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Menory Cells, Menory Cell Programm ng Methods, Menory

Cell Readi ng Methods, Menory Cell Operating Met hods,
wapeohkrms y Devi ces TECHNI CAL Fl ELD Enbodi ment BCT/US2008/084422

di scl osed herein pertain tol nenory cells, nmenory cel

progranmm ng net hods, nenory cell readi ng nethods,

menory cell operating nethods, and nennry devi ces.
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configured in one of the resistive states t he

mat eri al nay have a high resistance to el ectrical
TEC NIl Fifg9ntrast, when configured in the other
— T1esrstrve state, the material may have a | ow
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nunhbas'&uﬂnﬂhﬂ@qf&éb§%§nce state, the material may be
configured to be in a | owresistance state by applying
a voltage across the material. The resistive state nay
ent. For exanple, once configured in a
state, the material may stay in the
I @&ds Pt W r SRI® a@VEY tnfenf1Ri d8Yayau QUL heAibriAPEaFable of being
voltage is applied to the naterlal Furt hernore, the
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in WHlul YRE i de Q1 ¢ Ia@%flggl‘écﬁ CHE rcﬁgﬁgéc?hgﬁgo&%girﬁ)&ﬂ érgals. For
I's a schematic gram of a nmenory ce
example, if the material is in a high-resistance state, the material may be

BAC

configured to be in a low-resistance state by applying a voltage across the
material.

The resistive state may be persistent. For example, once configured in a
resistive state, the material may stay in the resistive state even if neither a
current nor a voltage is applied to the material. Furthermore, the configuration
of the material may be repeatedly changed from the high resistance state to the

low resistance state or from the low resistance state to the high resistance state.



Fig. 4 is a schematic diagramof a nenory device. Fig.
5is a schematic diagramof a nmenory device

WO bdousdr4at i ng a current. Fig. 6 is a schemati cPAi/ag10881084422
of a nmenory device illustraing another
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" turmemy. be associated with the high-resistance state
and a bit value of "0" may be associated with the

| owresi stance state. The nmenory el enent may include a
bi pol ar nmenory material. A positive voltage applied
across the bipolar nenory material may change the
configuration of the bipolar nenory material froma

hi gh-resi stance state to a | owresistance state.
Furthernore, a negative voltage applied across the

bi pol ar nmenory material nmay change the configuration

of the bipolar nenory material froma | owresistance
state to a high-resistance state. Alternatively, a
negati ve voltage applied across the bipolar nenory

mat eri al may change the configuration of the bipolar
menory material froma high-resistance state to a

| ow-resi stance state and a positive voltage applied




10

15

20

25

30

across the bipolar nmenory material may change the
configuration of the bipolar nenory material from a

wo oM 0eRIitSt ance state to a hi gh-resistance. PCT/US2008/084422
Accordingly, a bipolar nmeno¥y material may be
configured in a first resistive state using a voltage
having a first polarlty and may be conflgured in a
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from 208w kb HStanRERRathdta A 0L4i80GR3RRLI €d to the mermory

Alternatively, a negative voltage applied across the bipolar memory

material may change the configuration of the bipolar memory material from a
high-resistance state to a low-resistance state and a positive voltage applied
across the bipolar memory material may change the configuration of the bipolar
memory material from a low-resistance state to a high-resistance. Accordingly,
a bipolar memory material may be configured in a first resistive state using a
voltage having a first polarity and may be configured in a second resistive state
using a voltage having a polarity opposite that of the first polarity.

Examples of bipolar memory material include ionic conducting
chalcogenides, binary metal oxides, perovskite oxides, colossal
magnetoresistives, and polymers. Example ionic conducting chalcogenides that
may be used as bipolar memory material include GeS, GeSe and Ag or Cu-doped
GeS and GeSe. Example binary metal oxides that may be used as bipolar

memory material include HfOy, Nb;Os, Al,03, WOx, Tay0s, TiOy, ZrO,, Cu,O,
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el ement increase from-0.6 Vto 0.2 V, no current, or

a negligible anmount of current, for exanple |ess than
wdaomwosa4mnp, flows through the nmenory el enent PCT/US2008/084422

