WO 2009/142881PCT/US2009/042168 Memory Cells, Memory Cell Constructions, and Memory Cell
Programming Methods TECHNICAL FIELD 5Memory cells, memory cell constructions, and memory
cell progranrf§¥{EttEds. BACKGROUND Non-volatile memory is widely RISEYA08¥REIRS devices
such as 10digital cameras and personal audio players. Many different types of non-volatile memory

are available, eachising aydifferrt fearenentd fedueirayclithes, raeaoyeand rpagegtic disk
memory are two examples of non-volatilePmgirainfegeermyelstie memory may be bulky and may

consume an undesirable amount of power. It is 15desired to extend the battery life of portable devices
that use non- volatile memory and to reduce the size of such devices. Accordingly, non-volatile
memory that peaqypiRd @ A&l Bre@ and consumes a small amount of power is desirable. 20 BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is diagrammatic cross-sectional view of a portion of a

construcgon in accoxgigntsr yiteas embesiingiell cditstPustitatsamnptie srassyseetpnal view of a
portion of a construction jn accordance with an embodiment. 25Fig. 3 shows three band-gap diagrams

illustrating thiQ ST BRI Shs of a diode in accordance with an embodiment.  Fig. 4 is a
schematic electrical diagram of an array of memory elements in accordance with an embodiment.

BACKGROUND
Non-volatile memory is widely used in portable devices such as
10 digital cameras and personal audio players. Many different types of
non-volatile memory are available, each using a different fundamental
technology. Flash memory and magnetic disk memory are two
examples of non-volatile memory. Some non-volatile memory may be
bulky and may consume an undesirable amount of power. Itis
15 desired to extend the battery life of portable devices that use non-
volatile memory and to reduce the size of such devices. Accordingly,
non-volatile memory that occupies a small area and consumes a small

amount of power is desirable.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is diagrammatic cross-sectional view of a portion of a
construction in accordance with an embodiment.
Fig. 2 is diagrammatic cross-sectional view of a portion of a
construction in accordance with an embodiment.
25 Fig. 3 shows three band-gap diagrams illustrating three different
bias conditions of a diode in accordance with an embodiment.
Fig. 4 is a schematic electrical diagram of an array of memory
elements in accordance with an embodiment.
Fig. 5 is diagrammatic cross-sectional view of a portion of a
30 semiconductor construction in accordance with an embodiment. Fig.
5 also shows a schematic electrical diagram of some of the
components of the cross-section.
Fig. 6 is diagrammatic cross-sectional view of a portion of a

semiconductor construction in accordance with an embodiment. Fig.
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Fig. 5 is diagrammatic cross-sectional view of a portion of a 30semiconductor construction in
accordance with an embodiment. Fig. 5 also shows a schematic electrical diagram of some of the
component§? MeG881section.  Fig. 6 is diagrammatic cross-sectionaPGENSBPER BB of a
semiconductor construction in accordance with an embodiment. Fig. WO

2009/1428815 @<L SHUWE424 68 énitevcs bR AcehaTBgYia Rlesireahiagiagpof some of the
components of the cross-section. DETAILED DESCRIPTION OF THE ILLUSTRATED

EMBODIMENPE RARLBIRLLHMR FrRsisS eI hoint 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 aIIeviatiriﬁ and Eossibl;&,%reventinj cross-talk between ad'!acent devices. The diodes may contain

stacked thin HEdAE RO GRERLTILRAE Tofitts bekY BARAKEBUMBRRIMENS Schieve

tailored diode propertiesdeid@ithadli memay eRliss-poiktnag P agd\viliaogrysdertblizestacked
dielectric materials for the diodes rather than utilizing conv%ional silicon-based n-p junction diodes.
[

The conventiBHIMRe G AR jLREIBIPEEGeD MaP BCSIHANE Al G BMEfIGHS Nt to

Shockley-Repesialld SRH)@angrpien andbregenbieationsaef, achile dapvgiensasiigtions, injection
velocity, carrier lifetime, and breakdown strength (or other high f;%%groperties such as ionization

rates, etc.). THECIRRSHBN RIGHERL Qs Fhay B Al AghuES O CooU AR &S ki the

memory cellsdiayestbstgntalin seduse i ahastaie kaisloites, aifibuiee taivdigial memory
cells. Fé)éins nce, if two ﬁIP:(?rZ raemory cells are stacked such t}Ei;t%one is_directly over the other, then

I
the amdtnt of YBAIREHE A 1EaF HUGI G fAREHC datth REBIRYAVEN Qe T AP that the
individual 25memetiealls areesseuiialyaayn eepssenisg 2F2 of semiconductor

It may be advantageous to utilize stacked dielectric materials for
the diodes rather than utilizing conventional silicon-based n-p junction
diodes. The conventional silicon-based junction diodes may be

15 limited relative to bandgap, Shockley-Read-Hall (SRH) generation and
recombination rates, active doping concentrations, injection velocity,
carrier lifetime, and breakdown strength (or other high field properties
such as ionization rates, etc.).

The cross-point memory cells may be arranged in vertical

20 stacks. Stacking of the memory cells may substantially reduce the
real estate consumption atiributed to individual memory cells. For
instance, if two 4F memory cells are stacked such that one is directly
over the other, then the amount of semiconductor real estate
consumed by each is effectively cut in half so that the individual

25 memory cells are essentially only consuming 2F? of semiconductor
real estate. The reduction in effective real estate consumption
increases proportionally to the number of vertically-stacked memory
cells. Thus, significant strides in integration may be achieved by
vertically stacking at least some of the memory cells of a memory cell

30 array.

The stacked memory cells may be utilized as nonvolatile
memory, and may correspond to single level cells (SLCs) or multilevel
cells (MLCs). Such nonvolatile memory may be incorporated into
NAND memory arrays. In embodiments in which multi-stacked
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real estate. The reduction in effective real estate consumption increases proportionally to the number
of vertically-stacked memory cells. Thus, significant strides in integration may be achieved by vertically
stacking at WASE¥BHE®Hthe memory cells of a memory cell 30array.  TREEBSKWE pheieiory cells
may be utilized as nonvolatile memory, and may correspond to single level cells (SLCs) or multilevel

cells (MLCs).npygh e\psrelsiss MESIRIY Ty Secifeprheddiad dnta NADIEY MRposy sveYs- be
embodiments in which multi-stacked WO 2009/142881PCT/US2009/042168 multilevel cells

(MS-MLCs) R&8FHRHER WhEPWarts, RgsRRE % BE RaRicARAIBNERD $igh-pEMBrmance, and
high-density. shhe réaskes] ieesapayddeogtsedthrough millidees) dMRieOriwete dhssome

embodiments, the fabrication of memory cells is 5conducted over a silicon substrate utilizing

low-temperature dePBsHUARERIGMER Rt RAPLGRHRA RhPERRIY 8 ntSctivation steps.

Avoidanee ofdigltiRnpereise Aronassmne sy ARYigtaitherg Ri- neluges-eagrage to integrated
circuit devices. Also, many of the materials showi mise for utilization as memory 10elements in

ng pr
cross-point nERGSIEAR E’f[)?%s?ﬁﬁée,%@z@’éﬁé%‘%ﬁ AP LEGURTEL WA AR Atal oxides,
etc.) lack highadevaeemiustcitahiliny Expane enbegimenisoyeadessribastwibiredersage to Figs. 1-14.

15Referring to Fig. 1, a fragment of a diode construction 2 is illustrated.. The fragment comprises a
base 12 angd albqga%t%tgg%mgé-h@uced é)amage to mtegrateg circuit dgwces. P

Also, many of the materials showing promise for utilization as memory

10 elements in cross-point memory cells (for instance, Ge>Se>Tes and
other chalcogenides, various metal oxides, etc.) lack high-temperature
stability.

Example embodiments are described with reference to Figs.
1-14.

15 Referring to Fig. 1, a fragment of a diode construction 2 is
illustrated. The fragment comprises a base 12 and a diode 26 over
base 12.

Base 12 may comprise semiconductor material, and in some
embodiments may comprise, consist essentially of, or consist of

20 monocrystalline silicon. The base may be referred to as a
semiconductor substrate. The terms "semiconductive substrate,”
"semiconductor construction” and "semiconductor substrate” mean
any construction comprising semiconductive material, including, but
not limited to, bulk semiconductive materials such as a

25 semiconductive wafer (either alone or in assemblies comprising other
materials), and semiconductive material layers (either alone or in
assemblies comprising other materials). The term "substrate" refers
to any supporting structure, including, but not limited to, the
semiconductive substrates described above.

30 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
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Base 12 may comprise semiconductor material, and in some embodiments may comprise, consist
essentially of, or consist of 20monocrystalline silicon. The base may be referred to as a semiconductor
substrate. TH® ##H34288Miconductive substrate,” "semiconductor constructf§rF BFg0%eAIédnductor
substrate” mean any construction comprising semiconductive material, including, but not limited to,

bulk semiconghielive Asetials@ue) aa A Rasriepnddmivewales (@ifsern alane Riinassemblies
comprising other materials), and semiconductive material layers (either alone or in assemblies

comprising ofti&r mMASRRE PRORMAMENMS B HRRA Tty HPBrHidRERAFR, MRNiding, but not
limited to, the-senpeRisugiia sehstalgs idesnabRe apaterMIABeHER Rassridustphewayieme

homogenous, it may. C(C)?rnn%p_rlse numerous layers in some embodiments. For instance, base 12 may

correspond t& AR ARIIES KRV A9 REIRbiRHH OIS HIRibie MR Rlso &AM integrated

circuit fagricagintb &l Fueh esnhngiaents nsaighclBirassi By cosieseo nd te e e mesaleftoretal WO
2009/142881PCT/US2009/042168 interconnect layers, barrier layers, diffusion layers, insulator layers,

etc. In some ERBOIFRATYE YHIG8bermost region of the base may comprise an electrically insulative

material so that a canibgévedayer disie 26rig dE a0y agavsbsychonsuB2 giaderial. In some 5
embodiments, gﬁie 12 may comprise a semiconductor-on-insulator (S01) construction, Diode 26

comprises cafFILAIY Qe a3y 53 SANRSMBATHIAGHS: 019 UGH LS MBadaNR RS2
conductive mgirfials 228682 ayrieel rejesred thas caneueive sliatet s1atgsals(on ipeiber 10

ds, as diod trodes). ti terials 2 d 32 ( ' tabl iti
or comBmati koSO, HREWRY R o BIL AR SR st 6<2BHuA Bbr consist of

one or more gbvapeiseraeials (ioainsanse jariaiom qrlgswbiiangsies! sbimipositieerner, gold,
nickel, titanium, molybdenum, etc.), 15metal-containin?&c_ompositions or iqstance, metal r;fitrides,

metal silicide& 3Ach a¥ t|R§ &R Tt G P BRI SmEARRIE! &5 BHE LY Rfu Rl a9 5 P
semiconductemaalerialsrgoo instaica scornstatt vdlyrdoped sdieomna fome giatiadiments, conductive

et Tt SR A o T T el T g AR S S S R
nanometers. ’ ’ ’ ’ ’ ’ ’ ’
15 metal-containing compositions (for instance, metal nitrides, metal

silicides such as tungsten silicate or tantalum silicide, etc.), and

conductively-doped semiconductor materials (for instance,

conductively-doped silicon). In some embodiments, conductive

materials 22 and 32 may each have a thickness of from about 2
20 nanometers to about 20 nanometers.

