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[0001] This invention relates to cross-point nenory cells, to non-volatile
menory arrays, to nethods of reading a nenory cell, to nethods of
programming a nenory cell, to methods of witing to and reading froma
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state, the nmenory cell stores charge using the capacitor and in the other
state the nenory cell does not store charge. Since charge stored by such
capacitors eventual ly dissipates, such dynam c nenory cells need to be
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of two or r L , , ,
%081] This invention relates to cross-point memory cells, to non-volatile
memory arrays, to methods of reading a memory cell, to methods of
programming a memory cell, to methods of writing to and reading from a

memory cell, and to computer systems.

BACKGROUND

[0002] Many different structures exist for storing data in memory cells.
Some dynamic memory cells include a capacitor used to store charge for a brief
period of time. Such memory cells may be configured in one of two or more
states. In one state, the memory cell stores charge using the capacitor and in
the other state the memory cell does not store charge. Since charge stored by
such capacitors eventually dissipates, such dynamic memory cells need to be
periodically refreshed.

[0003] Other memory cells may be configured in one of two or more
resistive states used to represent data. In one state, such memory cells have a
relatively high resistance and in another state such memory cells have a
relatively low resistance. Such memory cells may be arranged in a cross-point
structure in which resistive memory cells are located between a word line and a

bit line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Fig. 1 is a diagrammatic schematic view of a non-volatile memory
array in accordance with an embodiment of the invention.

[0005] Fig. 2 is a diagrammatic sectional view of a memcapacitor device
in one programmed state, and in accordance with an embodiment of the
invention.

[0006] Fig. 3 is a view of the Fig. 2 memcapacitor device in another

programmed state in accordance with an embodiment of the invention.
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[0009] Fig. 6 is a diagrammatic isometric view of a memory cell in one
programmed state, and in accordance with an embodiment of the invention.
[0010] Fig. 7 is a schematic representation of a portion of a non-volatile
memory array in one programmed state, and in accordance with an embodiment
of the invention.

[0011] Fig. 8 is a plot illustrating characteristics of a memory cell in
accordance with an embodiment of the invention.

[0012] Fig. 9 is a plot illustrating currents in accordance with an
embodiment of the invention.

[0013] Fig. 10 is a diagrammatic view of a computer in accordance with
an embodiment of the invention.

[0014] Fig. 11 is a block diagram of a computer motherboard in
accordance with an embodiment of the invention.

[0015] Fig. 12 is a high-level block diagram of an electronic system in
accordance with an embodiment of the invention.

[0016] Fig. 13 is another high-level block diagram of an electronic

system in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0017] Referring to Fig. 1, a portion of a non-volatile memory array in
accordance with an embodiment of the invention is illustrated. The array
includes a plurality of word lines WL1-WL4 and a plurality of bit lines BL1-
BL4 crossing the plurality of word lines. The array further includes a plurality
of memory cells M11-M44 represented symbolically by circles. The memory
cells individually correspond to a different one of the crossings of the plurality
of word lines and the plurality of bit lines relative to one another. For
example, memory cell M12 corresponds to the crossing of WL1 and BL2 and
memory cell M34 corresponds to the crossing of WL3 and BL4. The portion
illustrated in Fig. 1 may be a very small portion of the non-volatile memory

array. In addition to the word lines, bit lines, and memory cells illustrated in
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straight lines which orthogonally cross relative one another, other shapes and
angles of intersection, whether existing or yet-to-be developed, may be used.
The bit lines and word lines of Fig. 1 are diagrammatically and schematically
shown in Fig. 1 as touching one another where such intersect, although such
would not be ohmically connected relative to the depicted intersections.

[0019] Individual of the memory cells include a capacitor capable of
being repeatedly programmed to at least two different capacitance states. The
capacitor statically remains in a programmed capacitance state until
programmed to a different capacitance state. The different capacitance states
are characterized by having different capacitance values. In one capacitance
state, the capacitor may have a first capacitance value and in another
capacitance state, the capacitor may have different second capacitance value
that may be significantly different than the first capacitance value. For
example, in some embodiments, the second capacitance value may be a factor
from two to ten times higher or lower than the first capacitance value.

[0020] The different capacitance states may be used to represent one or
more bits of data. For example, a memory cell may represent a “1” when its
capacitor is in a first capacitance state and the memory cell may represent a “0”
when its capacitor is in a second capacitance state. In some embodiments, a
memory cell may represent data using three or more different capacitance
states.

[0021] The capacitor may remain in a capacitance state for months,
years, or longer even if power is not provided to the capacitor. Accordingly,
the capacitance state may be described as being non-volatile and static.
Furthermore, the capacitance state of the memory cell may be repeatedly
altered without damaging the memory cell.

[0022] In one embodiment, a method of writing to a memory cell (e.g.,
one of memory cells M11-M44) may include applying a write voltage between
a pair of opposing conductive electrodes of the capacitor of the memory cell.
The applying of the write voltage alters the capacitance state of the capacitor
from one capacitance state to another capacitance state. Writing to a memory

cell may also be referred to as programming a memory cell. A memory cell
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may be held at the same potential during programming of memory cell M24.
[0023] The method may also include reading data from the memory cell.
Reading may include applying an AC voltage (e.g., using an AC voltage source
2) between a word line and bit line, and therefore between a pair of electrodes
of the capacitor, and sensing current resulting from the applying of the AC
voltage. Detection circuitry 4 may be provided to sense the current and may,
based on the current, determine which capacitance state the capacitor is in and
therefore the value of the data stored by the memory cell. For example, in one
embodiment, voltage source 2 may be connected to word line WL2 and
detection circuitry 4 may be connected to bit line BL.3 to determine the value of
data stored by memory cell M23 by determining the capacitance state of
memory cell M23.

[0024] The methods described herein may be used with memory cells
comprising capacitors capable of being repeatedly programmed to at least two
different capacitance states. Individual of such capacitors may be embodied in
many different forms. One embodiment of a such a capacitor is a
memcapacitor device, for example a memcapacitor device 10 as shown in Figs.
2 and 3. Such show memcapacitor device 10 in two different programmed
states. Alternate and/or additional programmed states may be used.

[0025] Referring to Fig. 2, memcapacitor device 10 comprises a pair of
opposing conductive electrodes 12 and 14. Such may be comprised of any
suitable conductive material, for example elemental metals, alloys of elemental
metals, conductive metal compounds, and/or conductively doped
semiconductive materials. Electrodes 12 and 14 may be of the same or
different thicknesses. An example thickness range is from 3 nanometers to 100

nanometers. Further, conductive electrodes 12 and 14 may be of the same or
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[0027] In the context of this document, a “mobile dopant” is a component
(other than a free electron) of the semiconductive material that is movable to
different locations within said dielectric during normal device operation of
repeatedly programming the device between at least two different static states
by application of voltage differential to the pair of electrodes. Examples
include atom vacancies in an otherwise stoichiometric material, and atom
interstitials. Specific example mobile dopants include oxygen atom vacancies
in amotrphous or crystalline oxides or other oxygen-containing material,
nitrogen atom vacancies in amorphous or crystalline nitrides or other nitrogen-
containing material, fluorine atom vacancies in amorphous or crystalline
fluorides or other fluorine-containing material, and interstitial metal atoms in
amorphous or crystalline oxides. Mobile dopants of material 16 are depicted
diagrammatically by dots/stippling in the drawings. Density of the
dots/stippling in a given area/volume in the drawings indicates degree of
mobile dopant density, with more dots/stippling indicating higher mobile
dopant density and less dots/stippling indicating lower mobile dopant density.
More than one type of mobile dopant may be used as part of material 16.

[0028] For material 16, example dielectrics in which the mobile dopants
are received include suitable oxides, nitrides, and/or fluorides that are capable
of localized electrical conductivity based upon sufficiently high quantity and
concentration of the mobile dopants. The dielectric within which the mobile

dopants are received may or may not be homogenous independent of
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18 and being impervious to location-changing-movement of any dopants
inherently therein. Material 16 and barrier dielectric material 18 may be of
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least one different atomic element. In one embodiment, mobile dopant barrier
dielectric material 18 comprises a metal oxide and the dielectric within which
the mobile dopants are received in material 16 comprises another metal oxide,
wherein a metal element of material 18 is different from a metal element of the
dielectric of material 16. Regardless, example mobile dopant barrier dielectric
materials include at least one of ZrO,, Si0,, Si3N4, GeN, and SrTiO;. In one

embodiment, the barrier dielectric material consists essentially of
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embodiment, no other material is received between the pair of opposing
conductive electrodes 12, 14 but for material 16 and mobile dopant barrier
dielectric material 18.

[0034] As illustrated in Fig. 2, memcapacitor device 10 may be
schematically modeled as a capacitor C1 and resistor R1 connected in parallel.
Although barrier dielectric material 18 effectively prevents DC current from
flowing between electrodes 12 and 14, memcapacitor device 10 may conduct a
very small and insignificant amount of leakage current. Resistor R1 represents
this leakage current. Capacitor C1 represents the capacitance of memcapacitor
device 10 in the Fig. 2 programmed state and represents the combined

capacitance of semiconductive material 16 and barrier dielectric material 18.
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dopants may conprise a conbination of MN and AINi, in at |east one

programed moase dependi ngaM 3 Qepil Qﬁb@éapmeornuwl@@em macmacmf%r@lrﬂd t he
quantity of the nitrogen vacancgjes in the |ocations where such are

recei ved. IHShBr@rHBErHetics nhtger drere ey givpatsas crpusle kghcanci es
as nobile dfa@aat@cmyat@@m(rjﬂ@ez @egftmamaiaquﬁxﬁwgr%paa@bnwgFsza_te iFor at Igast
one progra tate depending on | ocatio t he yor j ne vacanci es an
the guanti t%i‘aB]rP?et At p d‘garyl ‘hée ’\gi‘gl?é‘?u?f“éfs%i‘%rz%‘eplFtéd‘é*ttFrdﬂsl efT"BUthear e
received. lmgne Enhadi IeRthicl hee nabidce:rthopaint 3e@@mpw Sd&ffaﬂeut’ﬁaﬂblmgat om
interstitials |nt a.nitro ep contal n| ng materlg U% g 16 may be

of any sui t@BFEFHIWK s OPHEL PR e BSBERdSAt 6?{“?1 803(} 81ti Bn of t he
dielectric, s1gjqn®1narttln5elmerrpquntmtyamfoﬁolilteedmmnd ﬂledﬂ]ﬁa‘ﬁltCB thamﬁb’gﬁxrn apan t he
quantity Ofef% C?IVE‘, l lec?lpangs | ugattlterof moblpe do an{Tp reatt rh{h%kl}%fsses i ncl ude
from 4 nanonsters toYEEEAGne erd'and 9 ntone € nt' a ‘tHickhéss no
greater thamr waﬁlmaﬂgmmﬂas 10r{g0£h’3ﬂe]gh®t 22 inmly ﬂaactusn al ﬂrmlbalbcand@pamltybar rier
dielectric h nou

dopant bar rﬁ% %dll gﬁ’ec Pl?qczd;g%{e” aﬂl%ﬁeglg %fiﬁrvgr@ erﬁoggem%%oﬁl ift fnnwgﬁfshed
from the didlpgctsrihen why kbneamataepi alf siéh pythpotéeibeizAg Anmmro‘bll@uﬂ@pams novemnment
of mobile dapante LAnu Lhe M o ygalk 3¢ and. %hngzlmagrxf O3y Ly b

| ocat i on- changi ng- novenent of dopant s i nherentl her el 1T, terial 16
and barri erhadhedeaetsly cdlmbetﬂlda\h’ﬂm@ thayrebjescofve dﬁglf)er%hpr ednphdedardless.rel ati ve
one anot her,.whj,Chyiis Alchifas! SRAIRSLEEIGES, Ryrealydi8anh di fifiaregnt
atonic el ement . I?] ‘one Cetl ﬁﬁr(r:ent m)blﬂ? 9%opar?t \f) ?IlﬁeF el ect%ec

mat eri al 1800(15@%11‘{65@@39“%1?1&13“@@@ Ble azaoentritia of wetariak 1% i is2igni Xh t he
mobi | e dopap} Sth@r&h&e‘ﬁ%d/ef%ghéh yat Fsr bRlecBc GRERD SRRI;ANQS NRE JTRIcAly e OXi de,
wherein a netal element of material 18 is different froma netal element of
the di el ectdiFlecfc ikarisat! mebilgaepmngpagisr deslestir énateibdll 18- dopant barri er

dielectric poseri al SR'ebehHQet@tFlgeaﬁ twem%ﬂezr@%anél QZe Do, toG%b\l and
SrTiG3. In one enbodi nent, the barrier dielectric material consjsts

essent i al | ySUbHcicatpreast wehrquehput alf obmiptraial d gsueh dipbhe endire faickgss o

combi nat i onnefeoZr Q2 caauidnyi Bcur[QOI2LbdRkival 1Rcandin@DRi bee dopamt barrier
dielectric material 18 nay be of the _same or different thicknesses relative

one anot herSOPHUEhY &ABYdS OﬁeﬂFCtr?ﬁﬁﬁl geﬂb‘ﬁéﬁtc%é?l futey g eoatipgttomgferial 18
is no thi ck@atehmnlmrﬁr ial Jf&.rthaa,d it NuoResterb e yrandbids P bhgick hi nner

than materi n one bi | e dopant barrier dielectric
mter i al - 1B RS i BT alanEOBNTHSS ¢ A i 88 “FEBE HaEEr e PBG Ly

nanomnet er s, coaddctiive ea]ﬁceaﬂ)eldbmms rQaSncam4eqmevaJyemhe pid gileminlatl ckaress no
greater th 1 nano ters. 0 [ do ui val ent
greater L noi L0 RARIRE S5 ikl 1SRN Bitei0l it i OTHIS e SO o
woul d need may bem@ oIt <be|th@motghmolsammsdueitecttlrro@gl@ﬁlf eciter&d 1bhe thobigd.e dopant
barrier di e egérl c_materi al be| ng s d. ere tr'&ﬁas dl}fe e(gllppant %a}rrl er

citance  stat It 61‘ a .1 S€1€Ct
dielectric i afPHei ng uséd is un si'FFEon & oxi érial of

equal per m grogantnyed oapalaatanm stan:@ldwadn@ |0k iigcddicoxiode hlgl’m@t ée«lqdw\v@sltent
oxi de thi Ck&ﬁ%éuan% dstétQ?e éﬁag' B{Qgﬁl%v&f 16 MROL! 6. 4PR30L:RALL; & 161§l ectric

mat eri al bei
characterlzed at least in part by retaining its programmed capacitance state

after the act which provided the programmed state is removed.