However, at a voltage substéantially equal to a turn-on

vol tage 104, the nenory el ement begi ns conducti ng

current. As the voltage across the nenory elenent is

and Nlnér eé?%%g?%% éﬁ@oﬁ%{)o?ﬁﬂe \égcllée%gﬁla}% n%)heus%goa%nl; é)%iar memory

cOrren MeNor y i NCrease
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of the current with voltige depicted in Fig. 1 results
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e memory el ement
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menory el ement. In this high-resistance state
The meteorays dlserrbabonayrdpvevided dgi whgndee xoim pleotsith or thaloasean
once a. voltage greater than or

eXhmﬁgﬂﬁfhftoﬁﬁqﬁ)gﬁ SRR agAak o applied to the nenory

eRem@iing t1EigENDL ¥h@iterRNlcsienf baMeRamHIS¥ffa tdlaBonship 102
| ow-resi stance state as evi denced by the fact that the

betwwvam%m&le%é@|ari§e@mmwé@mﬁgt titiadhyt in i gh gesistance state
and clégr\#agsiﬁr%ﬁl%ﬂ g Ihgﬁl%’ryt gﬁ@é%lﬁ%ggﬁnﬁq {FY, oq?agesghfl){e

I've®and have a reS| stance O out a

memdﬂ?%l&ﬁftdltoﬂms coqurﬁifer big ot @ndrieQof the Bipohar ine2®fy materials
depi cts one exa 38 e of a relationship 202 between

descrxhﬂdt e aparedVy sligswawsrthabpeveHeSPhiaPPHEH O] the tpgmory
elemd@WnE&SHsE HROGE. 0383& € P88y 'n%e&ﬁé’r&v%r%ﬁ glﬁ%fb?@taﬁmlﬁlt of

runni ng through the nenory el enent resu romt
currenplfbagesmplhdess @OD 1 Inbiesd mateSldwathourghettesmemory element.

How Gk LIRS Trel LOHTR GRERLST, Lan abott, 0 25 Vi 8ree o
elemtﬁit%lﬂg f:@fl%@ct‘ﬁ@%ﬂheéﬁ% NA CIHEC W ltag M ERAYLHE B SBEY @Mment
is increased beyond turn-on voltage 104, the amount of current conducted by the
memory element increases with the voltage without current clamping. The
flattening of the current with voltage depicted in Fig. 1 results from current
clamping of a measurement circuit.

Thus, chart 100 illustrates a change in the resistive state of the memory
element. Initially, the memory element is in a high-resistance state as evidenced
by the fact that the memory element does not conduct current or conducts a
negligible amount of current when voltages smaller than the turn-on voltage are
applied to the memory eclement. In this high-resistance state, the memory
element may have a resistance of about or above 10° ohms. However, once a
voltage greater than or equal to turn-on voltage 104 is applied to the memory

element, the memory element configures itself in a low-resistance state as

evidenced by the fact that the memory element begins conducting current. In
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current increases with voltage. As the voltage is
decreased bel ow about 0.25 V, the current through the

woreom0y14et enent accordi ngly decreases. As the ROI/USTHES/084422
appl i ed across the nenory e enent becones negati ve,
the current through the nenory element is also
negati ve. However, when the voltage applied acr oss t he

. r i §..S t ual to a turn;

his BT BEEO LRSS R ke gt Rl one

have @lresBindeSoSubsiwntéwl thyuzatdohAs. t he voltage is
further decreased below the turn-off voltage, the
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resul g dtRepLhE vl Brees anf A U0ad s tigit ettt qHEte GpRIIGPE from
volta%%\/\%?&@elzﬁl‘]anaé@mﬂgpb'Se@ a0 stlﬁﬁa%%r Yeng! Olwhich resP ts from

ver, once a voltage [ess than or equal t'o turn-o
currendt taaigm n20aif asncaqeplremdnt olrt:tnﬂ n&mdropteherentent tchenping, the
el ene

currefl ¥ escy Bces L chddle DG ds R S e helacee 025 V.