In some embodiments, material 22 may include one of
aluminum, tungsten, molybdenum, platinum, nickel, tantalum, copper,
titanium, tungsten silicide, or tantalum silicide and material 32 may
include a different one of aluminum, tungsten, molybdenum, platinum,

25 nickel, tantalum, copper, titanium, tungsten silicide, or tantalum
silicide.

Insulative material 34 may be referred to as diode dielectric
material, and may comprise any suitable composition or combination
of compositions. As illustrated by Fig. 1, insulative material 34 may

30 be in direct physical contact with both material 22 and material 34.

In some embodiments, insulative material 34 comprises a stack
of electrically insulative layers, with the individual layers having band
gap and/or band-alignment properties tailored for the particular
application of the diode. The layers may have individual thicknesses
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In some embodiments, material 22 may include one of aluminum, tungsten, molybdenum, platinum,
nickel, tantalum, copper, titanium, tungsten silicide, or tantalum silicide and material 32 may include a
different ond&¥ HRHHREHA, tungsten, molybdenum, platinum, 25nickel, tantafGHUSMIEH AHEnium,
tungsten silicide, or tantalum silicide. Insulative material 34 may be referred to as diode dielectric

material, andgnayoeAnaREe any sydablim eeaHRoian O oMo fd r@@ﬁ@ﬂiﬁ@@s- As illustrated by
Fig. 1, insulative material 34 may 30be in direct physical contact with both material 22 and material 34.

In some embBAMRHES incARAH FeSSHIaGhRiceo AR bPABRicAR Msulative layers, with
the individualdayeps Bavissbearbaeepndai PracgBgpesth sronagies taileneh ipnthetpardicular

application of the diode. The layers may have individual thicknesses of from about 0.7 nanometers to

about 5 nanofHEfBS YRl PiAg CoRPiud R odkiSe SDARIRRE B CdASis P BHEBrIIIE compositions

selecteddromsthe @onRaBSISINGRT alkminura Ritiden adwiisyn@Mdem afiids gritieumagnesium
oxide, niobium oxide, 5silicon nitride, silicon oxide, tantalum oxide, titanium oxide, yittrium oxide, and

zirconium oxfE! Cthe Y& EFRMHHTASYSTE refbRE P8 AP EMTS RIS ALRHAPLE R EShENME rather

thﬁtn ri]n termSt@frﬁﬁ?@ifri](th?éoEi@@ﬂsﬁie@@}ﬁﬁfﬁ@ﬁﬁm&,dtb@ﬁgﬁdﬁdéﬁzﬁéﬁcwi% :§ed°ﬂf§§btﬂg§ silicog oxide,
which encompasses the stoichiometry of silicon dioxide. 10Djode 26 may be configured to conduct
current from SIREHPIH St/ 50 HIRGI% SO & SIHOA ASr6SEHRE S 8 and material

22 with mateggid@rbeixigiat aviigiieicprientiphibeasnaterigioleh Diatet Ap olayilddembegieandigured to
inhibit current from IE.Wing fram mat%rial 22 %o material 3%@ a second ){Fltage is.ap IiegéSacross
material 32 and ma r'%ﬁj it HatBfaf 82 E)@H{g? @1 Lb%tté;rﬂféﬁtrﬂh RIGtnate ?A rdingly,

the second veltage rea hazewpetatliepposieathati of aopledaeh thesfimhveliages npome

bodi ts, the fij It be b bout 0.5 vol d 1.5 volt d th It
embodiments, e frsf olage may be bstyssn aboul 0.0 ol and 5 Yol i the secon votage

22. Diode 26 may also be configured to inhibit current from flowing
from material 22 to material 34 when a second voltage is applied

15 across material 32 and material 22 with material 22 being at a higher
potential than material 32. Accordingly, the second voltage may have
a polarity opposite that of a polarity of the first voltage. In some
embodiments, the first voltage may be between about 0.5 volts and
1.5 volts and the second voltage may be between about 0 volts and -

20 15 volts. Accordingly, diode 26 may be characterized as a selectively
conducting device whose ability to conduct current depends on an
applied bias voltage.

In some embodiments, the first voltage may have the same

magnitude as the second voltage. Accordingly, diode 26 may allow

25 current to flow from material 32 to material 22 when forward biased
with a voltage but may inhibit current from flowing from material 22 to
material 32 when reverse biased with the same voltage.

Tunneling properties of material 34, and/or carrier injection

properties of conductive materials 22 and 32, may be tailored to

30 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
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2015 volts. Accordingly, diode 26 may be characterized as a selectively conducting device whose
ability to conduct current depends on an applied bias voltage. In some embodiments, the first
voltage may¥9Me8ihe magnitude as the second voltage. Accordingly F&idd828%431ellow 25
current to flow from material 32 to material 22 when forward biased with a voltage but may inhibit

current from fiextag Aloppraierink B Wavatedial sitayeen seveibe Biasrsl wilk thp srere voltage.

Tunneling properties of material 34, and/or carrierigrgection properties of conductive materials 22 and
i

32, may be t&RIRESIEBEHHRE FRALH PIBPEKIE into diode 26. For example, materials 22, 32, and

34 may be engineerré féx Hiag di9de g6 2llawsRlertanvioduiior] dredBatetaos? Ahfough material 34
to material 32 when the first voltage described above is applied across material 32 and material 22 but

inhibits elect/OWSHEEEmmRIMYFOAUTRE L 8% Feddrial OLHHaH IRefs&opPFoltalé Bescribed

above ismppligsbaereasdaaisipl g sng. maienald2ahiefepingt Firady i &agmens giaagliode
construction 4 is illustrated. Similar numbering is used in referringét_o Fig. 2 as is used 5above in

describing Fig P& IRPSMES! Bhgiedt £#Beplicia AMRRL e RSSRRENPEEGotR 88 ragment 4

includes basegjibhandgliode 26 fyert@ase 12. In the shown embodiment, diode dielectric material 34
comprises a stack of three different dielectyic compositiﬁns 54, 56, 10and 58. Such compositions may

be tailored relative tHolaRBMEP SRR BURE Yhpd! oAl G IGiBHbEHE eddes, and/or valence
band edges, betwper e Lennsisitions enakigfarostiriaibeariesdmeos dieiuthesigh the

composiigonsérk%gtgg iré%%ﬁpggrsr%%%gﬁ%ggnrhay be tailored relative to one another so
that band gaps, and/or conduction band edges, and/or valence band
edges, between the compositions enable tunneling of carriers in one
direction through the compositions, but not in an opposing direction.
Dielectric compositions 54, 56, and 58 may comprise any

15 suitable compositions, and may, for example, comprise 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.

20 Although example diode 26 of Fig. 2 has three different
dielectric compositions (54, 56, and 58), in other embodiments diode
26 may comprise other than three different dielectric compositions.
Specifically, in some embodiments diode 26 may comprise more than
three different dielectric compositions, and in other embodiments

25 diode 26 may comprise less than three different dielectric
compositions. The number of different dielectric compositions used in
diode 26 may affect the speed with which the diode reacts to a
voltage. For example, as the number of different dielectric
compositions increases, a difference between a time when diode 26 is

30 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 compositions increases, a magnitude of

a voltage used to forward bias diode 26 may also increase.



Dielectric compositions 54, 56, and 58 may comprise any 15 suitable compositions, and may, for
example, comprise one or more compositions selected from the group consisting of aluminum nitride,

aluminum oX@2MH#H oxide, magnesium oxide, niobium oxide, silicon nR&dE/ iU+ BL8le,
tantalum oxide, titanium oxide, yittrium oxide, and zirconium oxide. 20Although example diode 26 of

Fig. 2 has three diffqrrBt gifle6HierrOmMROBRNSA 3haltbanthbdic tethaserhedigments diode 26 may
comprise other than three different dielectric compositions. Specifically, in some embodiments diode

26 may compR&uat¥re AR HREE AiRAINPEIREPREONPOSEHSR Tend MARERL ABIMAERE 25diode
26 may compsisrden hayy theae-fite iems thelecdin sprropitarss ShtynaftPeind differeytedielectric

compositions used in diode 26 may affect the speed with which the diode reacts to a voltage. For

example, as F RBHber HPERRAGT WrelCAMPAFHRRIRsheN AL ORI D EFAURETIRIGHEN a time
when digre 2f0is 30 kigaed witba dnttegf and@Eniiptsian suriaahbpeaintciodenediengh diode 26

responsive to the voltage may decrease. However, as the number of different dielectric compositions

increases, a MAJRMHASr 3VOHRGY REPRUSAISTY BRI Eibde X8 N HIRB HERARE S5t

2009/1428818%d b2 00H9EPd & diesembediiperivb hig L may be fabieiad asdallows.yinitially,
material 22 mi}/ié%%formed over base 12. Material %2 may be qatterned by utiIizir;%ephotol_ithographic

processing afi 15 TEHE QAN Vs | HELYHENGy RO R EELRRYE s A 1A TY B fhLFOR HRerial 5 22.
In some embpalinBNtsCeenpesition soBaymE sennsiicd PhgvaedatZ2rnd s1sydiecpagewed using

photolithographic processing and one or more etches. Composition 54 may be deposited with any
Caitabid ot KRBT TR FP SRR ARG Sy AEEOARSHOR B CoRRCLABAY 86 and 58
may subsequeanikyl bt sleresiempissilid aopaposition 54 using one or more of the techniques
described above inrjelation to corggosition 54. In some, emb%fé ts, the methods used in

dime
forming compositio CYAIN R mg}e&t%@ﬁe@% ﬂgtstﬁ’eg oGy rﬁgt%?l%?é’rﬂglﬂpchange
the dimensioggl pbBateridl 28 o jhbeviss doteddes naderiahle histmedabeoas @n electrode of diode

26. For examp G, & My CAE B TSR n S R8P SUReRal3B B Shherwise

15 render material 22 inoperable as an electrode of diode 26. For
example, a maximum temperature used in forming composition 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 compositions 54, 56, and 58. By way of another

20 example, compositions 54, 56, and 58 may be undoped. Accordingly,
annealing might not be used in forming compositions 54, 56, and 58.
Forming these compositions without annealing may be advantageous
because annealing may involve undesirably altering dimensions of
material 22 as a result of high temperatures used during annealing.