[0037] In the Fig. 2 programmed state, memcapacitor 10 has a lower
capacitance than when in the Fig. 3 programmed state. In other words, the
capacitance of memcapacitor 10 in the Fig. 2 programmed state is lower than

the capacitance of memcapacitor 10 in the Fig. 3 programmed state regardless



[ 0033] One of sem conductive material 16 and barrier dielectric material 18
is closer to one of pair of electrodes 12, 14 than is the other of

sem conduwwOi2oe/mwat3gri al 16 and barrier dielectric materiPall/tt8011/023190
Correspondingly, the other of the sem conductive material 16 and the
barrier dielectric material 18 is closer to the other of pair of electrodes
12, 14. In the depicted enbodinent, nmaterial 16 and nobil e dopant barrier

diel ectric dmdeimédntld @bel 2 oityShdalytRehipasisOoM acinbityBn @nanot her .
Further in the depicted enbodi nent, no other material is received between

the pair of“dppbsi W Leharet@pectr ddt Soydschiegeds payiplys drargrge @rifdlly 16 and
mobi | e dopadtarfair ddt@iniféethechhiee stat SF indmchBacild@034bdsdddsInstrfatetei n Fi g.
2, mencapacitor, device 10 may. be (?cg%nati cally nodel ed gs a ca acitor C1
and resi st oP*PRAIOGRMS P ERCIPACHAT 571 €MUS A RGBT D rise! Paredre ST o mat eri al
18 effecti wakunpiuayentcialde urdlgnield mgm thpwitog abetgveanmeheat iodes. 12 and
14, menctapacitor device 15) rra% co(r)}duct a very rS]Q?all an]gi i Nsi Qi%i cant
amount of | eHREHE Curt hEY TRESPSEGFRE P aPESE it sSPht s ﬁB&‘ké{g tr Pent.
Capaci t or Qapaciepriesepibse b heoldapack i@dhee odthadEnmeapaaict drthdewpaeeol0 in t he
Fig. 2 prog d state,.and represents the conbi ned capacitance o

sem conducti 08Tt or o BRFuFERLERS M Gp SO AR BPREH S 5 Ry

2011/ 1001 38LaTNWS201M0232DAs [a00PBGiFrgS2 aRd arsdst3r Hepioohedredrapaelltior devi ce

10 in two diyffere i r.ogr. es. Fi di agramat.ically
depi cts an Sxaier R piyhtifs BLOGUOMRCIALER ol o Rl RGRATIPLLERL o
| owest capall tmteeligt dtppogRormek arpl endamdy e thayaof, evanpdrehighdrythafi g. 2

depi cts matgf io?'F]jgfl@.a@aﬁé%%E & &gre!sg&is‘%% c#%h oA cefm@fb?éqéig%g%aacﬁt%r %Q%%@.Ct eri zed

by respective different average concentration o pant s. Regi on 22
di agr ammat i Khlih yheHagws 3aprortpmihied ammte.y whimhers tpuaat fhap 61 ofobigd € dopant s

therein SU%PIQQﬁtsrtﬁeQE&HR%gdicﬁ RhifaGEL bY 8l i Bl #VEGhkGa1 ROTR BM@RLT ty of

mobi | e dopants greater than zero may be within region 22 as long as region
22 may functiflsatricnmategipbl®ctri c capacity. Regardl ess, region 20 has a

sui tabl e higgy| aver age, cONCRNLLahpRN HhciBLIL G AIPARERILNID cBP¥eitor
concentration of such within region 22. Any nobil e dopants received within

ei ther of rdgftenies0 2ornd dficgnh zontalycsently Abclytemdndlgemsndiaying 8t ri but ed

within the heKRE&!dVEnLRIhQBs20MBbil€dop iR Baf Gl B Slccli €A 08I iS 710, _
el ectrically conductive, thereby effectively providing a thicker conductive

capaci t or g gdehisfnesscShbd n2ANCBK IS matdHFatdutdvangaicsigi ol 20. 20on t he

ot her hand, cdn@g@habn28r T80 iRl RS, Gnd has ey vaddi Mgckn@sd b4 ahhegtieve
dielectric thickness of npbile dopant barrier dielectric material 18.

[ 0036] Ref er'® Kig-to HRHN 32 haner Abiskres dpanta@ogelrs iddnist ibsehebes ci ent | y
recei ved t hvuougbeuy 1&dsl theh smatiefi akygk@ wdéeficitdam’ theclendidess tdriekness

non-conductive. Region 20 has a thickness of 2 nanometers and an overall
average oxygen vacancy density sufficiently greater than 5 x 10'®
vacancies/cm’ which renders region 20 conductive. In Fig. 3, material 16 may
be considered as TiO,; having an overall average oxygen vacancy density
sufficiently greater than 5 x 10'® vacancies/cm® which is sufficient to render all
of region 16 to be conductive. Overall average oxygen vacancy density in
region 20 in Fig. 2 is greater than that in region 16 in Fig. 3.

[0040] The respective capacitances in connection with the Figs. 2 and 3

model may be characterized as:

= A

where:



thereof is essentially electrically conductive. Accordingly, one of the
conductive capacitor electrodes effectively constitutes the conbi nation of
mat er i al sw020a@0®8. Furt her, in such state, only nobil ePdomat11/0231P0 er
dielectric material 18 constitutes all of the dielectric thickness between
conductive capacitor electrodes 12 and 14. Thereby, the programed state of
Fig. 3 has higher capacitance than that depicted in Fig. 2. The nobile

dopants may or A tﬂ@tdeb@eraglsmg@ﬂ@@sl y distributed throughout material 16
in the Fig. 3 high ®apagi draeeroitauexpuidd@rmandar egar dl ess, different

sel ect abl e programed eapaciitadE tmaséradl 6% dayendiLel blyrlregll@deQl on to a highest
and | owest capac)iameseshatiesy RynapgiAalgi eved. Regardl ess, nencapacitor
device 10 is chayachefrhizeesabfk@ast 22n part by retaining its programmed
capaci tance st atceisaht efiickit8s acimacktiath gprovi ded the programmed state is
removed. [0037]1n the Fig. 2 programmed state, nencapacitor 10 has a | ower
capaci tance[()l)hah whemht Riitfbe@nFipgogrampredgit anieghysbat@ainked ot hgylicaods, the
capaci tance state is.|ower than

Rt TR S i T R R BTN M e i p ot O

regardl ess @tcianicarduntd of4,chathges acdsueibtd 1Inelsdubyv nemahpactid onisdiOgat any

gi ven nonment | n tor d rgdally
char ged, or™” Tllmrge Wﬁt&%&?%ﬁ@@‘g mug’n aey %{ﬂ&g{ \PO 9§ a%gc%it or 10,
but does nﬁoraéﬁaaqtletdr@ec@pgmnoandargﬁ oﬁﬂm:apzbdbtdmpam@ sﬁlihab$¢ pohidivge st at e,

as used hergi,. & ?rfv&?agteggoéfﬁ“%”&rp 9feaG0RL98, dé%‘ﬁ%%?éa%d@?#&'agé( 13 (Gapaci tor

at a given nonen as use , to a nunber
of coul onbscaper thmmpbtlﬁéopalteapa@|attoerct¢dstocalpaflpleée<b1fr0hmbnl¢ nf coedatidk ess of

the charge fiot r i b G0 35
nencapaci toer?15 Feo\qlilegel 21%1%0%:@%@% b e 5%%%6@:& @H@B%g&é?&e? grégsaz
capaci tor CGdahbeingsiigingd alf:@r d@rmeétae@mnlg ywaeat efereRediistonowR2. r epr esent s

the insignifgogant | eﬁ‘é@ﬁ%le%” he&te %bé@fﬁ%ﬁpé%etn%apg&\/drc&v%& éd?nﬁrlfk%s Fi 9 3
programmed state and nay be the sane, |lower or higher than Rl of Fig.

Capacit or CRP#epf €8RS PWU@&rﬁ&@ie{C&ﬁé@S der ermlpaendwitivdeliccewden 1?2n t he

Fig. 3 programedstigle wWithebrih® 4r8h8&%ivddaftweln Qhe & Eﬂom apglidcarEesent s
t he conbi ned capacitance of sem conductive materi al barrier
di el ectric shegterdes) Opg of the materials comprises a crystalline semiconductive metal-

containing mass that is overall stoichiometrically cation deficient to form
mobile cation vacancies in a space lattice. In one embodiment, the crystalline
semiconductive metal-containing mass is a crystalline semiconductive metal
oxide mass. The other material is a barrier dielectric material that is in
physical touching contact with the crystalline semiconductive metal-containing
mass and that is impervious to movement of mobile cation vacancies from said
mass into the barrier dielectric material. The semiconductive mass and the
barrier dielectric material are of different composition relative one another
which is at least characterized by at least one different atomic element. One of
the semiconductive mass and the barrier dielectric material is closer to one of
the pair of electrodes than is the other of the semiconductive mass and the
barrier dielectric material. The other of the semiconductive mass and the
barrier diclectric material is closer to the other of the pair of electrodes than is
the one of the semiconductive mass and the barrier dielectric material.
Example materials for the crystalline semiconductive metal-containing mass in
this embodiment include those described above for material 16. Example

materials for a barrier dielectric material in this embodiment include those

10



[ 0039] As a specific exanple capacitor device 10, conductive capacitor

el ectrodes 12 and 14 each consist essentially of el enental

pl ati num havi ng

a t hi cknes® 20fr/orsanonet ers. Mobil e dopant barrier diel ecrius2omoesip@l 18 is
Zr02 having a thickness of 3 nanoneters. Sem conductive material 16 is a
conbi nation of Ti2 and Ti 2, and has an overall thickness of 4 nanoneters.

In Fig. 2, region 22 has a thickness of 2 nanoneters and i

s TiO2 that has

suf fici entlyest€s& tabait FoX bARI8 Gxygan: vaaansl &S/ coBenhiiGidbut&ndeisisr egi on
22 non-conductive. Region 20 has a thickness of 2 nanoneters and an overall

aver age oxyﬁ’é‘?f“\%‘&é%%‘?zy HRASGe YSUTF 1 BHEP 1Y elathare fsgHbed RPayspyith

vacanci es/ %Bpa@htd:mer&ad@[eserﬁsgdlﬁﬁn?sche@an@aﬂcmtneefekdthlt@Flg?s omatierial 16

may be cons ﬂ ed as _Ti Q2" havi ng n overall average oxyge cy density
g; S G

kat er XFHAH"S VACHHEF 6P RNRO R RHN O™

sufficientl

t to

render all mleuraegmmciﬁadlmbe 1ﬁandlﬂg ivgrogfdmenad ktadyBrifigerr axy gen tmacancy

d t t th t hat
100401 Fhe ratBlRetie eyt inaduil vk RuRrld T Ot gyt

|onvg7g\;g Flg 3.

nodel may be Eﬂgarla@herdlaoeﬂ)dasm mahereed b@ lise tdig., dmmcffealcapas:Btlaance)fA | s the

area of el glg;g 18X osegl11 (8 (T rrat eri al%%ﬁ.l 1\|7—}4 |% e . rr’qeC mg t1¥ of
har'a

mat eri al erlzed y reglo

fie permteivity of material

18. t1 is tiey 1bh|aclkln®ss (ofk..reegi d@rbiRBnes B1iB4 bh@lg Hi)cladedectofdentplt may al  18.

be a word line (e.g., one of word lines W1-W4 of Fig. 1).

[0044] Accordingly, in one embodiment, Fig. 4 illustrates a cross-point

memory cell comprising a word line 12 extending in a first direction and a bit

line 14 extending in a second direction different from the first direction. Bit

line 14 and word line 12 cross without physically contacting each other.

Memcapacitor 10 is formed between word line 12 and bit line 14 where such

cross. As was discussed above, memcapacitor 10 is capable of being repeatedly

programmed to at least two different capacitance states. The capacitor includes

capacitor dielectric material 18 configured to prevent DC current from flowing

between word line 12 and bit line 14. The capacitor further includes

semiconductive material 16.

[0045] In one embodiment, word line 12 or 14 may comprise, consist

essentially of, or consist of platinum. Semiconductive material 18 may

comprise, consist essentially of, or consist of TiO, and TiO,., and may be about

50 nm thick. Capacitor dielectric material 18 may comprise, consist essentially

of, or consist of ZrO, and may be about 3 nm thick. Bit line 12 or 14 may

comprise, consist essentially of, or consist of platinum.

[0046] Referring to Fig. 5, memcapacitor 10 of cross-point memory cell

40 is depicted in the Fig. 3 programmed state.

[0047] Referring to Fig. 6, another embodiment of a cross-point memory

cell 42 is illustrated.  Such comprises capacitor 10 positioned between

conductive lines 24 and 26. Line 24 would be a bit line or word line of the Fig.