the cﬁrlﬂ@ntfﬁﬁbugﬁQhetﬂ&nm[é&n@ﬁﬁﬁ@&ﬁdﬁ{?@%&?@%&t | A the voltage
current or conducts only a negligibl & anmount of

apphedmﬁems thp memesy cdsmsnt bn@enc@nﬁgguivedthmcument through the

memorﬁ/ r{lﬁ Ilsl%%?scoengéaatt 9& té{oe rreegg | neycgalt%e%/?%]glée& across the

resi stance

mem(giyee”ﬁ:ﬁfen& ha@ubﬁtaﬁimﬁlﬂy ¢qudlubnr ﬁﬂnv@ﬂﬂ\&gﬁagjeoﬂ(ﬂ StheGmount of
Eﬁﬁl ed to the nenory element. The nenory el enment nay
currepietgPHeh the HeemiogH eﬂ@@ﬁ@t B st e vero i Asnideviliagsels

furth%]risdgeaoqg‘lﬂée%pbeﬁ& e WB?T \ﬂ%g&%tthe%%? e[nqltﬂ?él}r@ﬁih I'Bi memory

resi stance state o nory e emen
elemeiﬂsremabedsabsnaonavkylzaa‘ml e since the high-resistance

S chan er tiime as lon a vol tage
&Eaf eF %ﬁ?ﬁﬁdﬁl ghings leﬁewlwagﬂgatmf the mgmory
eleme@ﬁpll'r)?tqlaltl? tthieem'gﬁ{ﬂ}&yel@{n%ﬂ?% 115'&@ LA | ¥sisitih &OBte as

cases, onte configufed in the |owresistance state,
evidenhed by the fact that the memory element conducts current When voltages

greater than turn-off voltage 204 are applied to the memory element. However,
once a voltage less than or equal to turn-off voltage 204 is applied to the
memory element, the memory element configures itself in the high-resistance
state described above as evidenced by the fact that the memory element stops
conducting current or conducts only a negligible amount of current.

In some cases, once configured in the high-resistance state, the memory
element may remain in the high-resistance state as long as a voltage greater than
or equal to turn-on voltage 104 is not applied to the memory element. The
memory element may remain in the high-resistance state even if no voltage is
applied to the memory element. Accordingly, the high-resistance state of the
memory element may be described as non-volatile since the high-resistance state
might not change over time as long as a voltage greater than or equal to turn-on

voltage 104 is not applied to the memory element.
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menory elenment may remain in the [ owresistance state

as long as a voltage less than or equal to turn-off
woelmwage4204 is not applied to the nenory el eneert/US1008/084422

fact, the nenory element nmely remain in the

| ow-resi stance state even if no voltage is applied to

t he nennry el enent . Accordingly the | owresistance

Stsq}rﬁl F\esdﬂ?gna'éye %I'E@r]:ton r@hsiﬁ tﬂgl svs?é'mﬂ?gc@?tate the

non- vo e since t ow esistance sta
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than HEﬁ’ﬂP? B et vplieee ihingh-2peLicditaribe memegy ghement. In

fact, the nha%fféléﬁan%ag%hﬁlm the 189«'1}/&'1&5@@,“&9%%11 if no

menory el'ement may be used to store one
voltalgnflsralmﬂlledrto t%@rmenmrpleéc:mantreﬁmcy)rdﬂmnmenlmm resistance state
resent.a bit val gn conf inth

of the, Rt pEn LSaARLmES ol §o M iher RSy e B LA e, sisf e dow-

resistahce ISR @PsHd ok athrige g ﬂll@l\é"z{seﬁin% ?snﬁ%oifa%teQess than or
Furthernore, the resistive state of the nenory el enent

equahigy tuge- @Efp‘e(dttmﬁ yo¢ hamgédpphed tpithe . m@mooy d¢ilemgeyt. t he

gh-resi.stance state
raret ot FEThefRendg e el SRuSHARE T BBy s non-
volatalied thd én sTROBY yleﬁhamay MRYyudel iNs@drk QWyel 188 i $tdi€ion. For
state representing a bit value of "1" at anot her

exampherehMGTROEY ﬁtemgvtnmlaarrlepresmé arkdprvelemehi Ponvism epnfigured in
the hY@—lfgs WRe sec‘g'ﬂese% F%t Egssen(faan?ﬁev tlﬁg gpﬁes‘%gn g]z)nfigured
that ~d ove. & g. 3, a nenory

escribed a errlng
in thedbWv-120Dtascd blaust Fattermdeapthe aalidtivdOOtateof yhesmanory