25 Subsequently, material 32 may be formed over composition 58.
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.

30 Fig. 3 shows band gap diagrams of diode 26 in an unbiased
condition (diagram 60), a forward biased condition (diagram 62) and a
reverse biased condition (diagram 64). Diagrams 60 and 64 show
that in an unbiased condition, and in a reverse biased condition,
bands from dielectric compositions 58, 56, and 54 preclude migration
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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 compositions 54, 56, and 58. By way of another 20

example, copaLildassu, 56, and 58 may be undoped. Accordingly, anneBfdgurgMdt4¥e used in
forming compositions 54, 56, and 58. Forming these compositions without annealing may be

advantageougbgaatiee2 Beed BeMayriavive enfesisarlysalioriag dligensiensodftraaierial 22 as a
result of high temperatures used during annealing. 25Subsequently, material 32 may be formed over

composition S42HARS%S MW HLHHUABRE LY UMAR LRI S FapHiR S RI8SSEy and one or
more etches.d¥atgnirl 3 0@l Decardrned @pe tindampadpcofdnatenalne shghimot use a

temperature higher than a melting temperature of material 22. 30Fig. 3 shows band gap diagrams of

diode 26 in afl THAAFSEEOSh RN HREELH %53,%%%%Vﬁa@@d%%ﬁﬂiiggnt@i%ﬁw%ti)(%nd areverse

biased conditeateshngram 6. fixgrams Aasdes! siiew hahnanwekiaseid eongition, and in a
reverse biased condition, bands from dielectric compaositions 58, 56, and 54 preclude migration WO

2009/142881PE9/88YDESIBA2 Y68 U HAHRIWERR SRR AVOWM RSrillsTI8 and 381%$n contrast,

diagram 62 shevedthatiummelifio 0wy spew inia feryerd biase consliterr aedhatarasiate @pecifically
electrons in the shown embo ime_n;[% may tunnel from conductive material 22 to co%ductive S5material

32 via quantdif Wi BeCPRE HEM mgﬁ%ré%tﬂaﬁq HetieaiPmiRiatetanit? 4 fadRed arrow 63

in Fig. 3. It isgwieddtei theithiotes dieymin&igs.Fignd daiepnrotaddes elgenidlowdiwm conductive
materieH 32 tq conductive material 22. Sulgt%é'[s consistgnt with the dia%r m rE)_f Fi%f Whichdllustrate
electror flow i@ﬂbrﬁocqu]ldﬁgt\(\?e Ratefia JREGHNCHA MRS (Ila@ thEt RE1ES, YA %pposite

direction to tha etnrepifisiie laiotsti @Mbe dinecots:rthet dianyemeriieicgoarndionteris 56, and 58
may be reversed so that the electron flow in the for\gé dlg'ased dition is from conductive material
f

32 to conduchV& AHRAEFDE M4 AHCPMAF RN ;& e B8Hs r%%vgﬁﬁﬁl €t8d band
structures. Heerostiaatlises roayflevfarmee by node dullsinlseaimeepidixio (MY grawth of I11/V

T Ml SR A ygucr, hermal reatments (uch =
barrieréells and VARI®O b dashstelis)uires of Fig. 3 may be considered engineered

band structures. Heterostructures may be formed by molecular beam
epitaxy (MBE) growth of Il1I/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

20 cells (such as “crested barrier” cells and VARIOT flash cells). The
band gap engineered structures may exploit characteristics of band-
edge discontinuities in carrier transport in the semiconductor, and/or
may exploit characteristics of band-edge discontinuities in charge
storage of the dielectric. For nonvolatile memory cells, this may

25 enable optimization of retention, and endurance characteristics.

Deposition of thin layers of dielectric material may create local

quantum wells 66 which may be exploited in the diode structures
described herein. The conduction band and valence band edges of
the dielectrics may be engineered by material choice and/or thermal

30 treatments. Fermi-level pinning in the metal region may be
engineered by tailoring the compositions of the conductive materials
at the tops and bottoms of the diodes. The barrier heights along the
dielectric thickness may determine the tunneling characteristics of the

structures.



band gap engineered structures may exploit characteristics of band-edge discontinuities in carrier
transport in the semiconductor, and/or may exploit characteristics of band-edge discontinuities in

charge stord¥e ¥t Hlectric. For nonvolatile memory cells, this may 25eRabESBpA6®N of
retention, and endurance characteristics. Deposition of thin layers of dielectric material may create

local quantum wellsigardiel 8wy 6 ETBOHaH IFihe. diodaSiuaHE P HECETHE SRsaib aiE-

conduction band and valence band ed\[?es of the dielectrics may he en ineere(i%%y material choice

and/or therm3PEOANERL EdMiNlAUMART it RicRRIESIBIN TS Pemfinetfed B tailoring

the compositgsebtien 68a¢usH enapipR R AVARINE 886 PoHABEY BF diggeanT B barrier heights
along the dielectric thickness may determine the tunnelin% characteristics, of the structures. WO

2000/1428819%EH (F32HDS029F689 MR (RbuES R-ENBEd WS UD aHE PSn{aF hPEonsidered

band-gap engipreigd fe dhaircoroprsitiersiohnateyias 281 3t d4058n e 58 e Ekaseiyso that the
forward-biased tunneling of diagram 62 occurs. In choosing materials 22 and 32, work functions may

be 5 consideHEA R0k TA%FR TElPEE AllatERb 2MsHdtnt B eiferdy 184ARLS &hHRE an electron

from a metal Jarsig 63 Beigbisavh thed ata earerperd ed BMateiialfet ésd A2viay represent work
functions of materials 22 and 32. As illustrated in Fig. 3, material 22 m% have a fggher wark function

(represented S HRJHePHARAHRHAS madid 32-cossHHiRHAIeSn BrddncefBRERJIAIS2R to remove

an electron freraymetarél2 Rigiag Oa Bgd U hanan @eoLss ohenergy wsedndemaye araelectron from
materieH 32. Designin aterial 22 to have a hiﬁ]her work function than matgerial 32 m?/ H) enable
n

h
electrond to tTHAE Fh fracst Rl 93 IHRBUYH B AURRBAS 84 SRS 4H YBSBE (P rhSBR |%§.

choosing corepesitionspd b ansk k8, Darred pejghtaryay treacoasidgreduh tbafrien deight may be
related to an engér]gﬁ/ difference betwien a conduction band f%mﬁerial and a valence bs d of the
: prP Eé iti

material, In P55 RGIGRIDEY B Dar LS THRE AT B CERhaeioRE S ianing material 22

to have a higher work function than material 32 may help enable
electrons to tunnel from material 22 through compositions 54, 56, and
15 58 to material 32.

In choosing compositions 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 compositions

20 54, 56, and 58 may represent barrier heights of compositions 54, 56,
and 58. In some embodiments, barrier heights of compositions 54,
56, and 58 may be greater than work functions of materials 22 and 32
as is illustrated by diagram 60 of Fig. 3.

Band-gap engineering diode 26 may include selecting

25 compositions 54, 56, and 58 so that barrier heights of compositions
54, 56, and 58 have a particular relationship. For example, each of
compositions 54, 56, and 58 may have a different barrier height.
Further, as illustrated in diagram 60, compositions 54, 56, and 58 may
be arranged between materials 22 and 32 in order of increasing

30 barrier height. Accordingly, composition 54 (which is closest to
material 22) may have the lowest barrier height of compositions 54,
56, and 58, composition 56 may have a barrier height larger than
composition 54, and composition 58 may have a barrier height larger
than composition 56.



2054, 56, and 58 may represent barrier heights of compositions 54, 56, and 58. In some embodiments,
barrier heights of compositions 54, 56, and 58 may be greater than work functions of materials 22 and
32 as is illuMrareuiAefdram 60 of Fig. 3. Band-gap engineering diode 26 MdyUPrItfe+ Z6Re cting
25compositions 54, 56, and 58 so that barrier heights of compositions 54, 56, and 58 have a particular

relationship. For exmt?égmbwsc@mp%t,iws@ﬁuw%é&m@g@@% hdiffereni daeder height.
i

Further, as illustrated in diagram 60, compositions 54, 56, and 58 maﬁibe arranged between materials

22 and 32 in BAM &qﬁé%i%‘geﬁgaﬁfe?%i%ﬂ DRI E SRR SBASAAMRE s B¥sest to
material 22) ay, hsve taerprestianigrdirighbaher @nesiipne adls56f aatrso sRIBP@sEIeN 56 may

have a barrier height Ia:ﬁr%er than composition 54, and composition 58 may have a barrier height larger

than composiiBn 389 RRODEYIPE SESNRETIHUE R YISO 2N ARG ITENEE X6, and 58 may be

chosen %5 haye et dasbanaey levels thatrare gigradtidinrespesh in @neransthatir yvay of
example, the valence band energg levels of comgositions 54, 56, and 58 may he aljiegned if the valence

band energy FV/BRSF BiIAToditioRs SN EE S 8%%%%&9”9%@ SOREYGHPRBALS
compositionsehfs 2y fviiS it e shasgRda hath eer@udiiobbend enrsglydevels ihaagrefaligned

with respect to one another. B Wfﬁico'f exz}mgﬁ, the conduction b?snd energy levels of compositions
54, 56, and 53XATYVE-al AP RHCEHURARA BT RN RNFIS 8k R TROMIBETNE 52056, and 58
are substantighygtiss saag. Smpgsisans e o aod SBonayditdselesien Je ifaat apantum wells 66

are created at the junction between composition 54 and compaosition 56 and at the junction between
Compodtion 68 THPSH R Hioceb AR oA bRUES ARUALY i R Sbove, diode 26 15 may be

forward biased by aQolage sipilies 84r056 materigls 32:an8 @2 shcibrsdnatetiah B isaaita fMigher
potential tharsﬂr%ateg%: 22. Furthermore, in a forward b'l%sed condition, uantumgﬁells gight form
between con Ve aﬁé‘ﬁaﬁéea?ttﬁg l%bg HOSHERS RF tHE aﬂm LIRA 26n80&ive materials

being the electasies sitiba diedesy at the junction between composition 56 and 58

when diode 26 is forward biased. As was described above, diode 26

15 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).

20 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

25 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

30 tunneling, which approaches zero -- if the dielectric thickness is
appropriately tailored.

Tunneling characteristics across structures such as diode 26
indicate that there may be a sharp turn-on characteristic when the

Fermi level corresponds to a lowest allowed quantum energy level.