1 array and line 26 would be the other of the bit line or word line of the Fig. 1

array where respective pairs of such bit lines and word lines cross. In this

embodiment, the capacitor comprises a first electrode 12 electrically connected

to conductive line 26 corresponding to the individual memory cell and a second

11



[0041] The different progranmed states may be attained by application of
respective suitable differential voltages relative to conductive capacitor
el ect r odewOR2B11zam001384, such as described in Strukov et alPCT/USh@1m2386 ng
menristor found", Nature Publishing Goup, 1 May 2008, Vol. 453, pp. 80-83.
For exanpl e, dependi ng upon charge of the nobile dopants, suitable positive
and/ or negative voltages could be applied to conductive el ectrodes 12 and

14 to causetheod®hi tRcHRPANtSNhEHE (@bi@Ltifd 11R Df c68Pbhes of bom:one of
conductive el ectrodes 12 and 14, with the_ depicted exanpl e programm ng

states of FRgyidunl dpgmerypesilhg it ealFﬁté%deaHértayt]Pf’evep?rlfg? it Voictdde
di fferenti adongositesiomeddiffef 804 ckRagandt essductife one BTONdoRB /M ec@rode

oo e Ve KBRS gt oE oM e BERF MG O BRGS0 T
exanpl e con
recei ved beton@eqtitch&ino@posiHigt condtdt i Me nelyebt rnodas. satikecafpiieomateri al s

conprises a crystal segi co ctive t al con n mass that IS

overal st ieHlang FhEgnry et e I hBY 5P b M 08 FEm2aviBh % acanci es
in a spaceddﬁﬂmenhhm2¢nd«@mhﬁdmnemmnphheq&mwsbahkkﬂemseﬂn&ﬂadunmsve

met al - contakplqglfq9€l N sta ehﬁﬁl ng&ggqgctlve nmet al oxi de mass. The
other material 1s rrier i mat' &t “that is in physi cal

touchi ng cold8l wi tin btnfeemby@tmalnt i n@edeli ddgmdgremnvieg rehahegoclinay Ng mass
and that is | rYLR o] v nt _of b| I n.v nci my sai d
mass into fﬁe barPPgrgﬁlgﬁggﬁﬁﬂggealoss “mmiﬁe se%t 6ﬁ§§b$ﬂ§%yﬁ%§s and the
barri er di el eotliiecofmamoralkeldrd®/4f. Wemfay antl HBHdosiyt inolnde el edpavgonne

anot her whi r y i fiferent.,atomc

el ement . Cﬁgpo?§mﬁﬂié2%?%%ﬁnﬁg?%%§kﬁéggvgndﬁ}ﬁégﬁb{?$g§ %ﬁg%ﬁgfgfcgnaterla
is closer tworipneoltizet the cppiqitapte ef gt rapdetortinghangsdtfhem atfiver vdfic the

sem conduct{\g, {1agtc AMthe! A8RAVLHEm Y B GEILLCRL #hd Bhs I OLBAT 2OF {he
sem conductive mass and the barrier dielectric material is closer fo the

ot her of t heethai Auighergpeladeofarovibgihe sritcheolpge fofm pbpevesarhe divadbinFve nass
and the barfjsefhcdiiehige! rife fRblthidle. stX@IMR fniMalLhd @leSscbOLd EE‘t%eQﬁbé%t al l'ine
sem conductive netal -containing mass in this enbodi nent include those
descri bed dBevempune watls valte 18agxanpl e materials for a barrier dielectric
material ingohop erfb@%b[gﬁﬂ% thOGludeydin@semadeacsd hrdilabepanfsol RakE er
dielectric materi al er attributes in this enbodi mrent may include any
one or conbViRin GHietREEe TS 4P irpedysolriaewt th Vewhleg atfbtfteh‘ét dRanml e
enbodi ment siod@sChoBad dbhit BLFHEF 8REQ O nfalt@$al 13 @0Eiv3d bEAR43] mBRefRAring to
Fig. 4, a single cross-point nennrﬁwcell 40 that i ncl udes nencapacitor 10

in the Fi g.l'% prbHicamrdiesiodnercase the pperisaneg. of) e tapacersyp elotver

el Sct Ir ode %pHGYanbe sBatWab ch higlﬁer (cq;agltan@nﬁaet m&ttohum&thhaéMmfanEl g. 1)
and el ectrode 14 nes Bl-B4 of Fig

O i th raHBP Y Bt S itnbisd ot TAENAE N (B HATSFY: BIBRY Hotle 13 may
be a bit | maem(ve @he, ailtRerOfvhhuht isl AtNRastBdhaBdctofizdd gy al)leandnel @cferade 14 may

be a word line | i nes

[00a4] Accortin i §eeh oNEo bR et Srigleetts Friscief 18 dicentpodielda ne
nmenory cel | mobitprbsinng f@nwarodilg neo hzotebetmmmnganrreradléuemtc Maueeet |181n and a
bit line 14% ﬁ‘t end| n Or%t . VO{:tond | rect %derhgrfte ent romothF

direction I |pr?ey reEgi ne ©12 “Erosst Wit houtb? ?y cont acting
each ot her. vd\l/bugnapm@rltsmapfp@ymg tlﬁ@wmﬂvbl@etgmefenlmnlmbrﬂ l(memmosmdndﬁ t line 14
wher e such d ahov citor 1 | e of

bei ng repea e§ﬁ§ pr oé@%%?g&%%% eg%t %tr%gevggq%fggr%%f bceaglaigl%t gﬁgggstat es.
The capaci tidewevie!l adies seigghde vbbrgeditbhtectup¢ thermbbil¢ dbpdBs compivguvigdnt o
prevent DC Gufit St lilOMat! PG RELVEER NG Ad 081 qta? bl f4. The
capaci t or furtlﬁer Fr%céf) es semgcondguctl?cve teér:aa ;“%é 6% rJrlu on%

enbodi ment ,lowsr thaninkH4:2 or 14 may conprise, consist essenti aI ly of, or
consi st of pioaij num SEELEAANEL YO RUAL BL rdhBruliRYo GOMPRLSEri1CORRkS!
essentially of, or consist of 2, may be about 50 nmthl ck.
Capaci t or oﬁnélltéetﬂrqtleodrr@tﬁélﬁlsalmqladmypldw ﬁ@endc\ﬁﬁguvgtta&fséléfwralfr%mof or
consi st of &k Qgswgtmtﬁ% RO Be %rﬁmn‘%kandah& bhd IR 12hOfecdfld WRMe
conprise, consist essentially of, or consist of platinum [0046] Referring
to Fig. 5, nmencapacitor 10 of cross-point nmenory cell 40 is depicted in the
Fig. 3 progranmed state. 12



[0047] Referring to Fig. 6, another enbodi nent of a cross-point nenory cell
42 is illustrated. Such conprises capacitor 10 positioned between conductive
i nes 24 wodopeLoosBne 24 would be a bit line or word |i meTafS2eth@2#HpPgy. 1
array and line 26 would be the other of the bit line or word line of the
Fig. 1 array where respective pairs of such bit lines and word |ines cross.
In this enbodi nent, the capacitor conprises a first electrode 12

el ectri cal | yo16@BREST QM ¢ taOp FAMGUSHpbVige 1HaDBF 2P of@fty 85 PRNGI0E 10 vblige.

i ndi vidual penory cell and a second el ectrode 14 el ectrically connected to
conduct i ve R8I35 ¢ty PesPUHAPhE o?RPAENE N VRUUWEFOHRRETY elt1ee. FPF st

el ectrode ldpasiyantavg tbdeagicitbpiNciamhed Float et scconposiuticon @nd idd er ent

t hi ckness than conductive |line 26. Second el ectrode 14 n% hage one or both
of differentPEbHPEYEITS Bif SHOP UM ey et R BIEES  RAN CONE LTV Pithe 24,
Fi rst el ectliadehd 2apmitabie of cdpaecitsan® sQapos irdh s as teomaudctdive [Thae 26.
Second el ectlijrgde 14 may bE oft thﬁ1i sanme Cgorrlposi tdi on as conduct i vell i ne 24.
Regar dl ess, "HLafht e "Féshedtt Wit HicckHaLs S8NVF G deifeitodes® 12Yahd 't in Fi g.
6 are 5 nanaakherfsfanhe s&candnaimet el’Be s¢@0d48}ilire vnegenmdgdeamathe mobdt hod of
progranmm ng, a ry cell may.inclu appl yi a wite vaoltage across a
hord Time. ol b ReRh 8 TR 0 s "Bt MaPer it RaRRGCHO2
Menory cel | thd@bg2edmyng el wadecimncapécafaoitpr 1@r exanpl e capacitor 10

descri bed As r | f the | ying of t ite. vol t he
capaci tancgﬁ)g#% he cgrbg@?tg rgﬁjo?lsm eélﬁ’atﬁgg%r%v S%eamﬂ Pgtg %Sé%nﬁlemty othggglg%ond

val ue. The sedonlirsatalec.malp beheatwérdasufttmitive applgifd rétthy aeoend Sugh a

met nod T Ut ool NRLUAGRGCORVAAP ok 08 sWHdiialiQ! hPYEmE A BRRMPRN; I g vor d
line and the bi't l'ine. The capatitance statically remains at the second

val ue af t erpridietortdpmpphgnopf tiefiprti watevolltagge . AlOD49Y Appihei qagatibecor i t e

vol tage may,CAlS e HRP) | @1 doRANtR. hohiTBNE Wik DB RAMCROANELLY & [BSS 16
recei ved bet ween téﬁqee) %Nocrd1 i ne anad ggl bi't ﬂ?e?rsle tovvarld_ m)gti‘!l;e dopant
barrier di ellebtlyi@iinpnethaal thegapedansed! Bt weeary Al wopd ¢ iverahdng he bi t
line to incse@saikq rk@RBALLANGE: Of dCe ARRAGLO I WIPIR dPWRIs GARACI tance
state to a higher capacitance state. Sem conductive nmass 16 and nobile
dopant bar ri%regielleetesihntiicetdny lorgtietse BP WAV §F dreftsuidiogpoenrtifaiscrel ati ve

one anot herpWisGh HeSlodt cARARthEN@ALaREBEIyZ&d R yatlihBastpRi&ndhé kenent
atom c el enment. Mobil e dopant barrier dielectric material 18 inherently

shi el ds nobfate vygpantsdif Paier o WntPPLyfe ofbli fist dopaneltestri er diel ectric
material 180pg3f he applopengn@fdikber, ibhiagRudd Brane @IPadi Rbénd tWhaeappl yi ng
of the wite voltage conprises ing the wjte voltage for | ess than 100

appl
mi cr osecond¥’!ta8foaBY] P9 pleried éﬂﬁgﬁi diemeecsllsi & RisgRadgecdithBe 19 DC
vol t age. Hovevedcond Rerommidratlcon¥nl Thgasedtb@magause hhg beRbffl@edapants to
nove within sem c%rlducti ve MmaSs 16. ma udi ng AC vol taggs havi ng
t P!

.may be used | ncl
a frequency 8B HR41EPEN Ry thip G@%‘iﬁo?ﬂ}é(’té‘ﬁo’i‘}‘éte\‘i\haptc[g QHEgE & Be“referred
to as a firstoimdnomevak page:cand td ha rEthedmory pat seohaicl ude appl ying a

socem, e e o LML R gt . OhLSaR RELICRD he

memory cells including a memcapacitor such as memcapacitor 10.
Alternatively, the programming method may be used for memory cells
comprising other capacitor embodiments in which the capacitor changes its
capacitance as a result of a write voltage being applied across the capacitor.

[0055] An embodiment of the invention encompasses a method of
programming a capacitor between different static programmable states
characterized by different capacitance. Such may encompass using capacitors
as described above, or using other capacitors. Regardless, an embodiment of

such method comprises applying a voltage differential between two conductive

capacitor electrodes to cause mobile dopants to move from a semiconductive
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vol tage may have a polarity opposite that of a polarity of the first wite
vol tage. Regardless, as a result of the applying of the second wite

vol t age, Wbaomalpaxsstance of the capacitor is changed fr ecrtuseoigzeeingd val ue
to a third value. Upon renoving the second wite voltage from between the
word line and the bit |line, the capacitance of capacitor 10 statically
remains at the third value. The third value may be | ess than the second

val ue and iRaS0E:i¢asB8SwWIRY e L& dubae Baakitof et h@o &RGONE vahWBile The
second wite voltage may cause the npbile dopants to nove away fr.om nobile

dopant bar rdWRNY; RATEEL rFieleREterPairrilg ref?h‘é?%b?/“?"é%c hﬁgt‘fvﬂecﬁ%l%&v?ance of

capaci tor 1Qpai@Q52ltio@netemhadis¥eipactiigeet bi e Vabu@cdraitofie aswhatantial |y
the sane as the first val ue. ﬁ%n ot her words, 2[Iter theqapPI of the
élr’%//“%

second wri tEPIOIILGEAE A2 IR Car?é?ﬂta“r?ﬁft%v heyiratigpae & 8dne
capaci t ancethasmbbilédi dbpani Q)I‘arrﬁfﬁ Hfbeeoalppl yhtegiaDfaré he Hiffetnwcbi@osabhage.

Al ternativel the ca ita cell aft the a ing of the
Second w1 tEVUe Se G bANGH Bt o FREPSHE-EhaR ¥ HEsL dRscr TRt of t he
menory cel latpmi©reldmerdthe Tamphwbng Ofpanhevartiestdiaeditie m@tetragansenaﬁ&y in one

embodi ment, %ngs mol%n]lteedo%%gtas { Oltn na Iiheet Ili’lll;)glle do gﬁ(latc %relle dlelectrlg
| ocati ons. wever he‘resu |ng dapacit ahce nay OW enough t hat

t he nenory medefiah’ay appllyn@b@/thee\pﬂegentExtahealesamlldaio@am/tal UﬂnlasrldltCtldBd prl or
to the appl ﬁn?t rlgp%nd %Ell (io gnt 1@‘(991 1[1‘19&:?1%18 Onge ] ?scm%
&'t nd- wr |3t Sefected so that

magni t ude o aﬁs rstand
t he menory awlivks Fagse 2pmdgy anm’étgsmﬁl tahd 4] db@lqnanwsem@kﬁd@f slmhflﬁ@@gnarrrmnogeconds.