TR eSS S B TR oo

elem &R Rl de fHAE ﬁ?ghoﬁ%lﬁrang@ sB18fre g LAY AICRIBE D “0” at one
materral s di scussed above. Nenor 00 al so

momemciuties and\mhdlmmoﬂosleam@httmyﬂ]d In adsw3desisandcSiGie

repre@gﬁ?@{lé %e 1é%gtéllué) of g0 yan%ltheg"e Igtomseonzt in tlrcl:lg.n icr:ltn gﬂ)t/,othae

representation of bit value with resistance states can be the opposite of that

described above.

Referring to Fig. 3, a memory cell 300 is illustrated. Memory cell 300
includes a memory element 302 having electrodes 306 and 304. Memory
element 302 may comprise a bipolar memory material such as one or more of the
bipolar memory materials discussed above. Memory cell 300 also includes a
wordline 308 and two bitlines 314 and 316. Electrode 304 of memory element
302 is connected to a wordline 308.

Bitline 314 may be selectively electrically connected to memory element
302. For example, a diode 310 may be connected to bitline 314 and to electrode
306. When diode 310 is forward biased (e.g., forward biased beyond a cut-in
voltage of diode 310), diode 310 may conduct current from bitline 314 to
memory element 302, thereby electrically connecting bitline 314 to memory

element 302. In contrast, when diode 310 is not forward biased (e.g., when

diode 310 is reverse biased), diode 310 may hinder current from flowing from
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Bitline 314 may be selectively electrically connected

to nenory el enment 302. For exanple, a diode 310 may be
w@ormmetsesl to bitline 314 and to el ectrode 306PCTNISIV08/084422

di ode 310 is forward biased” (e.g., forward bi ased

beyond a cut-in voltage of diode 310), diode 310 may

conduct current frombitline 314 to nenory el enent

memﬁg)zelérﬁg tegg% t% g,ggme%mrff? e&tdwﬁg 3kiétéo dﬁ%@gﬁ, tlgmetnt 302

I n contrast
SO thﬁoﬁmmﬁirybeaﬂm‘ht(ﬂ)l;}is nothelre cthi odéy ﬁd)ﬁne&edameflslene 314

bi d O hi urrent fromf
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memgll_fl eln EBBHY. ?J&'E%ﬁ opggza%?ohg@tl 2%:5?@’6 %‘ﬁ{&%d 2itline 316

I's not electrically connected to bit
and t8igtetaply 306 t Whea @ibderhl2 befsstadtbivedd (ekedorivaad byased

ted t | t  302. , di od
beyoS43 fitlyi b0 BBRRAGULRE o 1B+ F1oHE SHA M oo it ek Feg om
mem§1055 ele\ﬂtﬂ&{‘t 0 DEs b3dind 514 @Eé’i@'b? élbé‘ﬁ?tgalf}ﬁc&nneétﬁ{é"ﬁfe%ory

bi'ased beyond a cut-in voltagé of diode 312),
ekﬂﬂ@ﬂQ3ﬂﬁyO¢nﬂUUEB1éuﬂnemnﬂﬁm@nwhenuhydeBd@@mnHBGZrW@nibumed