10



20The 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 allowedRaMBH#E8ergy level, which may dramatically increase the prdSablitg08?/84Hsr tunneling.
This may lead to an effective 25lowering of the potential barrier in the dielectric. In a reverse bias

condition (sugthasr&eLtane DN Hepistesi e dinutas pdbdba setentshadies iathial e formation of
any quantum well is suppressed. There is, therefore, a low probability for conduction current to flow

from one met&MPEIHELS RHLE rBARcHABIUANEAGIVRRICaBFYdaRE L LB M FYsb dielectric

thickness is appgepiately tailored. Tunneling characteristics across structures such as diode 26
indicate that there may be a sharp turn-on characteristic when the Fermi level corresponds to a lowest

allowed quantum enEYQ)'RUBO ey BB %8881 BETAIR28BS8/0aP9 68 FH LR tEay be modified in

the presgncefehpitaysisral igheiaepeRitep, dgbagwndiagrdhainsasisie a1y desult from such
structure. Tunneling may be a ver fast&rocess, fﬁnd may occur.in 5 femtoseconds. Tunneling may
C

also be relatiVe ) d&IEh8ent SRR ENRHITHAI 8RR fiR QibRE SeRE R described

herein may brfmtore syéciierd e biasnarshiodngsthiels teraperas m seliakility criteria. For
example, diode 26 may be forward biased and current may flow throu%h diode 26, Digde 26 ma

10subsequertfTHRSk BrAaR 1Y (REL ETiReniQ irHABE Ford AR AHRRGP 8 Bé%r.cbigde 26

may be repegfeiy thavridchipzatt and ynzo weverse yiazhe dethis mpipgeage higlyrate. In some
embodiment, the rate mer}a( exceed 10 Ghz. Some examﬁ)le compositions Slbitab(lsfﬁfor the band-gap 15
hi 4e

engineered o S ?O\f%%‘?eﬁé"flﬁﬁgaﬁﬂ’rﬁ aﬁwcdiﬁﬁ%nfbrl%bw 58Mkjlicon dioxide
for compositi€ia wHn §iliees ngHgi i e IBPOSIIOH S4 A nidyngstesgeateaibyfiab R A0 dies sat of
exemplary com%psitions is molybdenum for material 22, silico% i}i(ﬁ)gide for ccimposition 58, silicon

S

nitride for cor‘ﬂB HP&PS%e,\ﬁ%?ﬁﬁj '?@%Qib‘é *8[‘%(5“%@%55“5 (R um! SR rial 32. Another
set of exemplamyasaipasitions és rlasinuanfar xoatedal @G ilicon dioxide for composition 58, hafnium

Oxide for comp oSO S AT Ble S s SAIBR S a1 818 MHE g a3

15 engineered diodes are aluminum for material 22, aluminum oxide for
composition 58, silicon dioxide for composition 56, silicon nitride for
composition 54, and tungsten for material 32. Another set of
exemplary compositions is molybdenum for material 22, silicon
dioxide for composition 58, silicon nitride for composition 56, hafnium

20 oxide for composition 54 and platinum for material 32. Another set of
exemplary compositions is platinum for material 22, silicon dioxide for
composition 58, hafnium oxide for composition 56, zirconium oxide for
composition 54 and nickel for material 32.

Fig. 4 is a schematic circuit diagram illustrating one embodiment

25 of an array of memory cells. Each memory cell includes a diode 26
and a memory element 28 connected in series between a bitline 22
and a wordline 24. Memory element 28 may be configured in one of
two or more different resistive states. Consequently, the resistive
state of memory element 28 may be used to represent one or more

30 Dbits of information.

To determine a resistive state of a selected one of the memory

cells of Fig. 4, 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

11



Fig. 4 is a schematic circuit diagram illustrating one embodiment 25 of an array of memory cells. Each
memory cell includes a diode 26 and a memory element 28 connected in series between a bitline 22
and a wordIW@ 280\ ¥dry element 28 may be configured in one of two or Fr& AMEYex1p8sistive
states. Consequently, the resistive state of memory element 28 may be used to represent one or more

30bits of infopatiqmis cdQ &ietamaipee rerddyerelateccda raleaies aneefshie snsraeey sells of Fig. 4,
a read voltage may be applied across a selected one of the wordlines 24 and a selected one of the

bitlines 22. It RE&HORIOY RIPRERLS HR) I SRLLHRABRATR IS 1§ HeLHBRE bifine WO
2009/142881{Ae tUBLeAMAEALGER2E Ehisfruliiesd A &HMRAVHEH s detesiee & rBRigIve state of

the memory element 28 of the selected memary cell. For example, if memory element 28 is configured

to be prograffia AGHSLAIRIGH RIRWAES RIRD 6P SidGeliarte SAIT@Y% P&rent may be

Smeasud teriRieiiiming vhatierieneiiend LrsreanRerif fe thecbigl spusiascr state Bighe low
resistance state., = While the read voltage is beiﬂgpag%ied across the selected wordline and the

selected bitlifE SIBIAYEE FAIDOLIPRlPY fRSGt ft&dfected) wordlines and bitlines. These

voltages may ensurg\ail|&0aes s mensiiems i eitheapip i fiyvingsthrasgle tbeterlected cell and
may prevent the read voltage and the current flowing through the selected cell from affecting the

resistive stat¥0PHROMRA (HoR-SEIEGES MEHRY (‘féﬂg%%ﬁerﬁ?r)é)}?%@r@éﬂﬁjpﬂé’, {Bf=gHGhay be

applied acrogsithe- perestlasjed danemory cellsisvibat theneere seittied bitingp aresatransgnual or
higher E@Iential than the selected Wordlin?, herebi/ grevgntinﬁécurrent fr%m flowin throggh tlhe diodes
of the noh-sefStiddARMFFEUIE TERhg B SIS hBRMY through the selected cell

and may prevent the read voltage and the current flowing through the
selected cell from affecting the resistive states of the other (non-
selected) memory cells of the array.
For example, voltages may be applied across the non-selected
15 memory cells so that the non-selected bitlines are at an equal or
higher potential than the selected wordline, thereby preventing current
from flowing through the diodes of the non-selected memory cells
sharing the selected wordline.
In some embodiments, the memory cell may be used to store a
20 single bit of information with the low resistance state corresponding to
a bit value of “0” and the high resistance state corresponding to a bit
value of “1” or vice-versa.
In some embodiments, memory element 28 may be configured
in one of four different resistive states. Accordingly, memory element
25 28 may represent two bits of information. Of course, other
embodiments are possible in which memory element 28 has more or
fewer than four different resistive states and therefore represents
more or fewer than two bits of information.
As will be described below, the resistive state of memory
30 element 28 may be reversibly altered. For example, if memory
element 28 is configured to have one of two different resistive states —
“A” and “B” — and memory element 28 is currently in resistive state
“A,” memory element 28 may be altered to be in resistive state “B”

and may subsequently be altered again to be in resistive state “A.” In

12



In some embodiments, the memory cell may be used to store a 20single bit of information with the low
resistance state corresponding to a bit value of "0" and the high resistance state corresponding to a bit

value of "1"WOALEUId8E  In some embodiments, memory element 28 rR&}/HE208M RIS in one of
four different resistive states. Accordingly, memory element 2528 may represent two bits of

information. QbeeEreen @Eﬁ@irnﬁf@?h@qim%n?%§r§tnﬂ§5ébé€té”dmﬁérﬁ@mcék¢fﬁé\ﬂﬂ@gaﬂw gwre or
fewer than four different resistive states and therefore represents more or fewer than two bits of

information. ASRGRERAELNBEE BN hAY iR st Y Al erdRB NG ARIID 8 FHAPbe reversibly

altered. For examideyiicaRTOytBlRINEALZSisTordiwite bioi Aeyeneag & two different resistive states -
"A" and "B" - and memory element 28 is currently in resistive state "A," memory element 28 may be

altered to be in resiSHFETHROE Aid nrayARRERMIO bR QNS UGHANPLES iHIKiEaiR S ate "A." In

some engbodgnentarthe resistivRysiata 8 emarieelentend 28 ay he iepgstadlyisoasded without
substantially affecting the ability of the memory cell to, store ane or more bjts of information. Referring

to Fig. 5, a frAGREAPSRE EdASr bl E & I GRREERT B fnildr AGTHEINE IS B8 in referring to Fig. 5

as is used abgihiodlaserping Figsnktt udiese aTPERRIatE rsagraens f/iene emnpeginaent of a
construction of one of the memory, cells of Fig. 4. Fr&%ment Gé:ﬁ)mggiﬁ{gé a base 12 (described above)
2 RefgRaN® €8

and a memory' @M BYEr AP DA HdrtndicQESEH o idfaRENt fragment 6

to illustrate se oDthe eleplticsal ¢emponents of fragment 6. Electrical diagram 8 shows that memory

II'10 ' dline 24, | t 28, a diode 26, .a bitline 22. Wordline 24 and
cel 10 ggmeries 2 pordine 24, 2 eMory ST § o838 09 MM gt ipe 24 o0

to illustrate some of the electrical components of fragment 6.
Electrical diagram 8 shows that memory cell 10 comprises a wordline
24, a memory element 28, a diode 26, and a bitline 22.

Wordline 24 and bitline 22 are shown in construction 6 to

15 comprise electrically conductive material. Such electrically
conductive material may comprise any suitable composition or
combination of compositions, including one or more of various metals
(for instance, tantalum, platinum, tungsten, aluminum, copper, gold,
etc.), metal-containing compositions (for instance, metal nitrides,

20 metal silicides, etc.), and conductively-doped semiconductor materials
(for instance, conductively-doped silicon). The individual wordlines
and bitlines may have thicknesses of from about 2 nanometers to
about 20 nanometers.

Wordline 24, memory element 28, and conductive material 32

25 together form memory component 52. Memory element 28 may
comprise any suitable composition or combination of compositions,
and may, for example, comprise, consist essentially of, or consist of
one or more magnetoresistive materials susceptible to undergoing a
reduction-oxidation (redox) process. In some embodiments memory

30 element 28 may comprise one or more metal oxides that exhibit two
different stable stoichiometric states.