The sel ect eg \g&%%h%ﬁldgﬁ T tamn%fi I CingPbr §:f e%ga;aﬁ;ﬁ&m%é S HOPRRLS 4 Wi t hi n

sem conducti teri at ara 8 nanonefers per
second to 2hxt dDHignanomshenaypbe aseuopichef OF5PpTHee pridgramadifige retieod

described aboyg.may,d esuﬁaegaﬂa‘aftofr%f&'ir}éd&e|1bsan'dn‘fi UeHipg c%u!@%a@%ﬁhéor SUCh

as nencapacl tor 10. Afternativel t he progranm ng net hod 3/ e used
menory cel |&peditptd $liggtotiheprrdca aepold erbadiydrms dlectigsicc h tth@reéapacu tor

changes |tstr§[gp@9hg§ﬂ%ep1%§rﬁnﬁgéwage of a wite voltage being applied across
the capacitor 005 ]llAn enbodi nent of the invention enconpasses a net hod of

progr ammi ngl%5€hpaci for et viselr dmerler ent d5fderlc peltpcantidisrentid aties

characteri Zﬁ@s&}ﬁeﬁﬂﬁa@ﬁﬁm bERRAL I ANEE comUGH vERY &‘d"&)@@&%&%db@ tNGacapaci tors
as descri bed above, or using other cafpamtors e | ess, an_enbodi nent of

such net hod Edﬁ%‘?lﬂ%égp%blt%lﬂ@%a%ﬁ 58 %Ff%‘?l&ngpa?ntb‘arm@éﬁwt lggric
conducti ve gaRagl tor re@LeCtdapal@tnte sAUSE APRIilR &apantsSb} opddeyen fihem a

semn conducti ve

capacitor to one of said different static programmable states. Such may, for
example, occur by programming the Fig. 3 or Fig. 5 state back to the Fig. 2 or
Fig. 4 state by polarity reversal or by application of some other suitable
differential voltage to achieve the stated reduced capacitance effect. Further,
such subsequently applied voltage differential may or may not program the
capacitor back to the immediately preceding capacitance state. Accordingly,
programming to more than two capacitance states may selectively occur.

[0057] According to one embodiment, a method of reading a memory cell
includes applying an AC voltage signal (e.g., using source 2 of Fig. 1) across a
word line and a bit line of the memory cell. In one embodiment, the AC
voltage signal is a periodic, sinusoidal signal have a frequency of about 200
MHz and a peak-to-peak voltage of about 2V. The memory cell is configured
to be selectively programmed in any one of at least two different static states,
such as the states associated with Figs. 4 and 5 above. The method further

includes sensing a current on the bit line of the memory cell, the current
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mass recei ved between the two conductive capacitor el ectrodes toward a
nobi | e dopant barrier dielectric naterial received between the two
conduct i WweOocapawdt3er el ectrodes to increase capacitancePofi/ush@ioapaci t or
froma | ower capacitance state to a higher capacitance state. The

sem conductive mass and the nobile dopant barrier dielectric material are
of different conposition relative one another which is at | east

charact eri zeguibyg atorh eae'sgpmﬂegdifftﬁemwol@etgemlg:nﬁl alesdsed Thandodistig, dopant
barrier dielectric material inherently shields nobile dopants from noving

into the rm‘i:ﬁt‘FrémH’dlﬁalﬁthb‘ﬁP o e lé‘laetctt“i‘i Cilbrgg statie o ?/teé;ﬁlﬁﬁ Weﬁ]@rbfeltl he

vol t age. EX1@rmb§raﬁ’ﬁlbéd e idopantmbosiaienConsbetidry eirb®iss/ Mahey ipalfoandnheobi | e
dopant dielectric erial.s may be as described above. Figs. 2 and 3 and
Figs. 4 anoF%“&%ﬁF‘g?e%?ﬁmer%%rpl e of such progranming in going fromthe state
of Fig. 2 twos8pt of The gnetﬁocalﬂdiyfﬂ'u@tmihf helsdatean ofindiig. A¢ t@rdghatigiofl Fig. 5.

Such may be acc |ished b p SU|tabIe 05|t|ve and/ o ative

vol t ages tor%%p§g$f%?n%Ve8¥¥od§gy éﬁ&°i4mﬁ%| ecﬁﬂ?&“?ﬁgyngﬁ'l]naopants
to m grate dapuarahcelpect tode dpplying away AComlekestgnales dZerttherabyving
transformn he, programed st at e, [00 imen a dlfferent

vol tage dif e@bﬁ%?a‘g&gesdggzqﬁeﬁFwy a%ﬁ%?gapgg wegﬁmyh“ﬂtggyconHUCtlve
capaci tor ehea@nndﬂkdbmmdadgéowhe‘Wbbbhhedb©amwsg¢eunBVesawagzﬁmbﬂdthe
nobi | e dopa rri inel r i e .58 n t he
capact tor amiPRaphilor oS P s B BLieRingd R B REHER R eRRRM RS, St ¢
progrannablmaenatééIn£MEMVﬂﬂyet@oheeXhMpMaw oHQWEV®ySpd0gmanmrmgmahe Fig. 3
or Fig. 5 rFl 4 ol.ar rsal or
by appllcaﬁ%on 099§§%§8%%E§?F§%P%5%?%“@%9?8?é%%?a VQM?$5626F5¥%£ﬁ¥§ve t he
st at ed r edubebllcdpeaits anld dcehfactery Pypt Herlocstuah babdeyuent|iy pappltd ed

vol tage difdergatial offfe Qe TBYa Ot ABEQATAM e GARAGLEOLI MRk he
i rmedi at el yt prggeyé%é) caepam tanac% st at e. E’%otr q gf) pr(())gran{hﬁeng r%o nor e
than two capdcitracesudrantsllymle §e‘rle@tﬂievc/élil%/amziwe 0 G@S‘”FFA‘G&@EGIQ‘Y@MO one
embodi ment ,théué’ﬂﬂ%q{i’olﬂfe &cﬁﬁ@llsﬂgaﬁnﬁ%‘%ﬁng%é %;nymg%sh@m@ Vélﬂ%ea” AC

vol t age S|gnal (e.g., u5|ng source 2 of Fig. across a word lI'ine and a
bit |ine of‘Wﬁg]nenDFV“@éH ¢ applygiecleisodif nohage sleaahcuyisht Bgesdighal is a
periodic, sip %&qa&amt&umaémb@/v@ematfar BAvVeNIYer@fin aRRUIN200m VEE nRRth @

peak-t o- peak vol t age of about 2V. The nmenory cell is conflqured to be

sel ecti vel y°pr8dPaRtetic H aigosh@ogrnatn iegstbicapeitp ks Bt _YBENtdn st at es,
such as thquﬁgates associated with Figs. 4 and 5 above. The nethod further
i ncl udes seng a current on the bit line of the nenory cell the current
resul ting fH8Mthe abfbl"&?fi G odine. e (61 valiecsignal maérJP& BHLKC 3Rt he

sensing, dehereisihgr il dMﬂt&h nfafy 1hﬂ@datseﬂs€tﬁg8ihetdi\@reﬂt fvher et Astwdliage st at es

the nenory cell ra In_one e detectlon circuitry 4 may
por for m 4 he St PTIE-debel i ARG TOOSETAG. HRLRGd Sty vt FEF ol ude
removi ng t habAGnuolly agestahgnaludncomidenenmimg 6Rlhe Cﬂ-ﬂiemCﬂl[Q@.Cﬂnbml’de may have
substantially the same_ cap citance . .prior to t ap the AC voltage
si gnal as asreié%lflgt% Cué‘i’?BVl“ﬁ]g? & %g A ta\%lﬁ%@azelﬁs eﬁﬁﬂ’ I%He FHt84i ment

t he nmenory fme:ldencmy innelcudmbodipacict o AQ descri iethlaley e Whistaatibhe AC
vol t age signa bein | ied across capacitor non or all of
t he nobi | egs o‘bsé)h ad o lg%nigrgo v aTIRRE BFY afcliEe Ser]t81r1r1go{‘}q% C rren?ghteﬁe AC

vol t age. Hohever voi;agehsmvlemfosumyalbse samubadkl. ahdom@ﬁmhoqlmwneme Alch that
when the Al h bi | p I i l..very near
the | ocati g:vno\sgplg%i ggerfah il %{E‘B}é)?flﬁat& ?asmg don?ﬁg&a%@{ﬁenw (J’fﬂp nthA%lt\}lo t age.
Accor di ngl yfreQWecsczﬂJa@ﬁlt dhoe oofeqUhe trehr WMdel durpy abdesubstmantol ahky t he
sanme after plyyi h C pant s
oy move. duPrRg b aom ik AR hREE FLER ARt O TR BB 0N Vi ng
of the AC \ﬁwlrteege/h@nghelAC roltagerigifal o 4 mmli' hetdi The Meevelimes sigralnenory
cell at a fhishaPUBALIhOLALLITRAM §F AML0CH FBRAYinGELl1ed bR &l&lel i ne at
a second nmonent in tine subseque to the first nonent in tinme. [0060]In
one enbodi mPRlyinghe AC vol tage signal may be periodic and the sensing of
the current may include sensing the current when the AC voltage signal is
periodic. In one enbodi nent, the AC voltage signal may have a substantially
constant frequency and the sensing of the current may include sensing the
current when the AC voltage signal hasl@ substantially constant frequency.

I n one enbodi nent, the AC vol tage signal nmay be substantially sinusoidal
and the sensing of the current may include sensing the current when the AC
vol tage signal is substantially sinusoidal. In one enbodinment, the AC

vol tage signal, in steady state, has a dom nant frequency conponent with a
frequency greater than or equal to 100 M—lz dur| ng at Ieast sone. of the




WO 2011/ 100138PCT/ US2011/ 023190 [0061] The current may be referred to as a
first current and the nenory cell may be progranmmed in a first one of the
at | east waodifobssent static states. The method nay fuPChars2aonpsivee,

after the sensing of the first current, programm ng the nenory cell in a
second one of the at least two different static states, applying the AC
vol tage signal to the word line while the nmenory cell is programed in the

second one @heihe at Th@@aﬁreﬁmasilﬁef&f&md &t at h ¢irsit alrRS 280dnSANRHAY A
second current on_the bit line. The secgond current results fromthe

appl yi ng of S h@anEe Pep Al o ig iaf rSWIPF &T itfea Aty o CBITErens siHis gtdtimed in
the second mﬁwn@efth&ctlan@t fugast cbu@ridé.f hreenhe skating st Abegirvndutbe, second
current may be at %t twice as | arge as the fhrst cirrent E%anthOd may
al so i ncl udﬁog‘fj’&é"éﬂ‘go tHEMEBhSEFh g of StHRIs®FAl Rur deftst a8t UM Hing t hat
t he menory geilid sth&spﬁmylamd AMv bl esegoindo (Dllitﬁw@fd Ilhew&hﬁlehﬁ‘aﬁienidl@
different static states e secoqp curé qa¥t 3% ea§t flvettlnes as

| arge as t hé ]isrp§?grc?ﬁ?]?eedn]tn FO6621 A" ek ﬁ‘ﬁlaé SRR G AT HBHE A el | il ]
now be deSGHMD&dmn@efﬁmbhm@uh@angth&buﬁEﬂDrYh@ehhnﬁﬁﬁwﬂmyrhmhﬁéaﬂnby

appl ying A voIt rce-2 to wor 2 _and caonp ectln det ection

o Feui iy do¥ grbRFss FRERG R enats| bfs W R SRR T D e may
be conducteﬁebyanﬂmmwyﬁ0$hth23ttmoQUWeedegaees@a$edMUmemhenah@acnﬂance

state of ne C on . Chrc r yrgetect. £ he conduct ed
signal on bln%) ybe % B'\Laét gwwt he ? maéfthgnyfﬁg%ﬁrrepgﬁtTheDgeﬂee d|t(5nn cf%rgw try 4
may deternnm@uﬁhebe&ﬁaonﬂmncemsmatefohen@n@mycgebm:Nﬁﬁmbase@ onttthe

magni t ude &&Q@d gggoﬁgﬁa&nmédoquiﬁl 's&o%%n@rmfﬂa Qzelgagt t@%tﬁﬁafeﬁpsta Fcuitry 4

may be confi gur ert a current signal into a voltage signa For

exanpl e, detteles.i oTrhet:wqmldt eurreptragy the @ terainSverpedenee langpl dsf iher first

Al ternativel Y. fetection circuitry 4 may include a lock-in anplifier for

detecting the current and determ ning the capacitance state of menory cel
M23. [0064]10863he enBodiremle ethecadireay BEmMPyy.cell vy nowebedésemeedr nore

row dri ver sgysachd @, 16201 AGHISRITREN 1SS | ey BUG0ad Y Sl ¥BE ATl pe! ude
vol tage source In sone conf |gurat| ons, nore t han one-t housand nmenory

cel | s of arﬁoafc‘rea%/twyrdobn? &lel §ilfhﬁ‘l’1tf§ﬁé%§l33¢0ﬂ%@ AGCHHE bio Mvtiacdl-k he row

drivers andagde{@ehion ﬁgﬁaqtgg,fnéﬂét&l ¥ thaut 2t BQc&ﬁlﬁlcE&V\bﬁhﬁeMﬁﬂ’r cbgcause
the total current sup source 2 in reading the nmenory cells is small

relative toMBE té)uF‘P%‘ﬁtdsegff‘reoﬁﬁﬁ?édo%)}h%cfr?%‘f’}ﬁnﬁﬁagltatr?o%x‘? a}ewéw%ls%?% o read
menory cel | se@fi&ooment %gmaﬁaynﬁé@&yuﬁr&(ﬁﬁdﬁetedvé@nal on bit line BL3 in the

2011/ 100138PCT/ USZOll/ 023190 _ . _ _
form of an current. Detection circuitry 4 may determine the capacitance
state of memory cell M23 based on the magnitude of the AC current.