Ce-g- M birbafiodt PoRuRF TR ol ety URATT By oHe: from

flowidk2frosn Balinfeos V&6 ntynas el(e@n@n, 30hen feiRdRe@bey lefement 302
reverse bi ased), diode may hi nder current from

to biingp hg sprtbad metm@na/eelslre%rtto% iforgt elesHaerllBoonoeectpd dmbitline
316, Menory el ement 302 to bitline 316 so that menory
el ement 302 is not electrically connected to bitline
316 .sohre somBgaoatiorgunaneonsy clhemyr yoraptise My or more devices
npri se one or Epre devi ces that selectively

that s&?%(‘ct Y?lgaqu?tr% E‘?m}fw(@lye‘ﬁ]@me“ttéoél flrsrtgqlthne and/or a
secoft] blti}e RO o AIRRIGONG Y é)ldlﬂﬁle' rfﬁto%%gﬁcg{rl% trggg)g' ITFéHlOI'y

exanple, in one configuration, nmenory
elemerste3 @0 fmaysis¢ namssit Stamsistor ph peeceodf diatbe3 B(’l@ndm'jsea:ond

cans BSOS Sl AT PR, Sldode 212, en lurne, i,
curregffé%\?lri{ké g):eft‘lvlegﬁ b3dth AR 4 ARABL ¥R § BB eRP302, electrically
connecting bitline %/14 and memory element 302. When turned off, the first
transistor may hinder current from flowing between bitline 314 and memory
element 302 thereby electrically disconnecting bitline 314 and memory element
302.

Similarly, the second transistor may selectively electrically connect
memory element 302 to bitline 316. Devices other than diodes or transistors
may alternatively be used to selectively electrically connect memory element
302 to bitlines 314 and 316.

Memory cell 300 may store a bit of information via a resistive state of
memory element 302. In one configuration, the bit may have a value of “0” or a
value of “1.” For example, according to one convention, if memory element 302
is in a high-resistance state, the value of the bit stored by memory cell 300 may

be “0” and if memory element 302 is in a low-resistance state, the value of the

bit stored by memory cell 300 may be “1.” Of course, a convention in which a
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connecting bitline 314 and nenory el ement 302. Wen
turned off, the first transistor may hinder current

wo eaaodi4ani ng between bitline 314 and nenory ebP@ER1008/084422
302 thereby electrically disconnecting bitline 314 and
menory el enment 302. Simlarly, the second transistor
may selectively electrically connect nenory el enent

high- :}Q%s a%c%' Hgﬂenleef:ia'%néﬁvtklf%% A h?[‘ b I?l%r(l dlovgler:e(s:lgianﬁe state

nsistors e USG e
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stored by nenor 300 may course,
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i stance, state

was FrsgribeliSstn relyafdo Jrie”S) DTy HPTE P FOEH02 g that the

resisti®€dtatd oraAGMRR G Nt BBY DG oSSt QGE&rJHdnﬁoseitlve voltage
value of a bit stored by nmenory cell 300. According to

may bﬁélméﬁdn@p@rlé{tﬂmﬂledabﬁftww w@sciﬂtm@éo@oirtda@@hnaﬁ Ideso that

wordﬂgecﬁ(ﬁdlsb%o%%§%héqpﬂoql hﬂgh gqgln{al a]14 %%%H%SPSO?’%’EP%%O is

reveraﬂdnmdt hahe dioohed QEJEtagS rﬁ@y %Hdv&bﬂr&ﬁ@ﬁl a Piltaklibwst voltage of
ositive voltage nmay be greater than a cut-in voltage
diodb 10; dhe o Chtks, |t1é%§nﬁmﬁltag%@,ﬁddhetSﬁéo%fvo.lﬁageanw@é

substgﬁugllg%e%%ém@{ﬂguﬁ pe turn-off voltage (which was

escr ove Iinrelation to Fig. T) of nenory
ell&memi 01308 egrerit A2 istm)rrfegmmﬁl inea $batesBtam@naye, current

may ﬁ'ﬁ?v Bem i Esedtn i tf)ﬁrg B BLBER P b1l 0B rascd
diodd?8 12 k0®idift $96! MAlsed on the current, a memory device comprising
memory cell 300 may determine that memory element 302 is in a low-resistance
state and therefore the value stored by memory cell 300 is a “1.” For example,
the memory device may compare the current on bitline 316 with a reference
current or the memory device may use the current on bitline 316 to create a
voltage and may then compare the voltage with a reference voltage.