For example, memory element 28 may comprise iron oxide and
may be configured in one of two different resistive states. In a first

one of the two resistive states, memory element 28 may comprise
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15comprise electrically conductive material. Such electrically conductive material may comprise any
suitable composition or combination of compositions, including one or more of various metals (for

instance, taM{QI3M?piaiHum, tungsten, aluminum, copper, gold, etc.), metaRESHAMINY DeSoositions
(for instance, metal nitrides, 20metal silicides, etc.), and conductively-doped semiconductor materials

(for instance @pticHy he-foperhsiligpdy). dbe prddddHad veorines and kitieee maymhayrsthicknesses

of from about 2 nanometers to about 20 nanometers. Wordline 24, memory element 28, and

conductive nTREHRI %9 S535eMEMETY RIETS) 6/ TBRYNT 8¥eNehtbRN¥RMdAMES may comprise

any suitable ¢egiaesitiea of cyaRin&E s offe@r@positions, and may, for example, comprise, consist
essentially of, or consist of one or more magnetoresistive materials susceptible to undergéc()gi}rég a
prise one

reduction-oxidation (Fe80%$ FRIELRNfh SHHE R RRE Y thelRLRP s EEMEH SE MSY)
or more getakexjdes HstisshinviniFesbstahle seighiomerisetanse Fd;@uample, memory

element 28 may comprise iron oxide and maf}( be configured in one of two different resistive states. In

a first one of tHee r&FGREFRANS RS SLARFHENY falAlsmprRE/kelement 28

2009/142881fAq}/He2e09/Rr168 esintsit g and xyayeermrpiisermers §edeadhan Ee203. In this
resistive state, memory elemen} 28 magﬁiéaﬁlaeg relatively low resistance of about 5e3 Ohms. In a

second one SEHIEHVE B dfve 'QdiRE, ESSSINS S BiHeay B MBS RMEMNY, #8IB3Yand may

comprise moreake289 3dhtiviedp M ghcresisnglyc i deatysuiesisBve Biate, memory element 28 may
have aﬂfher conceniration of oxyé%en than in.the second resistive state. In the second resistive state,

memory element 28 ?/%é@éréer 5?1%@/%?%"%5&%%%%&? 8 BUAeR G the first

resistive stateemeniiy elemaniis sexohe resorfipusest itéhmsesaadot sisd iérstate sistpasl of the
first resistive state. In some embodiments, a programming voltage mﬁ%é%g ?FE lied acros é(gvg)rdline 24
a

and bitline 22 Fi8-voRagR MRy BERHT BNR1tE B PLGERE RPve g% &
programminga@iest wdsdline 24 and bitline 22. The voltage may be up to 15 volts.

In response to the programming voltage, a programming current may
15 travel through memory element 28. The current may be sufficient to
cause a redox reaction in memory element 28 thereby reconfiguring
memory element in the second resistive state instead of the first
resistive state. In some embodiments the programming current may
be in the form of a current pulse having a duration of less than 1
20 millisecond.

Memory element 28 may remain in the second resistive state
after the programming current and/or the programming voltage have
been discontinued. In some embodiments, memory element 28 may
be doped with a quantity of metallic atoms e.g., up to 1e15 atoms per

25 cm®. The metallic atoms may increase an amount of time a
magnetoresistive material of memory element 28 retains a particular
resistive state as compared to an amount of time the memory cell
would retain the particular resistive state if memory element 28 was
undoped by preventing a redox reaction that would alter the resistive

30 state of memory element 28 from taking place. In some
embodiments, the metallic ions may be copper ions and/or zinc ions.

Once memory element 28 has been reconfigured in the second
resistive state, memory element 28 may be reconfigured in the first

resistive state. In some embodiments, a programming voltage may be
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15 travel through memory element 28. The current may be sufficient to cause a redox reaction in
memory element 28 thereby reconfiguring memory element in the second resistive state instead of the
first resistivévQaW(H&he embodiments the programming current may beRa IS & 1a8current
pulse having a duration of less than 1 20millisecond. Memory element 28 may remain in the

second resistiysodtate aes SRERRE PR E WisiHIANsl/outae RFYY FIMeg >oliaggthave been
discontinued. In some embodiments, memory element 28 may be doped with a quantity of metallic

atoms e.g., upANEEIRIRIMEELAN 38 MRS IR rRéalift b RSHHyAhERe YO R Rt of time a

magnetoresigi¢e fritqlisloagmois elamey i tieabs apartiewap@sistive grierzcegIgared to an
amount of time the memory cell would retain the particular resistive state_ if memory element 28 was

undoped by PREERMQL TR RIS fRPWEIHAMEP tRe' RARKIVE 3BURLDIMEIRRIY element 28

from takimg piieen bnsorsesintpraimestso Hednetadistioss i3y He togoes tPns ang/farginc ions.
Once memory element 28 has been reconfgi%ged_ in the second resistive state, memor% element 28

may be reconfGUSLY f $h8 st R SQNE LRO A BRREMEEMEHE R BN AAYS Tt8Ye may be

applied acrogsebiiines?? anbwerdiite i sl ai bithiee A2 dlortbighe! netansiasthan werdine 24. As
a result of the voltage, an electric field may exist across ryemo:l;\{| element 28. The electric field may be
r

of sufficient iftEHARAP 1 Q8 e L HEu8% RAGHH SREAYH QRN 98 S8R MerhoR) @ment 28 is

reconfigured frathe fiisi e sitive Hiatedt59e® eoWesENEia ctirsphegianeniey spdadsi asndoe up to
15 volts and may be betweg)n 10 volts and 15 vo tts. In so(rgne embﬁdimegéi little or UO c:érent may flow
through1 enfo e'FéﬂYeh@a Us2 GHLR"Yr ftFFér(} Iga’érlﬂe ek %'i HeS ER/W@ ?8 08 efiased 10and

may inhibit a currentirg@fievéngsainbiéline 28rie werdiinee2do ndulst B rédigfnslimante eone or
Cased by thEBEFTFANERLITA T 6 SRR MerE ConuERoe blGeri B BY S6aGka by o
programmingcealisge agplied pesgpaamming current. The one or more conductive

bridges may be severed by a programming voltage applied across

15  Dbitline 22 and wordline 24 so that bitline 22 is at a higher potential
than wordline 24. In some embodiments, a plurality of slightly
different voltage levels may respectively sever the multiple conductive
bridges.

Alternatively, in some embodiments, the one or more conductive

20 bridges may be severed by a programming current flowing from
material 32 through material 40 into material 38.

Conductive material 32, insulative material 34 (comprising
dielectric compositions 54, 56, and 58 as was described above in
relation to Fig. 2), and bitline 22 together form diode 26 as was

25 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 52.

30 As was described above in relation to Fig. 3, diode 26 may be
configured so as to enable electrons to tunnel through insulative
material 34. Due to this tunneling, electrons exiting diode 26 via
material 32 and entering memory element 28 may have a very high
energy level. For example, the electrons may have an energy level

15



15bitline 22 and wordline 24 so that bitline 22 is at a higher potential than wordline 24. In some
embodiments, a plurality of slightly different voltage levels may respectively sever the multiple
conductive BYRgey/142881 plternatively, in some embodiments, the one or nRSr&ESHYAGHIER0 bridges
may be severed by a programming current flowing from material 32 through material 40 into material

38. CO”dUCti‘t’ﬁéﬁﬁléeB@'tﬁ/?eérr\ﬁQ@i%@Q;%i@I%lﬁf&mpﬂﬂig%@éﬂiwtﬁiﬁéﬁfﬁl?ﬁéiﬁ@ﬂ@ﬁﬂe@@l and 58
as was described above in relation to Fig. 2), and bitline 22 together form diode 26 as was

25described I AELIPBIRER RSMONIE BR¥e 1R aRIZ&I VAR AeFANYE QR RaPpIPEF memory
component 3mag@rAi®daifo Hi @R esehe dneetts o RalHgtNG veataiial Rer frydreredered to as

conductive diode material (or in other words, as a diode electrode), even though material 32 is also

part of memd§ADnhanhfs9. &AL RAV@ R rided 88V R AR 8 18VEbdd96 may be

configurgd s@epsda engieslast gne@dnnRelrtfispuahlissiyatiBe matatialidétdues tents oreling,
electrons exit%gg diode 26 via material 32 and entering. memory element 28 mag have a very high

energy level. HHCARAMPIE AR IO ERE PalARRACAh IBnBIG)IR ¥ I elga ent 28 than non-
2009/142881PAITAUS20RHOHHES that is-hemysien 3.0 ARG 3 M piRslamUelischighethan an energy

level that the electrons would have if diode 26 was a convention p-n diode. In some embodjments, the
electrons maf 1RRATH BIRMPNERS bl BAY D8 {9We BARA PRI B t TR FRYgy level,
the Selectronk anayde predeintasity bpHisti ddallistitcelegitens 26y Mereratiigiend) aause the redox

reaction in memory element 28 thgn non- ballistic electrons. For example, a programming voltage
e 10 o A RALLA 16 IS HERABRH A9 £ g BHGh BTRERIoLS Vel IRG AEonventonal
p-n diode sinpeWigtle 2bcrtneiBoty eeittd Idpreyidestiaistt glectinpsdwving a higher energy level
than non- balstic el Mt sl e N Eals P R 5 Y8i65e 26 is shown between
bitline 22 and memory element 28. In other embodiments, diode 26
may be additionally, or alternatively, provided between wordline 24
15 and memory element 28.

In the shown embodiment, diode 26 permits current flow from
memory component 52 to bitline 22, but restricts current flow in the
opposing direction. Such can enable reading to and writing from
individual memory elements, while limiting cross-talk between

20 adjacent memory elements.

Although diode 26 is shown oriented to direct current flow from
memory component 52 to bitline 22, in other embodiments the
orientation of diode 26 may be reversed. Accordingly, diode 26 may
be oriented to permit current flow from bitline 22 to memory

25 component 52, and to restrict current flow in the opposing direction.

In some embodiments, memory cell 10 may be incorporated into
an array comprising vertical stacking of memory cells and/or
horizontal arrangement of memory cells. In some embodiments,
wordline 24 may be part of a plurality of memory cells (e.g., a column

30 of memory cells as illustrated in Fig. 4) in addition to memory cell 10
and may extend substantially orthogonally to bitline 22. Bitline 22
may be part of plurality of memory cells (e.g., a row of memory cells
as illustrated in Fig. 4) in addition to memory cell 10. The term

“substantially orthogonally” means that the bitlines and wordlines are
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In schematic electrical diagram 8, diode 26 is shown between bitline 22 and memory element 28. In

other embodiments, diode 26 may be additionally, or alternatively, provided between wordline 24 15
and memorV&efiert 2881 In the shown embodiment, diode 26 permits &4FERA0HOHIAF memory
component 52 to bitline 22, but restricts current flow in the opposing direction. Such can enable

reading to anghwréirg ondiyiehid) meegosyrRieraeats nhil TN g SrORSCla etyaen badjacent
memory elements. Although diode 26 is shqwn oriented to direct current flow from memory

component 53THIEHiRe-22MR SHE LABIGNEHEHB © ERTLUIES AL HE REs) Bereversed.