[0063] In one embodiment, detection circuitry 4 may be configured to
convert a current signal into a voltage signal. For example, detection circuitry
4 may be a transimpedance amplifier. Alternatively, detection circuitry 4 may
include a lock-in amplifier for detecting the current and determining the
capacitance state of memory cell M23.

[0064] In one embodiment, the array of Fig. 1 may include one or more
row drivers used to read the memory cells. Such row drivers may include
voltage source 2. In some configurations, more than one-thousand memory
cells of an array may be read simultaneously using one or more of the row
drivers and detection circuitry 4 without taxing the row drivers because the
total current supplied by source 2 in reading the memory cells is small relative
to DC currents produced by conventional row drivers used to read memory

cells of conventional memory arrays.
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[0065]Bit line BL3 may be grounded while the AC voltage signal is applied
to word line W.2. In one enbodinent, bit |ine BL3 nay be grounded by a
virtual gwound/wbiddet ection circuitry 4, for exanple, apeirmuseah/ogiiound of a
transi npedance anplifier. [0066] Although the nethods of reading a nenory
cell using an AC voltage signal described herein may be used wth a
cross-point nenory array, such nmethods may alternatively be used with other

menory arrapossy uctuuaetShnérBL:aqﬁay bberoRttadgni@ynbdes oseiavt tdg @NEry array
structures that use a nenory el enent ot her than a cagamtor to statically

store dat a.2PRdrd X A3 dinet WoZnelbory Gé?‘é%déﬁlﬁn‘r’rﬁ’)’rt fine Plrdemay Redfowdst, phase
change mat edy alvirt@dl g@bllilﬁi’ ofMBdl¢ Yoreb@EERYy 4, Tonbkahiplehe vilada g\fahtb,tEOfT&y be
determ ned b pas%djpg {Ag current through the nenory el enent and sensi ng
the resul tifh eit'Pt'ddet ermine the state of the menory el ement.

[ 0067] Ref erroneg] t o Fiagthodgh ahs aha@hadd of deagham akndryCidit wiinkyaf xCr eadi ng
two nenory cells acc r.di ngJ éqﬂgone enbgd CQ\B’ bs il Iustrz%ted. Di agr am 50

i ncl udes ACVHEt a4 86?06 O dbted” " WSt 1 FES ML dPei 61 3
represents sichaytb@paaiy aneeatyediyeensadmddhl éther Mkﬂo@ndrrmstdudthfees Iadj acent

to word |i nfeFtV\lﬂg gl ﬁ“to | | usb r at gg\gﬁtnm@n%r% %r&y grulcg O thRgsusree%El)r esen%/z t he

resi stance 0 agra S nenory 3
confi gured dlement ovheorthhmweshpmtpacuot sadealst ataei qtatwm thr rmmnp;e abkl M23
may represen "1Y.oor acitor re h nce of
menory cel | %}Egry St H%eélm St %Cgéraé Irngsélﬁfd %Q Ca %ﬁ E }rnetﬁt“%?h Flou h% menory

cel | M23. Meempyy @lehﬂent\/zﬁwh@m tﬂlhelat:at Yedpe hairydae deseldlepﬁd:foed)aasng)@nmgC
configured in.a kgl Qrthg'n&%l? geq AR LANS&sht Eh% eQul"t‘@ CKC oY (Gell M4

may represent the op osit ue as nmeno mely a "0" if
menory cel |da@inepregentod the memogndleaeny” j f rrermry cel | IVI23 repr esent a

0.7 Capaci fo@gk7{> " eRLASARE Stot MGy CAPICLARRESCOkia 30 %F"élré\@éy

resistor R5 represents |eakage current through nory ce M24. " Not e t hat
in this exagpliag tvapaenearmeds @cerdingpouneangdimeies idapeacsd alpgraa. This

di fference 5@&%@%@%%&@%&@9%&&@&&% szHleehﬁ’é v@ﬂz A@a%l&'%@rn@
conducted by nenor 4 to be significantl her than the magnitude

of an AC cJﬁP@ﬁ?ntééHanét‘Ml%?CWﬁWﬂ eerd ligpav ngnii oyl iBgs s&dC e her

bel ow i n re}atd @0 WA, oFind i1%usulaBQA6A] 1GBPALT RO s 6P RPERpRSENT ShSEkAYance
capaci tance between bit |line BL3 and adjacent bit lines and resistor R6

represents ¢heordditesVardee of bit |ine BL3.
[0068] Diagram 50 depicts memory cell M23 configured in a low or

lowest capacitance state in which memory cell M23 may represent a “1” or a
“0.” Capacitor C4 represents the capacitance of memory cell M23 and resistor
R4 represents leakage current through memory cell M23. Memory cell M24, on
the other hand, is depicted as being configured in a high or highest capacitance
state in which memory cell M24 may represent the opposite data value as
memory cell M23, namely a “0” if memory cell M23 represents a “1” and a “1”
if memory cell M23 represent a “0.” Capacitor C5 represents the capacitance
of memory cell M24 and resistor R5 represents leakage current through
memory cell M24. Note that in this example, capacitance C5 is about eight
times capacitance C4. This difference in capacitance can cause the magnitude
of an AC current conducted by memory cell M24 to be significantly higher than
the magnitude of an AC current conducted by memory cell M23, as is discussed
further below in relation to Fig. 9.

[0069] Capacitor C6 represents stray capacitance between bit line BL3

and adjacent bit lines and resistor R6 represents the resistance of bit line BL3.
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Simlarly, capacitor C7 represents stray capacitance between bit |ine BL4
and adjacent bit lines and resistor R7 represents the resistance of bit
i ne BL4.wpQOWQoDs8ecti on circuitry may be connected toPbirtuszeies288 and
BL4 to neasure AC currents present on bit |ines BL3 and BL4.

[0071] Referring to Fig. 8, a plot is illustrated that depicts current
flowi ng through capacitor dielectric material 18 as a function of voltage

across capa@lhmmydlcﬁlbmﬁo»z ey f@fr&féh@ stﬂa? ahpdcii ask Yeahed B 16RPRICE tagl
dielectric rraterl al 18 as a function of voltage across capamtor dielectric

materi al 1823978t by linss apd restiteieh( r%’r’iasernéss‘i@tr&%tén‘“cfe‘bﬁ Rt EgeBi4ei g. 8 are
for an enbogioment of Dtemuaﬁrmrcmtgehiayqfe Fin@scted tamakiides BOShAhBIWORE |1 ne 12

conprises platinu sem conducti ve r onprises Ti2 and Ti @2, and
i s about SO‘nﬁarﬁuf%gbkcur?&bsa%ﬁef%’rt Oﬁlbé{TEEets ]I%]{é‘% ﬁﬁ?@% 18 conprises Zr02 and

is about 3 [rl)m71h| ck; Rafradnb'gttol rie 84 acprmrissamspiaeetdl EN ddpicts hewraxanpl e,
capaci tor el ect teri. a % have fg eff jct itve (%er? ttivi t¥ of

about 35. ‘f‘émtgﬁhf"”tg &PpadfUl 8%“ ABAELRT EheS dAPYCHAT B VOIAEEGE 5t he
current genepadikor dhllBlt&&Strﬂg:rﬁaﬂldSth&i f@&itmcartffeca@@mcrradhle;ecde@m&siaﬁg as the

vol tage | anSease§unc[t1009172f] 4’81 eléralcp %Eg;ll%r dléI%ca}{lelmaterlal ﬁ‘;c ﬁ"'ﬂg Va[1 es

conducted by nenory cely § feasdf on a rne is 1'llustrated. In
one enbodi mafnturmmeamulrafsemnqmyemetedemsErgds afrﬁrfoemanphqulbyend@tfetbbl on

C|rCU|try4 LI ne [epresent s urre measur
capaci tor 1Bem?ryrng,‘:?rﬁtnr fe@ 2 %)“d S Ch IE’VOrH i ?@ ra nﬁgdes attl%um
capaci tor 15@m1s0ndmcaV¢ owtclagiakﬁ tcampesm 5’1@2 and n@CBél webriesbntts S¢urm ent

measur ed Ontaiﬁec f)eatcu{,\}']ﬁ‘iaelwﬁg FAPAG f'8050njr?r1§%f Wnﬁ i€Ghbu D nhSinidk the Fig.

5 programme en capacitor 10 Is gh capaci tance state.
[ 0073] Not e danidabiti hng hiids cexariptse plative me urlne fitis rexpmedentapdcivyr didhkect@2 has a

magni t ude af , t g5, h LRL1ER t.od,0¥%s! i
SL{H t%EQPlS Qy“* A0 & @JQ&{N pt n{?tPJ S BRLBHuDYs] Rl%teegﬁl)aj?atfll S 34 i s

magni t ude out nA. Accordingly the current represent
about 9 ti mesistahee udrcemenbffaqyu vigh3pltagpi dediurfeat @neealln lwg@ﬁltl&dédenabl es

detection Gk Gli{hYce dgén@ra‘i’!ﬁ&éof@@i@%%& VBRI AintRADLY cell in a high
capaci tance state and a nenory c in a |low capacitance state. [0074] For

exanpl e, |il0873b nayRekprisgdptlieuPr artlobal BiG cpirtpy BrBlueGAdRE M@ BY nenory

cel I M3 inceiihey exapl@cdesarbibede 3AUR LR GhaddeUmBAAIfGES, the AFrdaS
menti oned above, nmenory cell M23 may be in a |ow or |owest capacitance

state, in OR& & alﬁﬁffséredufﬁ’é e3aMpley by efhtediont ClEgret ddnpide 1eprrecEe4
conduct ed byorf@Teys 68l lonNB4 bitit @ hex anplcaofe6 G inatbgheyesd i meahat i on

Fig. 4 programmed state, when capacitor 10 is in a low capacitance state. Line
34 represents current measured on the bit line when capacitor 10 of memory
cell 40 is in the Fig. 5 programmed state, when capacitor 10 is in a high
capacitance state.

[0073] Note that in this example, the current represented by line 32 has a
magnitude of about 5 nA and the current represented by line 34 has a
magnitude of about 45 nA. Accordingly the current represented by line 34 is
about 9 times the current of line 32. This difference in magnitude enables
detection circuitry 4 to distinguish between a memory cell in a high capacitance
state and a memory cell in a low capacitance state.

[0074] For example, line 32 may represent current on bit line BL3
conducted by memory cell M23 in the example described above in relation to
Fig 7. As was mentioned above, memory cell M23 may be in a low or lowest
capacitance state, in one example. Line 34 may represent current on bit line

BL4 conducted by memory cell M24 in the example described above in relation
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to Fig 7. As was nentioned above, nenory cell M24 may be in a high or

hi ghest capacitance state, in one exanple. [0075]Detection circuitry 4 may
det er m newOhat/werssry cell M23 is in the |ow or | owest eapaskiianedst ate by
conparing the current represented by line 32 to a first threshold, in one
enbodi nent, and determ ning that the current is below the threshold.
Furthernore, detection circuitry 4 may determ ne that nenory cell M4 is in
a high or hicghgst. capagdst abgorat oy nkaRardengvbiemagyrocent a ngpk esented by
line 34 to a second threshold, in one enbodi nent, and determ ning that the
current is HBBGS CRMEIERTCEAGH B OMhe dAlst and second threshol ds may be the
same or diffoerent from«enenanuhey 4 0y dexampleeihat Reenfdry dellt Mingsbohd may be
| ower than the second threshol d. 007%&Fi .10 illustrates geng&gbly, by
way of exan‘bFé?Wb?ﬁ HEB BHPUAYOF 1A TPY AR &N PE B hE RIS Bput er
system 400 1agCc3T ei Ngirdtah@Bh@8pRCIneddmbdiBmphesedideicivani g et (onptdngr syst em
400 includes ,a, noni tgqr 401 or, other co ni cation oufput device, a keyboard
202 or ot heb bhmts Oheitofe T hth oG cR e s SRt Bk R 1B het boar d
404 can carmymaryncet opbeessarhidbor (lpgosesapagtaatd ctakd by)coarpadihbehe dat a
Processi ng Clillrllll'ﬁt g'nrgseaﬁt[ecf Eaﬁltneoﬂletorrgrggé‘&/ndd&l\r“s%gl 4018 o(nrer?enrr?ty%ir.%lerlitcuhér y.) '
Menory device £6§1%an conp¥|se vari ous aspec?s of 'TneCiVent'oh” &8Scri bed
above. Menodeyerdevingethd08he anreconps iabevanhartheyphafl. maimr firsc ednldssecand such
array can O, CRuRL ad, Wi Mn@ddnessi Ntk GHId [ 8 RFCER31 Adalpdi i dual
menory cells in the é%ray. urther, the nenory ¢erl array can bé coupled to
a read cir cluist thfreshot& adyrrg ldatathanahe sdvendemosholdel | s. The addressi ng and

read circui an be. utiq i r Vi j ijon_he yagn nory
devi ce 408 gﬁz6§roce§§%f“ﬁ5§sg %gﬁw§§g¥§|hg??%?éﬁégﬁ&¥gbb@1%ck di'agr am of
t he not her bfaiwit4@dn, shposnbedimppgof 4 tompntes ygitel Ykadoahnany atkepraddr essi ng