Accordingly, digdee?f BIAIR SiRRIGYIAREtibAerrgnbliewrfrom bitline 22 to memory 25component
52, and to restrict current flow in the opposing direction, In some embodiments, memory cell 10

may be incorporated MoSR ARG HPtihEverfcandR itdYoPRdrirFaled A% IdNSontal

arrangergent |ofi A pOtyi fpHe s> 2ome e e ad meats ovelid ieerdé snaiuedraiadfa @wrality of memory
cells (e.g., a column 300f memo_r%i cells as illustrated in Fig. 4) in addition to memory cell 10 and may

extend substSHEN Beobdnamy i 6ire 72 WithGePAUIRA) L BEHZNG RARYSHARMER UGS (e.g.,

a row of menpyceadlsiag iburiraiag iorRgofe i RMEEOILIR Atesrary Rtih d0mENe tRIMn sokstantially
orthogonally" means thal 1he bitlines and wordlines are WO 2009/142881PCT/US2009/042168 more
orthogonal toPOHERYREA tAES not, which can include, but is not limited to, embodiments in which the

wordlines and bitlineSiaye exieaiyl gxactly srthagsined ©Wiode aneteetribmendreginantwhidgs. 4 and 5
may be fabricated as follows. 5Injtially, bitlines 22 may be formed over semicondugtor base (or
substratd) 17T HiRes 3G 1! JBHUVRLE HiATRR ih ROMRRFIARSprE sty GRFURSES more

etches to patteso iline rrtetal IoFagduraliey o8 ltvesn Sthseduentybiingdeveliolddiode dielectric

material 34 (\gpé(fgctric material 34 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 configuration shown

15 in Fig. 5. In some embodiments, diode dielectric material 34 is only at
cross-points of the wordlines and bitlines. In some embodiments, the
diode dielectric material may be left between the bitlines rather than
patterned to be only at cross-points of the wordlines and bitlines.
Diode dielectric material 34 may be deposited with any suitable

20 methodology, including, for example, ALD.

A first level of electrically conductive diode material (i.e., a

diode electrode) 32 is then formed over diode dielectric material 34.
Electrically conductive material 32 may be formed in the configuration
shown in Fig. 5 by depositing the material and then patterning it with a

25 photolithographically patterned mask and one or more etches.

Memory elements 28 are then formed over electrically

conductive material 32. The memory elements may be formed by
depositing memory element material across the bitlines and spaces
between the bitlines, and then patterning the memory element

30 material utilizing photolithographic processing and one or more etches
to create the shown configuration in which the memory element
material is only at cross-points of the wordlines and bitlines. In some
embodiments, the memory element material may be left between the

17



10may be a stack of multiple dielectric compositions, e.g., as discussed above in relation to Figs. 1-3)
is formed over the bitlines. Diode dielectric material 34 may be deposited across the bitlines and
spaces betWe@AMRIfies, and then patterned utilizing photolithographic BtES3IMNYUA&Bne or
more etches to create the configuration shown 15in Fig. 5. In some embodiments, diode dielectric

material 34 ipiik & GRgseRARENOp HigarREdiNeSHRN G Riinasc b Sempd R ediments, the diode
dielectric material may be left between the bitlines rather than patterned to be only at cross-points of

the wordlines 4@ HRRR & Bld!Hi@8ctric material 34 may be deposited with any suitable

20methodology, inclydingt flefelapinits ”iHAe mdidirr llevelatieiesticallyipenevstyergiode material
(i.e., a diode electrode) 32 is then formed over diode dielectric material 34. Electricalléconductive

material 32 n#l§ BERned IEMECEHRSUABRIFLRLMANK PR ISRPSEFSSRALAHR MSRIHIBRS then
patternirgy it witftjaspariwiohbeesanigedyopatasged Ak @ndhbenecen 8WrgtRiehes. Memory

elements 28 are then formed over electricallig conductive material 32. The memory elements may be

formed by dePBStHY RRHBR L IG5 RATRE R HITIRER SHeNGR LR ERE e bitlines,

and then patiengyachtiee RTegueatiRlenent Beratasabiiizéy shotolithogranaitpmeassiathand one or
more etches to create the shown configuration in which the memory element material is only at

cross-points 57 tHEWERIIFHERSShd bitlines. In some embodiments, the memory element material may
be left between the JUQsHWIEHAZRRIRN E VUSR8 HAdiBbdiisrsoiribeicihad inatieengibigde only at

cross-points of theézvl?crirdlines and bitlines. A first level of wordline m terigl is fogned_ over the memory
C

elementd. ThE'RStHfe MEMRAY NG 9"858&%0@@ WOISEYHE OifiHeRS ﬂ&”%ﬁ HS'H&tween the
bitlines, and $epgwiiesradigiidingns of the above-discussed processing, separated

by a passivation material, to form vertically-stacked memory arrays to

desired heights. In some embodiments, the vertical stacks may

comprise at least 3 memory cells, at least 10 memory cells, or at least
15 15 memory cells.

The vertically-stacked memory cells may be identical to one
another, or may differ from one another. For instance, the diode
material utilized for memory cells at one level of a vertical stack may
be different in composition from the diode material utilized for memory

20 cells at another level of a vertical stack; or may be the same
composition as the diode material utilized for the memory cells at the
other level of the vertical stack.

Fig. 5 illustrates diode 26 provided between the bitline 22 and
memory component 52. In other configurations, including

25 configurations in which memory cells are stacked as discussed above,
diode 26 may be provided between memory component 52 and
wordline 24. The fabrication process utilized to form such other
configurations may be similar to that utilized to form the configuration
of Fig. 5, except that the conductive diode material and diode

30 dielectric material may be formed after formation 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

18



photolithographic processing and one or more etches to create the shown configuration in which the
bitlines are substantially orthogonal to the wordlines. Subsequent levels of bitlines, diode dielectric,

conductive YSHRIBHHEErial, memory elements, and wordlines may be forrR&d/ ¥SHY%eBdehuent
iterations of the above-discussed processing, separated by a passivation material, to form

vertically-stagked fhemaenmeay it mesied beigkiay Besome asnediaenis, the valier) sfacks may

comprise at least 3 memory cells, at least 10 memory cells, or at least 1515 memory cells. The
vertically-sta&!@&nrﬁaﬁory cells may be identical to one another, or may differ from one another. For

instance, the diode matesiatBHlfzgdriaf o1Nenntelscroarsieveh PR erdicalsiapl sealee different in
composition from the diode material utilized for memory 20cells at another level of a vertical stack; or

may be the same cdrfE<H8 48 thifdiBa & HRERPOEIRES BP AR HEHRRA R dis M #IEHRRr level of
the vertigal s@Rkilar ritienBalHsyates siaserbupeavidedibermges the bitlines2? apgvaemory

component 52. In other configurations, including 25 configurations in which memory cells are stacked

as discussedH BHAPHGHE 8 mbyPo¥ BRIG AR QRIdB M dmBn PclHS IS5 3 And wordline 24. The

fabrication praness gtilzs @ taberdiraeeht ethed serdiguetions maygoe Biadan énthatidtiizesd to form the
configuration of Fig. 5, except that the conductive diode ngtaherial and diode I(%?%Jefc_tric material may
f

be formed aft%maﬁéﬁ’ﬂﬁ% & HERRISPEEATRAL PAReP AR BBRMOOHASS HE nfemory

elements. In Fehgthrirengedimprisethe wiesgation(didbersudinesany hitines ingheomemory cells
may be reverseﬂ (1is§ that tgbeﬂwor lines are under the bitlines) and the diodes may be formed either
betweeh&he Gordife VEALHE ory elements, or between the bitlines and the memory elements.

Other configurations\o§ oresnestielmsst REhdigi alpapossible. Kedevringdfalcign b f aljagerangof a
construetion B S S A s am e G he S O S P e Nt 57 frgmahisg!sed above in
Electrical diagram 14 shows that memory cell 10 comprises wordline
24, diode 26, and bitline 22, each of which are described in detail

15 above.

Memory cell 10 also comprises memory element 28, which in
the embodiment depicted in Fig. 6 includes material 38 and material
40. Material 38 may comprise, consist essentially of, or consist of an
ion-rich conductive material such as ionic copper or ionic silver. In

20 some embodiments, material 38 may be embedded and activated by a
reactive ion such as tellurium or selenium. Accordingly, material 38,
in some embodiments, may comprise one or more of Cu-Te, Cu-Se,
Ag-Te, or Ag-Se, which are referred to in terms of the principal
components, rather than in terms of specific stoichiometries.

25 In some embodiments, material 38 may comprise, consist
essentially of, or consist of a doped chalcogenides and the doped
chalcogenides may be a glass. For example, material 38 may
comprise one or more of germanium, selenium, tellurium, or silver.
Material 38 may be doped with germanium, selenium, tellurium, or

30 silver at a concentration of 1.0e16 to 5.0e17 atoms per cm®.

Material 40 may be a thin oxide material such as a metal oxide.
In some embodiments, material 40 may have a thickness of less than
25 Angstroms. Material 40 may be in direct physical contact with
material 38 and material 32. Accordingly, material 40 may impose a
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describing Figs. 1-5 where appropriate. Fig. 6 illustrates an alternative embodiment of memory
element 28. Fragment 8 is one embodiment of a construction of one of the memory cells of Fig. 4.
Fragment 8 WORAMIEEIbase 12 (described above) and a memory 10cell IRCAVEI208ER4I68 A
schematic electrical diagram 14 is shown adjacent fragment 8 to illustrate some of the electrical

components @Eﬁ%m@@h%@ﬂ%é@ﬁhﬁiﬁ@fﬁm b4 showsihse manyryotalkdq erawrisss wordline 24,
diode 26, and bitline 22, each of which are described in detail 15 above. Memory cell 10 also

comprises mEAERLE&Sent 28, which in the embodiment depicted in Fig. 6 includes material 38 and

material 40. Material fhery GIewprse, cONRgeBeiGIN liredcenpeobamiansichenrductive
material such as ionic copper or ionic silver, In 20 some embodiments, material 38 may be embedded

and activatedbij&f FUcER B! RIVELSERLE el lRURR BIS SEHRGAH RS RIiMBRMARRLE BE T €8me

embodingentsnEAbeostisg wneicinmaie ofiGud liffereatAadistiveAdrdesvhiehauer sgferred to in
terms of the princigl components, rather than in terms of specific stoichiometries. 25In some

embodiment$ Mafdrit] 88 Wy S VES (@S st BEBRIXIG S5 HonSidh8¥a bR fchalcogenides

and the dopegbrhaicogenides maisberrcalqssghobexaiaple dratetdl 3tagy estmprisedPn®or more of
germanium, seleniu ium, or silver. Material 38 may be doped with germanium, selenium,

m, tellur m
tellurium, or 3DEHRR ThncEnfrARTORA PBTeAb B BMRALE SP¥PCRIdtes. M&EIRIY40 may be a

thin oxide masesinl SHEIR 8snadpetalvaxiderd a3 byamRocivintn owi@igl 48 mackave a thickness of
less than 25 Arﬁstror%s. aterial 40 rrg;@ ae in8 girect physical contact with material 38 and material 32.

Accordiftgly, H&HAS Phmean §/$42881PCT/US2009/042168 separation between

material 38 and matgriad 32 ftlesSirstnradsidtigeirotase, mdtamgyedtament 28 mayybp gonfigured in
one of two or more different resistive states. In some embaodiments, mem%)éetl_ement 28 Smay be

configured in"6i%0 B ¥l BfrdReH FeSREQOLLERISHYE hlgte Instead o Irst resistive

state. In some embodiments, a programming voltage may be applied
across wordline 24 and bitline 22. The voltage may be up to 15 volts.

15 In response to the programming voltage, a programming current may
travel through memory element 28. The current may cause ions from
material 38 to be swept from material 38 into material 40 due to
momentum transfer between the ions and electrons of the current. In
some embodiments, the movement of ions from material 38 into

20 material 40 may be referred to as electromigration. The ions may
form a conductive bridge between material 38 and material 32 that
may reduce the resistance of memory element 28, thereby
reconfiguring memory element 28 in the second one of the two
resistive states. In some embodiments the programming current may

25 Dbe in the form of a current pulse having a duration of as long as
several milliseconds or as short as several microseconds.

Memory element 28 may remain in the second resistive state
after the programming current and/or the programming voltage have
been discontinued.

30 Once memory element 28 has been reconfigured in the second
resistive state, memory element 28 may be reconfigured in the first
resistive state. In some embodiments, a programming voltage may be
applied across bitline 22 and wordline 24 so that bitline 22 is at a
higher potential than wordline 24. As a result of the voltage, an

20



one of the two resistive states, memory element 28 may have a relatively high resistance (e.g.,
between around 1 mega ohm and 100 mega ohms). In a second one of the two resistive states,
memory eleerP¥B1A8§ have a relatively low resistance (e.g., between 10Brb3d08Mk2&t8ms and 10
k ohms). When in the first resistive state, memory element 28 may be reconfigured in the second

resistive state jasteasl @étberﬁ&?\} ERistvecstaie. ﬂﬁér‘h@%/e@lbﬁ%ﬁﬂﬁé,. aPHRIEABYRING feli@ge may be
applied across wordline 24 and bitline 22. The voltage m?t% be up to 15 volts. 15 In response to the

programmindVeKage, &f pHBISSRIG IRRSIAY dRyP F46EI TP GER HHGHYS BIRARRO8TERR B¥rrent
may cause iomgefioing radiatiab 38 ed enaentiivorymelerdd 38 380 snadeid (Guieel thhrpeientum

transfer between the ions and electrons of the current. In some embodiments, the movement of ions

from material 38 irfRS3oiYReHA 0 niRSRSREMRAS AR ¢ G PLAER2 THE IBESAHA %5 m a

conductige brglgg betwigetomaerigitdd andsvaieriehsdshandaysieltite hedgssiansataimemory
element 28, thereby reconfiguring memory element 28 in the second one of the two resistive states. In

some embodiFR¥AEHIRYER, i lFBRTHhAY A& iFSRE fofh e WAL RREA R g a

duration of agy|er asesevaiabailiseersdHvs 88 GhnmibamssV el PicCEseresds fro mMViggwiI glement
28 may rema#'n in the second resistiv%ﬁ_tate after the programming current and/or the programming

voltage have'b88h RIELBRiAGES. MRHALL Saefhory element 28 has been reconfigured in the second
resistive state, memieryselersesirndoaiay det s opnfigwieddo thrutisy ecbigiiesfatta yniseme

embodiments, a programming volt may be.applied across bitline 22 and wordline 24 so that bitline
75 is atld highek BEEhARAHEAT oI 2 ARl AR ATV RLSOES WY be Severed
2009/142881Cd 412110p/01 P4 asneleetria dieltoviay. exRicaerans ehgmiang ele@ent 28. The electric
field may be of s g&igient intensity to seyer the conductive bridge formed hy the migrated ions so that

memory elenféhl |§r}%%ﬂﬁb@ BN GHCHNE BL| Q1266 R SSni& bB}ﬂir%ents, the programming

voltage Smayplpe gia i b lts dresanie gimizpdicents.didle oir B2 ehresng Withficeriadoyghimemory
element 28 as a resqﬂlf f the voltage because diode 26 may be reverse biased and may inhibit a
current from H&%ﬂﬂ onT bitline 22 to wordline 24.

15 As was described above in relation to Fig. 3, diode 26 may be
configured so as to enable electrons to tunnel through insulative
material 34. Due to this tunneling, electrons exiting diode 26 via
material 32 and entering material 40 may have a very high energy
level and may be ballistic as was described above in relation to Fig. 5.

20 Ballistic electrons may more efficiently cause the migration of ions
from material 38 into material 40 than non-ballistic electrons. For
example, a programming voltage used to program memory cell 10
may be lower than a program a memory cell having a conventional p-n
diode since diode 26 of memory cell 10 provides ballistic electrons

25 having a higher energy level than non-ballistic electrons provided by
conventional p-n diodes.

In schematic electrical diagram 14, diode 26 is shown between
bitline 22 and memory element 28. In other embodiments, diode 26
may be additionally, or alternatively, provided between wordline 24
30 and memory element 28.
The embodiment of Fig. 6 may be fabricated as follows.
Initially, bitlines 22 may be formed over semiconductor base (or
substrate) 12. Bitlines 22 may be patterned utilizing photolithographic

21



In some embodiments, multiple conductive bridges may be 10 present and each of the multiple
conductive bridges may be severed at a slightly different voltage level. Alternatively, in some
embodimen¥OtROYHHE8ttive bridge may be severed by a programming cuReMURBWiMeHAsH material
32 through material 40 into material 38. 15As was described above in relation to Fig. 3, diode 26 may

be configuregh FORSIS RYRIRICH & iSHblenaet Rsaue prautaive maierial b rRue dedhis tunneling,

electrons exiting digde 26 via material 32 and entering material 40 may have a very high energy level
and may be RERH Y4 &Sscribed above in relation to Fig. 5. 20Ballistic electrons may more

efficiently cause thegpuipgdigne iRnsdTArR MatesipbB% iv@araieres vt thaatserxbalistiv elestrons. For

example, a programming voltage used to program memory cell 10 may be lower than a program a

memory cell &GS BorlRficHaHH Bl S GlRE O ROTBRIFHIMTY el 16 HrilRGeSBEMstic

electrong 25hayingsa RigBRItENRIAY EivR] thas npnfealiniig eleetrane sRvided byDieaentional p-n
diodes. In schematic electrical di%%ram 14, diode 26 is shown between bitline 22 and memory

element 28. IAIGIRG BMBARIREAsS idha Y8 e BESIUBRIGHIRS D AR LR ANEVRRA S Sween

wordline 24 ARG BETIEYSIEMESt 2hd théRerITieediBEDR I ATty § Avtohenfahrigpted as follows.
Initially, bitlines 22 ma%/Bbe formed over semicondEctor base (or substrate) 12. Bitlines 22 may be

patterned utiFRGPFOBRTPAR WA 9H8H1GI88110cH RIS 1ES HFGLEALiIFE A one or

more etches ig Pages. bitineonaiesial bydianliglitdiRfdeesicleciribsagueridy, 3ufifst davgl at diode
dielectr%c material 34 WhiCho?aé beas ?,ck of mul i%l.e dielectric com OSitiOBS’de'r%" as diskc]:ussed
Babove M relGHOfSPOHYS1 0% G WREH VSR REDIRHLD &S10dd Some embodiments, thie

diode dielectric material may be left between the bitlines rather than
patterned to be only at cross-points of the wordlines and bitlines.
Diode dielectric material 34 may be deposited with any suitable
methodology, including, for example, ALD.

15 A first level of electrically conductive diode material (i.e., a
diode electrode) 32 is then formed over diode dielectric material 34.
Electrically conductive material 32 may be formed in the configuration
shown in Fig. 5 by depositing the material and then patterning it with a
photolithographically patterned mask and one or more etches.

20 Memory elements 28 are then formed over electrically
conductive material 32. The memory elements may be formed by first
depositing material 40 over material 32 and then depositing material
38 over material 40. Materials 38 and 40 may be patterened utilizing
photolithographic processing and one or more etches to create the

25 shown configuration in which memory element 28 is only at cross-
points of the wordlines and bitlines. In some embodiments, materials
38 and 40 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

30 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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dielectric material 34 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 configuration
shown in Fi§V82M%#Elembodiments, diode dielectric material 34 is only RCTHEP3LRBHMSE of the
wordlines and bitlines. In some embodiments, the diode dielectric material may be left between the

bitlines rather than [iggasLiee o0 SleTp8iRRIBISHbHE wirditercansd hdinesy Pigisddelectric

material 34 may be deposited with any suitable methodology, including, for example, ALD. 15A first

level of elect/iRafi§ dBhdMEMPHLELGTREEI @BY MAHIENG SR PR IRITRGHSHRE over diode

dielectric matgyiigk 34 dpetrieabitieenduetivenagietial d2say e reed s ihe carfitaration shown in
Fig. 5 by depositing the material and then patterning it with a photolithographically patterned mask and
one or more BEREBAFANGIR) aateral pialarmesstinal bRdreteetiMANIaERE Sriferial 32.

The merpory giimesdsnorRyms.formee wfisshdernsiing )atesal dRierersnasrEahdzy,and then

depositing material 38 over material 40. Materials 38 and 40 may be patterened utilizin
photolithograf)ﬂmBFb%%s%H&aolﬁH%ﬁ@?ﬂ’ﬁ’i@fecgﬁ&ﬁeéid%@té%@Qwamﬁe&ﬁﬁfﬁﬁt%%mﬁtwhich

memory element28risaryicalieross-points of the wordlines and bitlines. In some embodiments,
materials 38 and 40_may be left tfetween the bitlines rather than%)gct&gerned to.be only at cross-points of

the wordlines and billA8< N WFQ EfBFMRITME RRRL R ISIRAE PEISAL GAHE I Melements.
The wordlinegnatetigd neayrhe peltisited aeransshenvtings and spasesriwees tedglines, and then

patterned utilizing phqtolithographic processin d one or more etches to create the shown
jomoty s B ol R B R i
2009/142881p& Bitie2&ADIX 24680 0 siubshaurniievels et bitlurs.idiogel diele dsic.sensloipyive diode
material, memoE/ elements, and wordlines may. be formed usinrl%i%Jf sequent iterations of the

above-discussg Spﬂ}cagﬁ%% ﬁé{ﬂt&i ﬁyva% g@ibﬁfﬁﬁlﬁhg{e r Q/esrﬂggﬁy-stacked memory

arraysto  composition as the diode material utilized for the memory cells at the
other level of the vertical stack.