circul try I b LUSEEAahed:@h, 4¢0m {}Qrtsgﬁeﬁl%@ LG %W,niit%r b} UsLipLed as
412. Various coﬁponents of conputer system 400, inc uding_processor 406,
can conpri s®nypenigtigrpPetPyf delisemenyPoridndd e ol scadBeRicpiéen pravi ousl y

in this di sglosungd d A8HEIET08930rMERN R #3604 CAR GAYT LFRARHJ@sRr
processor nodul e, and associated nenory utilized with the nodul e can

conpri se teHbhipigseuing KECHi@detit oty ettt dfOCPrBiCedstdr 2devitc 2406 fmy be

confi gured &meﬂﬁhé%@&zﬂ%”@ﬁMnQ@Nkﬁ&nﬂgﬁ t Meflopy QlcdRtudaln ROAGEISOr
device 406 provides to nenory device 408 and may be configured to retrieve

the data frEHMemsPy et b Byantiappdosyribed P3Py s 19N ip234 9 can
[ 0078] Menmor dntlawkicCen 4REyCaN Honb/sSRENd L1 aubRnRrd MRIWL cofifitd exanpl e,

single in-line nenory npdu%es (SI'Mws) .and dual in-line nennrg nodul es
(DI M) ey d9Eesidisd iU e [Phpicsrstéard PUNIdRRT CHEBED 1285 ¢ He MealiiPngs of
t he presentrirmeenthi G mdiyeccMedrbdyycdiedd €diptantobe rdaacorcparfat echdimy @arany of a
vari ety of %gsngns whi ch IOV de gifferent nethods.pf re dlq .from and
writing to WOy RENY SHlse nE QRtiTEEY 867 8T NeIBY U (& UOE A compr i se
menory for neeveyinaGeiaaneebetween memory device 408 and processor 406. Such is
illustrated in the block diagram of the motherboard 404 shown in Fig. 11. In
such block diagram, the addressing circuitry is illustrated as 410 and the read
circuitry is illustrated as 412. Various components of computer system 400,
including processor 406, can comprise one or more of the memory
constructions described previously in this disclosure.
[0077] Processor device 406 can correspond to a processor module, and
associated memory utilized with the module can comprise teachings of the
present invention. Processor device 406 may be configured to instruct memory

device 408 to store data that processor device 406 provides to memory device

408 and may be configured to retrieve the data from memory device 408.
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with one or nore aspects of the present invention. [0080]Fig. 12
illustrates a sinplified block diagramof a high-I|evel organization of

vari ous ewbadiventis of an exenplary el ectroni c system 700TafS2¢th@23pesent

i nvention. System 700 can correspond to, for exanple, a conputer system a
process control system or any other systemthat enploys a processor and
associ ated nenory. El ectroni c system 700 has functional elenents, including
a processorporsprit hvein&d | @G Wos teaf AlokdesglR (@ aCABMOA) nibliule. 704 a

menory device unit 706 and an i nput/ out put fI/O)) device 708. GCenerally,

el ectroni ¢ SYEPEM FBRLCwinr it A Y napiiules SatMYks) jandy el ¢ ingfe 4t Epeci fy
oper ati ons hodhes PeThv e QN bdataddyn tdie pigleRss@tiod ORhANd vatiberhe
interacti onsa,%gt ween the processor 702%6t he menor v. device unit 706 and the
| /O devi ces'®¥08"2THE WORITOI NPT 'PEoMaMARt 85VISF 198 gt HIPHIEA6E t he
processor 7@ ahnefrersriytydevieegkOFhandplokalel diEfdemn aeshod0®fhyading

conti nuouslf¥ yclin throu h a sg{ of hoaer.ati ons that cause instructions to
be fetched FPEAMA tr%%'rbr? ael &% and"'ékecut ed. In various enbodi ments,
the nenory [@&vHre 70Mdmﬁﬁblmb®5qe mCirsCmprlkd’ mchedy tfoymedhdednoacoess nenory

(RAM devi Ces read-o Y, ROM, devices, and peripheral devices such
as a fl oppy sf%e an\%ea cf’cgnocfoth‘g 8¢t rcli"’mve nRCJ\/I drive. One of ordinary
skill in th@()aﬁl wi | Flgmlﬂerlﬁtlarm;'s upempldadi hipcandiagomprethendighgdetdhi s

di scl osure, that pl.the illustrate | ectr onen apabl e
of “bei ng. A5 At eEV R el B RERS ¥ s RS s CRITREC BB G 208 o
vari ous aspéetpsesoht trtvenipolesémtemnﬂéhtammrre[S@O&l}d:lfgr ed8npls. a ceinpplerfi ed

bl ock di agr A (e d f an
ol ar y -l st ooy A o B B b B e Pt BT BRI B e
802 (rmenor yandi pewictatyd mémeryhaskntranicayyseém médibriyascéincgogd4 cleaddtess
decoder 806 fua AP BRR s Gh TG ULAX §9§og1&9qu\m%%s aGloh LhY 7440
read/wite contr lrcuitry 8 2 for control I?B% erations,

i nput / out puteBPRcdrYicy 814 70frh?é1drr@mrllg/uténwinée(l P devirce hE- | rféqrxﬁd%b/ -power
circuitry 846, hd s%“s‘!&%?rﬁ@%@u gHeh aa§atw 8Nt SERSRESodsOthadedRE N NY
whet her a nenory c isin alowthreshold conducting state or in a

hi gh- thresﬁmeaatrﬂ?ﬁderb@mf%@eétoat@ta Théh¢ pragstseat’/8d apewekerdnieefitiony 816

includes poygcSHRR! YroebieHi7oby tl&menwry Qfékztcl’eyurﬁﬁaoé Qhd OV RGiRs
ref erence vol tage CIrCUItr¥%884fOI‘ rowdlng first wordline with

pul ses, ci rmt?@e 88y ¢lgtnin ¢ O Far i al et b B e O%Pﬁrhen@%wﬂr pUd-s8s,  and

circuitry 888mbsrahniayigs agd ther/bi ddvidee sty wﬂtﬁﬁsugm@cﬁ@tmﬂh@og al so
i ncl udes a pr ocessor 82§®gpr ocessi ng. circui tr%},h’@ﬁor menory controller for

menory acce¥$PhGPeBHgrs L cagsoingyuCns 48 e ffom iths Pemery #EXSFy devi ce
802 to st ormmﬂtcaewcawddem lecﬁfsoﬁﬁ&ﬁﬂﬁle&ZZtI&nﬁeﬁﬁByy bewe@rrf)tsguaadesta o]
retrieve the store evi ce 82] The neno evi ce
802 recei ve “td%H?tr]é‘Fl”géé%afla%‘En‘B%&C?eF ﬂﬁeﬁl?éyéﬁg‘%s%%ﬂ“@% gvoéﬁly \‘}Heﬂ%ﬁ}j or
metal | i zat i @OM) rt&slcea'henmmfrpyeﬂevde@e:e%s&chSasuaeﬂolbp:y sligr eridatadwhi ch 1s
accessed V|aI/OI| illed in the art

that addi tiGAHCE! EE‘TSIP rﬁ(tn};/l[\l\%fw(:%n §|r 'ngfygﬂ%gﬁn B 5&0"\’/1 dEHCTAHY t hat  t he

menory devigen8B2dhas alheenmrermhdlfmgedui «ilshedspref abuis aon dfhiéei ilvemitcon. At

| east one of the processor fybms% fcgmagz can, i c&eude a_nenory

constructi oer%e(i)tflc% C"‘%ly"“e“ésesaé‘h%aé’a pr 8vi ou O i osﬂnreén.or{' 0083] The

vari ous il lagtmattiethssy stengamfe wilth saldm&cdsosus @fahaepnemr&mmeeahtibo.
[0081] Fig. 13 is a simplified block diagram of a high-level organization
of various embodiments of an exemplary electronic system 800. The system
800 includes a memory device 802 (memory circuitry) that has an array of
memory cells 804, address decoder 806, row access circuitry 808, column
access circuitry 810, read/write control circuitry 812 for controlling operations,
and input/output circuitry 814. The memory device 802 further includes power

circuitry 816, and sensors 820, such as current sensors for determining whether
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provi de a general understanding of various applications for the circuitry
and structures of the present invention, and are not intended to serve as a
conpl et e Wo=eor/Pvi3en of all the el enments and features ofPCanSediaoLyoni c
system using nenory cells in accordance with aspects of the present
invention. One of the ordinary skill in the art will understand that the
various electronic systens can be fabricated in single-package processing

units, or eygRmoby dc1singl aelosﬁmrsgfaWG&mucﬁhg Reatd Br eréjﬁfghttﬂrd'sﬁﬂlldcrﬂ)nt he
comuni cation tinme between the processor and the nenory device(s)

[ 0084] Appl | CRIPORE Figte néﬁ]i’ﬁr‘%uétéi‘tleg ROJFT | L e Sé?ééflﬂléﬁ% Eo‘é’%ts%ﬁ’i%yf or use
in menory rmghmjlueﬁ ,88d,eMmﬁtr|9I_r8|82%s prmmgfamtﬂwe@@ei v&@dyaruair@ﬁtﬂyoemlnﬂwerm
processor nodu] es nd a catio ecl fic nodyl es inclu

mul til ayer, prﬁu’ldt“?%:mepg%%ff@é@ %UBW“@I‘*F’C‘UFCWW %gﬁ ff)UP‘EOrYé‘}m%éheas?GB onponent
of a vari et\yomﬂmelxe@m pAMCE, &yﬁbﬁﬁﬁtrysmhf(ﬁSpravmhmﬁgikhe Bitlied evikspoiggs.a cel |
phone, a pefsonal an aut onob n i ndustr.i al.._contr ol stem an
D rorar s, Pahi Betsar SOF Hgass P ChROTPanE B2 i PR Rt OF Gl et
matter di sodanmdehecrremambasadmemgie%mebﬁd in maylgaa;geflgmxreé torindtess

specific as_to structurgd2 z%md nmet ical . e%a%ures e unfgerstood

however, that' the cYal n% are hot ?tﬁ‘l ]E’mc‘f %eprg(b%sé?lf |822f%r5{)urgs Shown and

descri b_ed, @infigerddne raeavs thesterdal djatsédo@smdmoyrpe‘hse%z(anpl e enbodi nent s.
The cl ai s @{Og%:{/hus tFge brg%lgf f OhQVlge fé‘b recg 89 cﬁ)%{rﬁl tsg(%l%[ ! X%X“}r drﬁdtheand to

be appropri inter a7V n"dceor dance Wi t
equi val ent sprocBsddl VB oyer Xign® 98 -mpoihiza emimygs.c elhle m@mrpry gtvige 882werd |ine

extendi ng 1L bk Hid SHLPRY accessea Balo hide FXEANHL Aol A PBGONd

direction erent fro I rst __|rect_|on_ t he bi wor d
| i ne crossithgsaniskiblgdt inpHyes it athly addinivaelk chnguigac nbicheanol amdals can be

provided, and that the memory device 802 has been simplified to help focus on
the invention. At least one of the processor 822 or memory device 802 can
include a memory construction of the type described previously in this
disclosure.

[0083] The various illustrated systems of this disclosure are intended to
provide a general understanding of various applications for the circuitry and
structures of the present invention, and are not intended to serve as a complete
description of all the eclements and features of an electronic system using
memory cells in accordance with aspects of the present invention. One of the
ordinary skill in the art will understand that the various electronic systems can
be fabricated in single-package processing units, or even on a single
semiconductor chip, in order to reduce the communication time between the
processor and the memory device(s).

[0084] Applications for memory cells can include electronic systems for
use in memory modules, device drivers, power modules, communication
modems, processor modules, and application-specific modules, and may
include multilayer, multichip modules. Such circuitry can further be a
subcomponent of a variety of electronic systems, such as a clock, a television, a
cell phone, a personal computer, an automobile, an industrial control system,
an aircraft, and others.