15 Fig. 6 illustrates diode 26 provided between the bitline 22 and
memory component 52. In other configurations, including
configurations in which memory cells are stacked as discussed above,
diode 26 may be provided between memory component 52 and
wordline 24. The fabrication process utilized to form such other

20 configurations may be similar to that utilized to form the configuration
of Fig. 6, except that the conductive diode material and diode
dielectric material may be formed after formation 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

25 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.
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5 desired heights. In some embodiments, the vertical stacks may comprise at least 3 memory cells, at
least 10 memory cells, or at least 15 memory cells. The vertically-stacked memory cells may be identical
to one another, or may differ from one another. For instance, the diode 10material utilized for memory
cells at one level of a vertical stack may be different in composition from the diode material utilized for
memory cellsias moetienlexghetgsvertical stack; or may be the same composition as the diode material
utilized for the memory cells at the other level of the vertical stack. 15Fig. 6 illustrates diode 26 provided
between the bitline 22 and memory component 52. In other configurations, including configurations in
which memokyAeieneey seltketiRitsigcussed above, diode 26 may be provided between memory

component 32foNPEd R I RIiggtion process utilized to form such other 20configurations may
be similar to that utilized to form the confi?_u_ration of Fig. 6, except that the conductive diode material and

diode dielecfil MRS HRISHAHFT BHEPSHANEIBN of the memory elements rather than before

formation of aheecoechcoydkletime msidnatedmdher embodiments, the orientation of the wordlines and bitlines

in the 25 memary; gells Ay RRFUEISAE (79 IaALRawIrdings are HYsLhsRiingRYgRd the diodes may

be formed either between the wordlines and the memory elements, or between the bitlines and the
memory elefMéfREal T8 invention claimed is: 1. A memory cell comprising: a memory component
comprising: afigeéinendsiiuacmatenacemptisiog goneial eostigoribleonsudtiveemaientilcasad an oxide
material betfr SRS LURL SRNAYGH VG aRLe rt'@lo%fgaﬂjﬁﬁs Sﬁ&SWHa?é’ﬁ‘éﬂ‘&EWee{égéﬁﬁac'é%‘ fyaerein a
resistance of the memory component IS configurable via a current conducted from the first conductive

material throigietigd BadeHeMtRiNgcStRECKREE dh §atseRr eaveriatien ofibecmetahfreamibastiicient to
cause electrgppiglistianphisiematiHecsridbefigrg@nductive material into the oxide material.

2. The memory cell of claim 1 wherein the memory cell further comprises a diode
comprising a first electrode, a second electrode, and a dielectric material, the diode
being connected in series with the memory component so that a current passing through

the diode also passes through the memory component.

3. The memory cell of claim 2 wherein the first electrode comprises a first metal and the

second electrode comprises a second metal different than the first metal.

4. The memory cell of claim 3 wherein a first work function associated with the first metal
is related to an amount of energy used to remove an electron from the first metal and a
second work function associated with the second 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.

5. The memory cell of claim 3 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.

6. The memory cell of claim 3 wherein the first metal is one of aluminum, tungsten,

molybdenum, platinum, nickel, tantalum, copper, titanium, tungsten silicide, or tantalum
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2. The memory cell of claim 1 wherein the memory cell further comprises a diode comprising a first
electrode, a second electrode, and a dielectric material, the diode being connected in series with the
memory component so that a current passing through the diode also passes through the memory
component. 3. The memory cell of claim 2 wherein the first electrode comprises a first metal and the

second eleckmeigeanipiisasdosranethmesadiddfergdhthanabmiighmebakteh, FigyBemany, cell of claim 3
wherein a firsfa r%hqf%ri‘&ti?q as s%cr{qatgd wéth ttlpa% iﬂﬁ’t mgta{ i% re Igt ed gcr) an tamousitI ?éﬁenergy used to
remove an electron from tHe Tret Thetal ana’a Second wWork Tuncton aSs6tiated with the second metal is
related to an amount of energy used to remove an electron from the second metal, the first work function

being |0We_r W%éﬁﬁéﬁ@%{‘@ewgf KlBi#'ﬂCii%r%inTﬂP-% H?@tﬂ@qycﬁ_ﬁﬂg(éfrélﬁgbéﬁfdf]@tr @i@&%gimsptric material
has a barrier hi‘t?r greater than both a work function of the first metal and a work function of the second

ht
metal, the b Ser RSP BRINPAUIRHE AR BAVERIHG) it PLALE B O ies BN Etion band of the dielectric

material and a valence band of the dielectric material. 6. The memory cell of claim 3 wherein the first

metal is one ofaiu g El, LASHE R MO WAERIH MeRIRHOLAL AIGKAL TBoHAHIRCRROLL, Hignium, tungsten

silicide, or tantalum suicide and the second metal is a different one of aluminum, tungsten, molybdenum,
platinum, nicRefetheaIfeedise AU EHC0 2 sHItSeR NBFEsntARTHBIRE.: N8 memory cell of
claim 2 whergihi¢heldivders samdigunedrioncandde! iedettnonscitat Are pited oxidw miygpelistic and have an
energy of at(!)%%set %t%ﬁ#ﬁ%)r(%v% 'n?'blT emory cell of claim 2 wherein the dielectric material
comprises at least’one material selec ed from among silicon dioxide, silicon nitride, titanium oxide,
tantalum oxide, aluminum oxide, aluminum nitride, hafnium oxide, zirconium oxide, magnesium oxide,

yttrium |9Xid?3|'m m@%ﬂdfg é@1|i‘|jﬁ-clgin:|r fb?]vmﬂlﬁiﬁ’fk‘@@%:@tﬂ@imha?emQé(?j‘bfﬁ%ﬁ@ﬁ%ﬁ%@ﬁmteria[ (_30m prises
a plura Ity of layers, Indivi aver t yralily or layers nay. Ifferent adielectric compositions
relative to o8l inaMdtal TovelBeT e RIRRIEY ol TRers BRYng e T S 6E SRS Ne s ac
junctions betglaévethedagevsodfaheuptuniine retpodisiesttc matital s looinfy aegliodaorcssutitieirst
electrode angldfiese6a00 Alasiingen 4 Ihsnemen sallyf skisn S aversiningividiil lavers of the

plurality of layers have different barrier heights relative to one another, the barrier heights being related to
energy differMRIES BEIRRSIRT B GRIPBRATY LISPEarILRISF4R9E of the layers of the plurality; and

wherein the plurality of layers are physically arranged between the second electrode and the first

electrode in %d%gf ' ohe i q]a(g' hgeight, a layer of the plurality nearest the second electrode having
the lowest barrier her}lg%t o@ﬁt}ﬁ%e(ﬂp uraﬁ?@ and a layer of the pluralit%/ nearest the first electrode having the

highest barri@hﬁ@i@ﬂﬁ%‘f’%@bl@)‘ﬁlﬁ;ﬁf e ﬁ‘Wé"HYe‘PﬁWé%h ifierantbpeRimeih i selainRIiR tive
material is separaieth&iondhrusre vl BEyBRIAY el aedat aneydhaifxidecaratetiabcansbndietrin the oxide
material is irbginrgsct %)%{ral ccinrlga t\gf’t@]t e firstot%cmgu tivmm%ed'igl and the second conductive material.

12. The memory cell &im 11 Wherein the first conductive material and the second conductive material

are separatedhgyeindiaatisaliy lefde)yersrars NgisabnasranoRdieiveenibs/seshied elaatioteiirdein the first
conductive maiefia QeRNRHEaR DI 6PMRESRIHMEBEYBRIght, a layer of the plurality nearest the

second electrode having the lowest barrier height of the plurality and a layer of the

plurality nearest the first electrode having the highest barrier height of the plurality.

11. The memory cell of claim 1:
wherein the first conductive material is separated from the second conductive material
by the oxide material; and wherein the oxide material is in direct physical contact with

the first conductive material and the second conductive material.

12. The memory cell of claim 11 wherein the first conductive material and the second

conductive material are separated by a distance of less than 25 Angstroms.
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14. The memory cell of claim 1 wherein the first conductive material comprises Cu--Te, Cu--Se, Ag--Te,
or Ag--Se. 15. A memory cell comprising: a memory component comprising: a first conductive material; a
second conductive material; and an oxide material between the first conductive material and the second
conductive material; and wherein a resistance of the memory component is configurable via a current

conducted frognthe fitsinoeporicuveimatenaldiiaua ihg exidadmaienakiarkerapasasiemiaductive material
and wherein the first conduqtlve material comprises a doped chalcogenide. 16. The memory cell of claim

15 wherein tﬁepaoped chalcogenlde Is a glass and the doped chalcogenides glass comprises germanium,
selenium, tellurium, or silver. 17. A memory cell construction comprising: a substrate; a bitline over the

substrate; digleqtrg Wﬂ?'c@}(‘%ﬁ hehitingeremetal fraiesinlRyios Tr'ﬂﬁt@i%lﬁ%ﬂ?pﬂ%@se&@l»ﬁé‘ oxide
material over the metal material; a_conductive material over the oxide material; a wordline over the

conductive rrdtenalAfhd A 2Fesistance of the memory cell construction is susceptible to

modification by a current conducted from the wordline through the conductive material, the oxide material,

the metal mqtgr@lmg%;? é.ﬁl%lﬁﬁgllfél terial to the bitline. 18. A memory cell construction comprising: a
h

substrate; a bitline over the substrate ielectric material over the bitline; a metal material over the
dielectric maieRgmory component comprising:

a first conductive material;

a second conductive material; and

an oxide material between the first conductive material and the second conductive
material; and

wherein a resistance of the memory component is configurable via a current conducted
from the first conductive material through the oxide material to the second conductive

material and wherein the first conductive material comprises a doped chalcogenide.

16. The memory cell of claim 15 wherein the doped chalcogenide is a glass and the

doped chalcogenides glass comprises germanium, selenium, tellurium, or silver.

17. A memory cell construction comprising:

a substrate;

a bitline over the substrate;

dielectric material over the bitline;

a metal material over the dielectric material;

an oxide material over the metal material; a conductive material over the oxide material;
a wordline over the conductive material; and

wherein a resistance of the memory cell construction is susceptible to modification by a
current conducted from the wordline through the conductive material, the oxide material,

the metal material, and the dielectric material to the bitline.

18. A memory cell construction comprising:
a substrate;
a bitline over the substrate;

dielectric material over the bitline;
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a magnetoresistive material over the metal material; a wordline over the magnetoresistive material; and
wherein the memory cell construction has a resistance that is configurable via a current conducted from
the wordline through the magnetoresistive material, the metal material, and the dielectric material to the
bitline.

a metal material over the dielectric material;

a magnetoresistive material over the metal material;

a wordline over the magnetoresistive material; and

wherein the memory cell construction has a resistance that is configurable via a current
conducted from the wordline through the magnetoresistive material, the metal material,

and the dielectric material to the bitline.
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