[0085] In compliance with the statute, the subject matter disclosed herein

has been described in language more or less specific as to structural and
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a capacitor capable of being repeatedly programmed to at |east two
different capacitance states forned between the word line and the bit |ine
wher e sucwoenos®y138he capacitor conprising a capacitor @celuseemioesipmt eri al
configured to prevent DC current fromflowing fromthe word line to the bit
line and fromthe bit line to the word line. 2. The nmenory cell of claiml

wher ei n: the capacitor conprises a crystalline sem conductive
net al - cont ahBinBgicARSSdRAt Tt $s @V BE ainhe@wdcmo%e&rr |th?5| tlhy Eakdsofte dRf i Ci ent
to formnobile cation vacancies in a space |lattice t he capacitor

di el ectric ity |t%|th?:éﬁiﬁlf1§ef§at&“’da?hr‘ﬁwé‘r apy élF%CtﬂbreflcSWﬁ’f‘ éP? a’i"l‘eafl%é’éffi}%d

bﬁt ween thled1‘s!‘&16§l:d| ¢d]1@pr@d§deﬁahﬁ)l@leh1bbﬂlﬁh&nltﬁ PRY 2168k a&@ﬂﬁgl tﬂﬁa&@ﬂﬂé@@ﬂ with
the crystal|ine sem conductiv ont ai ni.ng. mass and t hat |nperV|ous
to novenent “b‘fscf’ﬂ‘é ?r@[ﬁrﬁ SRETGn a{}g ﬁ%‘:la@%mf’% % Hi e PRESS 1 ?ﬁ(’é’r‘? “barrier
di el ectric waheid abctrihdref s@uvglemducti ve mass and the barrier dielectric
materi al being of different conposition relative one another which is at

| east characterized by at |east one different atomc el enent, one of the
sem conductive mass and the barrier dielectric nmaterial being closer to one
of the word line and the bit line than is the other of the sem conductive
mass and the barrier dielectric material, the other of the sem conductive
mass and the barrier dielectric material being closer to the other of the
word line and the bit Iine than is the one of the sem conductive mass and
the barrier dielectric material. WO 2011/100138PCT/ US2011/023190 3.
The nmenory cell of claim1 wherein: the capacitor conprises a

sem conductive material conprising nobile dopants within a dielectric; and
the capacitor dielectric material conprises a nobile dopant barrier
dielectric material received between the word Iine and the bit line, the
sem conductive material and the barrier dielectric material being of

di fferent conposition relative one another which is at |east characterized
by at | east one different atomi c el enent, one of the sem conductive
material and the barrier dielectric material being closer to one of the
word line and the bit line than is the other of the sem conductive materi al
and the barrier dielectric material, the other of the sem conductive

mat erial and the barrier dielectric material being closer to the other of
the word line and the bit line than is the one of the sem conductive
material and the barrier dielectric material. 4. The nmenory cell of
claim 3 wherein the nobil e dopants conprise oxygen atom vacanci es and the
dielectric wthin which the nobile dopants are received conprises an oxi de.
5. The nmenory cell of claim4 wherein the sem conductive material that
conpri ses nobile dopants within a dielectric conprises a conbination of
Ti2 and Ti2-x in at |east one programmed state.
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6. The menory cell of claim3 wherein the nobile dopant barrier dielectric
mat eri al conprises a netal oxide and the dielectric within which the nobile
dopants awe 20u¢@dM8d conprises a nmetal oxide, a netal ofCrhs2emaiiooxi de of
t he nmobil e dopant barrier dielectric material being different froma netal
of the metal oxide of the sem conductive material that conprises nobile
dopants within a dielectric. 7. The nmenory cell of claim 3 wherein

t he nobi |l e dopanks conprise nitrogen atom vacancies and the dielectric

wi thin which the nobil e dopants are received conprises a nitride. 8.
The menory cell of claim?7 wherein the sem conductive material that

conpri ses nobil g dopandssipéifit heamody ebi@ebmbeis@@pPri ses a conbi nati on of M
and AINi, in at |east one rograrm?.d state. WO

5011/ 100138PCT/ BSSOLTj T2 Gi1Te i @ Tirg EHO%enory cel | of claim 3 wherein

t he nobi | e dopant sitccampr éxaendihgoimi nesabam viacana estantk tthen dihel gekri c

W thin whic trt1e bi I.te .dopagtﬁ are [rl.ecei ved corrtgri 3@}% a {II uori de.

10. The menBF§7UCBI o PR SDSuYEr i E 1R Sk HBRYURPI R e 8HCHPE t hat
conpri ses mmbhloehedopants within a dielectric conprises a conbination of
MyF2 and MgF2-x in_at. | east .one_pyagranme tate. 11. The nenory

col T of ol ai m 3 “whuPeiht b o sy P RodE IR b b Gerammr e dor ket eFF e
conpri ses atiffecastcapnatafte ZtPRs (Si0R&] bSivaN4A, theéeMNordntheSuikd @ bit line 12,
The nenory cell of.claim3 wherein th em conducti vy rial th
conpri ses no ?rfesuﬁgpg%tsss’ vﬁx}et ﬁigpnacelatofjiC@ﬁlggfsﬁgc%ag%patcﬁggﬁﬁl télcdénﬁgeﬁ?ﬁ barrier
di el ectri c smtfigoical toapevim Physircalt froudhiwiggclommabt werthlione dreobier .

13. The ne y i {.-n.no other material is received

bet ween threm\{/\%? ‘:r{)rﬁlgL%%gq%r{?et%%P%mll%lkﬁielﬂﬁ'ut for the sem conductive materi al
that conprises nobile dopants within a dielectric and the nobil e dopant
barrier dielectnic rrzﬁlgrnieﬂor cell of clatr 1 Vagopnory cell of claim3 wherein
t he sem conductive materia %’hat conprises nobile dopants within a

di el ectric has dh¢ KRRIHESsCOMTGiPed anaIYSHdtRY SemiroBduiivomstadreentaings mobi | e
dopant barrjers @helectdha MBkeindlibas anigauiNatent, Bhdgobhtdaness from3
nanoneters to 10 nanoneters, and the robil e dopant barrier dielectric

mat eri al i sVa¥8ugips BkePPachatitictierdleni conducti ve material that conprises

nobi | e dopants Whd Rhpacioid@d18&tiki Gaterial comprises a barrier dielectric material

received between the word line and the bit line in physical touching contact
with the crystalline semiconductive metal-containing mass and that is
impervious to movement of the mobile cation vacancies from said mass into the
barrier dielectric material, the semiconductive mass and the barrier dielectric
material being of different composition relative one another which is at least
characterized by at least one different atomic element, one of the
semiconductive mass and the barrier dielectric material being closer to one of
the word line and the bit line than is the other of the semiconductive mass and
the barrier dielectric material, the other of the semiconductive mass and the
barrier dielectric material being closer to the other of the word line and the bit
line than is the one of the semiconductive mass and the barrier dielectric

material.
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15. The nmenory cell of claim 14 wherein the sem conductive material that
conprises nobile dopants within a dielectric is thicker than the nobile
dopant bawoizer/wdsBectric material, the sem conductive marars2ah/oeiiae
conprises nobile dopants within a dielectric has an equival ent oxide

t hi ckness thickness no greater than 50 nanoneters, and the nobil e dopant
barrier dielectric material has a thickness no greater than 10 nanoneters.

WO 2011/ 100138PGT/ US&Q;M&?&;L%@H of claim ﬂ@he{énnon volatile nmenory array
conprising: a plurality of word |ines; @ural ity of bit |ines crossing

the plurality of NSRBI fOR OMRgfRgs @ semicgniyaiivg) mplprigh Cﬁﬁlrﬁ’ﬁﬁsylgc@loPlsl

i ndi vi dual | yopaersreispandiibgcire; andi fferent one of the crossings of the
plurality of word lines an he plurality of bit lines relative to one
anot her, indi vi d’&:%lcaB?Cl{%egWi %&ﬁef%f COMIY 18T iy “é"tb‘%?pé@f’?r&r %&%ﬁébl e of

being r epeadlekélsgtlcprn@géﬁm@ei@dabed\&aﬁt tHewavodlil f fige edild clgpaci tianrcehst at es.

17. The menory array of cla 6 e capaci t.or conpr.is a

s conduet R yle fLEy SRl s B ¢ SRR R BB ¢ ang a
nobi | e dopamim;b)artrdnexrelaﬂ\el @et anoctharatlath ad at feha hemccondddly atdeasmtoaci al and
the barri er, ﬁtlren a% c. gpt H{ aonebgf ng Sgpfl%ggrfl u%Fngt con 05|C¥| on re{ ative one
anot her whi¢ Teast "charact @ri ze gastione erent “4t oni ¢

el enent, ondebftrichmaseia domguddieveao mmb@rfnhd: vand linkeandahe |betrhn:h tHaedkri c

ggf_ rez!sglonglehn%thero%gﬁ? né) 1co§ducltlvehrgatmplaldar}c# ﬁ'lt%hb%rrllert gl‘%ﬁ:% rlc Q:?l } t%iﬁ

senm conductather phtler scabicamdhictine nmar:maleanddﬂel egtier (dlqimtaplrafhterlalhbelog her of

the senico (ﬁg&&'t\éeth L8 ROYRARALEL e HEliRELALE TRLEThal gL N

cl oser to the other e wor I ne and ine corresponding to the
i ndi vi dual Iyiueew makegral jagd theebaynier dielachiec g@tdrgdnduct i ve material and
the barrier dielectric material. 18. The nenory array of claim16

wherein the capacitor conprises a first el ectrode electrically connected to
the word |ine cdr resﬁbﬁd@ermg)rwetlhé qlgien ¥iveheasiniberdropile eloparis ¢ ogpsiseond

el ectrode el8Gth 'a%le |v§éc&Qﬁléle&ideﬁiletcﬁelwﬂ?lcbxkzhhm' WRicRARE SRPPRM P ntsOart he
i ndi vi dual nenor , the first electrode having a different conposition

t han the woicgeiVg éo@ﬁl?lﬁeés‘aﬁdﬁﬂii%g to the individual nmenory cell and the
second el ectrode having a different conposition than the bit |ine

correspondi ng t & t herThaghsthslyalelINBNEY @8k hercinMie semiconductive material
2011/ 100138PCT/ US2011/ 023190

hat comprises mobile dopants within a dielectric comprises a combination of

TiO;, and TiO,« in at least one programmed state.

6. The memory cell of claim 3 wherein the mobile dopant barrier
dielectric material comprises a metal oxide and the dielectric within which the
mobile dopants are received comprises a metal oxide, a metal of the metal
oxide of the mobile dopant barrier dielectric material being different from a
metal of the metal oxide of the semiconductive material that comprises mobile

dopants within a dielectric.

7. The memory cell of claim 3 wherein the mobile dopants comprise
nitrogen atom vacancies and the dielectric within which the mobile dopants are

received comprises a nitride.

8. The memory cell of claim 7 wherein the semiconductive material
that comprises mobile dopants within a dielectric comprises a combination of

AIN and AIN; in at least one programmed state.
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19. A nmethod of reading a nenory cell, conprising: appl ying an AC
vol tage signal across a word |line of a nenory cell and a bit line of the
menory cewD,2otiworsenory cell being configured to be sel ecrivsedy/opsiogr anmred
in any one of at least two different static states; sensing a current
on the bit line of the menory cell, the current resulting fromthe applying
of the AC voltage signal; and based on the sensing, determning in

whi ch of the at d eastrnt Wk gffc%ﬂeﬂtcl§1r{rag|vﬁie$é1ﬁttﬁ§ n{dmermlﬁeﬁtx c@)ﬁiplnsbs
programed. 20. The nmethod of claim 19 wherein the nenory

el |
conpri ses aﬂ%%{tfé?c‘i‘t?@rva&éﬂ’ﬁﬁ arhife delrshig EltBHb%(Ht(’hbtﬁF rl?‘éPlea‘?%aBEtarch
materi al; aRbeived compri&8N genduct i ve material conprising nobile dopants
within a dielectric, the sem conductive material and the nobil e dopant
barrier dielectric material being received between the word |line and the
bit Iine, the sawi conduatidnv@ynrilessi @hind9twhdreinbaierdearicdhidabeed fiacernmt eri al

being of different .conposition relative ane another Wmch i

ohar acter | 288° BB PST ISP PAVEhE SEGATE ETRRANE o SHETBRIPRET

sem conductMyg®, mmt 8fgral, iaadlehfieonegrrvg@mntidedtect ri ¢ materi al being closer to
one of the word line and the bit line than is the other of the

sem conducti ve ter and t he Far r| er die ectr Fe ot her of
t he sem conduct H\?e lr?er al and Eéllpﬂrlgertl éhcet Fniolbele (fé’rhflta “Bei n

cl oser to tdieleotriremandridlheormmoiigts| atngaandne he Zr(Dz,I pite, tHew, |@eINhendme of
the sem cong ;ﬁ Hive material and the barrier dielectric material. 21.
The met hod 'of cf'aim20 further conprising removing the AC vol tage signal
fromthe nmenory cell and wherein the capacitor has substantially the sane
capaci tance pri de-t oThhenapplyydehgofoflainné VB vol thagemsigriaktias mafael the
renovi ng of | iehi : t l.akm 19 wherein
during the t&%ﬂ? rﬁ%éseg ﬁ% ‘7&" %"{%%13 as?lé%gfm %Sdr{r}%n@% eoé%pcdfl?g%rgeae bi t

li ne into theleperongtesia] prean phyficlstouplypepniapt vithwnandotheom t he nmenory
cell tothe bit line at a second nonent in tinme subsequent to the first

nmonent in time. j3 Tthme;ﬁla?y neiihed ahig! 8 %ﬁe?el‘{’m%ebﬂle} hﬁaéﬁ@ﬁ'@g of the
current conprises sensing the current when the AC voltage signal is
pel’l odi c. received between the word line and the bit hne but for the semlconductlve

material that comprises mobile dopants within a dielectric and the mobile

dopant barrier dielectric material.

14. The memory cell of claim 3 wherein the semiconductive material
that comprises mobile dopants within a dielectric has a thickness from 4
nanometers to 50 nanometers, the mobile dopant barrier dielectric material has
an equivalent oxide thickness from 3 nanometers to 10 nanometers, and the
mobile dopant barrier dielectric material is no thicker than the semiconductive

material that comprises mobile dopants within a dielectric.

15. The memory cell of claim 14 wherein the semiconductive material
that comprises mobile dopants within a dielectric is thicker than the mobile
dopant barrier dielectric material, the semiconductive material that comprises
mobile dopants within a dielectric has an equivalent oxide thickness thickness
no greater than 50 nanometers, and the mobile dopant barrier dielectric material

has a thickness no greater than 10 nanometers.
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WO 2011/ 100138PCT/ US2011/ 023190 24. The nethod of claim 23 wherein
the sensing of the current conprises sensing the current when the AC

vol t age swonaiv/tasssa substantially constant frequency. PCT/US2@3/023ibe mnet hod
of claim 23 wherein the sensing of the current conprises sensing the
current when the AC voltage signal is substantially sinusoidal. 26.
The nmethod of claim 19 wherein the AC voltage signal, in steady state,

conprises a domigant Af RAUSAGK GERBANSMy baWpAgng frequency greater than or
equal to 100 Mz during at | east some of the applying. 27. The net hod

of claim19 wherdlRaliREoE¥RES HECHBf the current conprises sensing the

curL egt }A/neln _thalpgcrva\gli@} bage 1ﬁ1ieg2;édssiinlg th@p&r@l‘i@&?}/s&;}(&ﬁdhﬁs; and 28. kTheI

met hod of claim erein the vol t age signal has a peak-to-peak voltage
of at least 1 vAIRVHUY AGMEMIREHS Syl Ty ﬂ%rrssaﬁr@inﬁdw iHfefe§Gic e

met hod of cdfathd &Bshgr ef nhd peuralityr eNtwdrs léneki 4usit theupluenity astdbit hemegENOr Y
cell is pro{g[ﬂz}mretd in a Eirst domﬁ qf fttge at Ieas£5 two different sttatic
states and PhRP CEPIT g R RS YHEC JRHRYNCRP ORI st BRI @At :

pr ogr anm ngeaphielenemiyg cepdatddiy aregenncdomweatoeadtheroatiffeeast capwa tadick f er ent
static states; applying the AC voltage signal to the word line while

the nmenory Cert s programmed in the second one of the at |east two

different static states; sensing a second current on the bit |ine,

t he second current r | ting. from ying of the AC vl si gnal
uhi 1o the. memory cel 1if Ry AT SR APRELITCR mt Mo it b BPRe SR g
di fferent staticendstraresatéinid arpirdng urabelet ddpensgwathin eaktlettnmccendag | ar ge

as the fi r%oﬁi‘t‘é (6 ARG dielecfr?caﬁl%ﬁer&ﬁ‘, [R&e GEE'&id’&gti% n%aff'&aaﬁ%‘antﬂ current,

determ ning that the nenory cell 1s programmed in the second one of the at
| east two didfier drslecstignatersalghaagg of different composition relative one another

which is at least characterized by at least one different atomic element, one of
the semiconductive material and the barrier dielectric material being closer to
one of the word line and the bit line corresponding to the individual memory
cell than is the other of the semiconductive material and the barrier dielectric
material, the other of the semiconductive material and the barrier dielectric
material being closer to the other of the word line and the bit line
corresponding to the individual memory cell than is the one of the

semiconductive material and the barrier dielectric material.

18. The memory array of claim 16 wherein the capacitor comprises a
first electrode electrically connected to the word line corresponding to the
individual memory cell and a second electrode electrically connected to the bit
line corresponding to the individual memory cell, the first electrode having a
different composition than the word line corresponding to the individual
memory cell and the second electrode having a different composition than the

bit line corresponding to the individual memory cell.
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30. The nethod of claim 29 wherein the second current is at |east five
tinmes as large as the first current. WO 2011/ 100138PCT/ US2011/ 023190 31.
A et hod wb 2priogoesemi ng a nenory cell, conprising: appl ycmgsaoiD@23100 t age
across a word line of a nenory cell and a bit line of the nenory cell, the
menory cell conprising a capacitor; as a result of the applying of
the DC vol tage, changing the capacitance of the capacitor froma first

val ue to a second. valugethWb i @édlit I8 nf@cARdeMatdifprisingdt | east twice the
first value; an renoving the DC voltage from between the word |ine

d _ : !
and the bit |inéPPlyes &F A hellasgragtal 4r0ss ardtidae §f & BREPhscdt 21ha second
val ue aft erpit @e @ MBY MRGod§ ctINEthPndtBbiya@®. being confBured R biBEROGVAYF Cl ai m

31 wherein the applyjng of the vol t conprises applying the DC voltage
to cause nﬁpg@ﬂﬁgﬁgmgﬂytQ}lenq)f\ﬁé??c%{)W%gggW%tgﬁﬁpmfcitm?@ nmass received between
the word |ine andndile akeiutrehi me tHeovialide af bk @oclopantthbanire@rresiilehgctri c
material received betwee h rd Iine and the bit line to increase the
capaci t ance 'of" tﬁ%épfglﬁﬁgc?r}tth? %fd\g%taa?els %\‘ka? ¥baci tance state to a higher
capaci tance st atbased bie tisepancorgddetermeningss warich bhehembiche tdopdifterdnar ri er

dielectric terial bei n&ogf Mifferent conposition relative one another
er

which is at®'1'gast cﬁ%errélg zedlsbg/roéfanf%as't one different atom c el enent,

t he nobil e dopant barrier dielectric material inherently shielding nobile

dopants from nowi,ng into bl pa barrier dielectri erial by
t he appl yi ng of \Qtohe \l;dﬂigt%égtgsd%q Claﬁégg 3iyﬁérerlns\tt%eoEnec‘)]?orgI %ﬁqmcg pﬁéesr%i n the
appl yi ng ofcaphatdCongirtsage conpri ses applying the DC voltage for |ess than

100 m crosecondsd.m%ée/%%# %ngijeg%%ggt%@%pajtyb%’zg%(??age and34- The et hod of

claim 31 wherein the tage is a first I : further
conpri si ng: a gpptyidugtiae sewdncl DCovekisage bebieedopdnes wordil i me and

the bit 'inﬁelﬁkﬂfc,, $6C QN Rt eivt 398 NAVIGLE iR ddphnPRRORE Wil hAL Of a
polarity of the first DC voltage;
material being received between the word line and the bit line, the

semiconductive material and the barrier dielectric material being of different
composition relative one another which is at least characterized by at least one
different atomic element, one of the semiconductive material and the barrier
dielectric material being closer to one of the word line and the bit line than is
the other of the semiconductive material and the barrier dielectric material, the
other of the semiconductive material and the barrier dielectric material being
closer to the other of the word line and the bit line than is the one of the

semiconductive material and the barrier dielectric material.

21. The method of claim 20 further comprising removing the AC
voltage signal from the memory cell and wherein the capacitor has substantially
the same capacitance prior to the applying of the AC voltage signal as after the

removing of the AC voltage signal.

22. The method of claim 19 wherein during the applying of the AC
voltage signal, current flows from the bit line into the memory cell at a first
moment in time and from the memory cell to the bit line at a second moment in

time subsequent to the first moment in time.

23. The method of claim 19 wherein the sensing of the current

comprises sensing the current when the AC voltage signal is periodic.
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as a result of the applying of the second DC vol tage, changing the
capaci tance of the capacitor fromthe second value to a third val ue,
wher ei n twe 2bhiwoi3sal ue is | ess than the second val ue, IpgTABAGILOL31ONE
nobi | e dopants to nove away fromthe nobile dopant barrier dielectric
material; and removi ng the second DC voltage from between the word
line and the bit line, wherein the capacitance statically renmains at the

third value aften. th@héeﬁet\ﬂoagopfel;lhﬁ 2$em@f.b PGhYOoLldn@BR. of the cwdentThe
nmet hod of claim 34 wherein the thi val ue is substantially the same as the

first val uecomprises sggsingrjihe Fr‘értr?deW]&?n Hicatfn BA AR 213) hape f‘PﬂSParS‘“@HY ue is

| ess than halnktaaf fiehgengg@cond val ue. 37. A nmethod of witing to and
reading froma nenory cell, conprising: witing to a nenory cel
conprising a capacitor by applying a wite vol tage between a pair of
opposi hg conductlisve EhecméomeSODhﬂmheQGapaekﬁ@nheaﬁmsmg of theadlirngtf rom the
menory cel | p an AC read volt en the pair of el ctrodes
ond sensi ng CUHTERPuga B gt EBn e AT R YRR 148Gl age.
2011/100138Eﬁmhh52011/023190 38. The nethod of claimO wherein the

capaci tor conprises: a nobile dopant barrier dielectric material; and

a sem conductiv chat i al 9 | nopi | e QPAAt S W t hin ctric,
t he senlconduct?Ve %P%PFQ (gﬁé f eqﬁo ?Iguhgba 8&?%?8%“89 Pé%?g
mat eri al beitmg. cempnvadabenmmamihhmemaicompompmd@wng mdnducmnwgmekmctrodes,

the sem Contﬂ%%wﬁaﬁé %{)ﬂhzacﬁ‘u% NG 1oAY rsbl%rmg ehfp pidin material being of

different conpositionre i'Ve orfe anot her "l east characterized
by at |l east one different atomc eLenent, one of the senlconductlve
mat eri al and the&7bar fher mdiheleef rdl@amdPemihaicibeihngsaisogert tbe onaraft t he

pair of ele (foflﬁcﬁ}ijs% sé&%{kr{h% ctqu;%HPEVH tl%fAégW%hégé‘k Bgldi‘égﬁ'avs‘?ea@?ts?aﬁé al and the

barrier die tric mat e ot conductive’'material and
the barrier dielectric material being closer to the other of the pair of
el ectrodes than 28s t Akeonethed afhelagend%coiducnithe Mat erliage siaeplths bBarri er

dielectric ﬂ’@kgf)lp%lak voltage of at least 1 volt during at least some of the applying.

29. The method of claim 19 wherein the current is a first current and
the memory cell is programmed in a first one of the at least two different static
states and further comprising after the sensing of the first current:

programming the memory cell in a second one of the at least two
different static states;

applying the AC voltage signal to the word line while the memory cell is
programmed in the second one of the at least two different static states;

sensing a second current on the bit line, the second current resulting
from the applying of the AC wvoltage signal while the memory cell is
programmed in the second one of the at least two different static states, the
second current being at least twice as large as the first current; and

based on the sensing of the second current, determining that the memory

cell is programmed in the second one of the at least two different static states.

30. The method of claim 29 wherein the second current is at least five

times as large as the first current.
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39. The nethod of claimO wherein the applied AC read voltage is periodic
during the reading. 40. The nethod of claim 37 wherein the wite
vol t age iwoaoDAoBBt age. 41. A conputer system conpri SPOE/USPENNL23190
circuitry conprising: a plurality of word lines; a plurality of bit lines
crossing the plurality of word lines; and a plurality of nmenory cells
individually corresponding to a different one of the crossings of the

plurality of word. ||¥\eﬁe@1@d otffiseog}whﬁhg Wm@foRidenll toaprisigkative to one

anot her, individual of the nenory cells conprising a capacitor capable of
being r epeat ed| PRI aﬂﬁ%&olﬁ%seaﬁcrwéa?swmf%mapf Fé‘%eé‘i‘ﬁrycfﬁﬂaaéﬂtaa‘?f&ém%t at es;
and o Q68 Sifinit@y Gl Clbleti gy @ONTBMYrGaid 98aplcibr;t he memory circuitry

and configured to: instruyct the cjrcuitry to store data in the
menmory cells; arfd at%?SPlétOE'th?/ép?lﬁé“gd%{ ﬁwf bGrﬁ‘tlF‘f‘éew@%ﬁgWgc cupprpnce

of the capacitor from a first value to a second value, wherein the second value
is at least twice the first value; and

removing the DC voltage from between the word line and the bit line,
wherein the capacitance statically remains at the second value after the

removing of the DC voltage.

32. The method of claim 31 wherein the applying of the DC voltage
comprises applying the DC voltage to cause mobile dopants to move from a
semiconductive mass received between the word line and the bit line toward a
mobile dopant barrier dielectric material received between the word line and
the bit line to increase the capacitance of the capacitor from a lower
capacitance state to a higher capacitance state, the semiconductive mass and the
mobile dopant barrier dielectric material being of different composition relative
one another which is at least characterized by at least one different atomic
clement, the mobile dopant barrier dielectric material inherently shielding
mobile dopants from moving into the mobile dopant barrier dielectric material

by the applying of the voltage.

33. The method of claim 31 wherein the applying of the DC voltage

comprises applying the DC voltage for less than 100 microseconds.
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34. The method of claim 31 wherein the DC voltage is a first DC
voltage and further comprising:

applying a second DC voltage between the word line and the bit line, the
second DC voltage having a polarity opposite that of a polarity of the first DC
voltage;

as a result of the applying of the second DC voltage, changing the
capacitance of the capacitor from the second value to a third value, wherein the
third value is less than the second value, by causing the mobile dopants to
move away from the mobile dopant barrier dielectric material; and

removing the second DC voltage from between the word line and the bit
line, wherein the capacitance statically remains at the third value after the

removing of the second DC voltage.

35. The method of claim 34 wherein the third value is substantially

the same as the first value.

36. The method of claim 34 wherein the third value is less than half

of the second value.

37. A method of writing to and reading from a memory cell,
comprising:

writing to a memory cell comprising a capacitor by applying a write
voltage between a pair of opposing conductive electrodes of the capacitor; and

reading from the memory cell by applying an AC read voltage between
the pair of electrodes and sensing current resulting from the applying of the AC

read voltage.
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38. The method of claim 0 wherein the capacitor comprises:

a mobile dopant barrier dielectric material; and

a semiconductive material comprising mobile dopants within a
dielectric, the semiconductive material and the mobile dopant barrier dielectric
material being received between the pair of opposing conductive electrodes, the
semiconductive material and the barrier dielectric material being of different
composition relative one another which is at least characterized by at least one
different atomic element, one of the semiconductive material and the barrier
dielectric material being closer to one of the pair of electrodes than is the other
of the semiconductive material and the barrier dielectric material, the other of
the semiconductive material and the barrier dielectric material being closer to
the other of the pair of electrodes than is the one of the semiconductive

material and the barrier dielectric material.

39. The method of claim 0 wherein the applied AC read voltage is

periodic during the reading.

40. The method of claim 37 wherein the write voltage is a DC

voltage.

41. A computer system comprising:
memory circuitry comprising:

a plurality of word lines;

a plurality of bit lines crossing the plurality of word lines; and

a plurality of memory cells individually corresponding to a
different one of the crossings of the plurality of word lines and the
plurality of bit lines relative to one another, individual of the memory
cells comprising a capacitor capable of being repeatedly programmed to
at least two different capacitance states; and
processing circuitry in communication with the memory circuitry and

configured to:

instruct the memory circuitry to store data in the memory cells; and

to retrieve the data from the memory circuitry.
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