In contrast, if memory element 302 is configured in a high-resistance
state, memory element 302 may hinder current from flowing from wordline 308
through memory element 302 and forward-biased diode 312 to bitline 316.
Alternatively, memory element 302 may restrict an amount of current flowing
from wordline 308 through memory element 302 and forward-biased diode 312
to bitline 316 to a negligible amount of current that may be clearly distinguished
from an amount of current allowed to flow when memory element 302 is in the
low-resistance state. Based on the lack of current, or the very small amount of

current, the memory device comprising memory cell 300 may determine that
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wordline 308 is at a higher potential than bitline 314

and so that diode 310 is reverse biased. The second
woelmagasday be | ower than a breakdown vol t ageP©f/US008la84422

310. In sone cases, the first voltage and the second

vol tage may be substantially the sane voltage. If

menory elenment 302 is configured in a | owresistance

mem G LR EHAER s IDh AN LTTARCE LB Bt f W varue

storebithyl mken@lb6celBagedsand.ne current, a menory device
conprising nenory cell 300 may detern1ne t hat nmenory

ererather gshod of feadingumeaxqryt ¢alt 809 mare aaﬁanathwleffbﬁ Bsed.
Acco‘i(lfl%ﬁpllq)l #S5s Eﬁ&ﬁlgg erg?@%@h&ee%hﬁ%géﬂr@ ?%él IledOD tween

I'Ce may Cco urren
bitlinkei 314 ned S)Q@Iertel'B@zS seftanebiéined et atoh hig’}&rrﬁﬁj’tﬁﬁb&al than
evi ce ma e current on bitline 316 to create a
word ncgﬁt

am@g‘ﬁeal& d° e tehpareriad Rigrechgd hi firstpositive voltage
may 5@ %fﬁ@??hé’lpltl{@gﬁt it QOE[QEE roqst{defS lmrpésgltﬁzmegtsu%@%f the

i's Sconf igured in a esi stance state,
cut-ieivetregt B0H oda)B 1) mldathewmnenn vfuitalgnef(lemmhgzv;isr dmcnbed above

i e TS A SRR TSR SO % Wb st o

meméyt SleRddn VR Y is ABNRIYr Rl eﬂ%@tcoﬁ@%o@ﬁyvé 881thEEtm AP
anount of current flowing fromwordline 3087t hrough

Slmuh@wvhelb@n@nheabtzewrf bitliae B 1§ a@@wmdwe WIPs¢ phat bitline

li.n 1 nt .of en t. ma
516 1t oD Bl B T Sl B S e
biasedl Imbededdhd b@Wag\bmymamMOeeltﬁmatblaQﬁdmsnIvrbltzig% of diode
| ow-resi stance state. Based on the | ack of current, or

312. dReopes gassralthe diuneliage eadrtbatsecond viediegeymap \Picc e
Subgﬁﬁ k%hgggﬁﬁﬁpgg %ﬁe h300 may det erm ne that nenory

Is in i gh-resi stance state and

t emehory ¢leenonaldie standi by dnvnDigyw oekistBe $1atd current
readi ng nmenory. cell 300 may

may égvéﬁrﬁ\gfi’ggwnf@ feeniSese et Linds el Avd mamory
elemdi 302 RPSIIriiYifie VIS 2BE s ERYn AR ARRId R PELIEERe 308, a memory
device comprising memory cell 300 may determine that memory element 302 is
in a low-resistance state and therefore the value stored by memory cell 300 is a
«p »

In contrast, if memory element 302 is configured in a high-resistance
state, memory element 302 may hinder current from flowing from bitline 314
through forward-biased diode 310 and memory element 302 to wordline 308.
Alternatively, memory element 302 may restrict an amount of current flowing
from bitline 314 through forward-biased diode 310 and memory element 302 to
wordline 308 to a negligible amount that may be clearly distinguished from an
amount of current allowed to flow when memory element 302 is in the low-
resistance state. Based on the lack of current, or the very small amount of
current, the memory device comprising memory cell 300 may determine that
memory element 302 is in the high-resistance state and therefore the value

stored by memory cell 300 is a “0.”
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bitline 314 and wordline 308 so that bitline 314 is at

a hi gher potential than wordline 308 and so that diode
W@ i@iosi4idr war d bi ased. The first positive vol PEmESI088/084422

be greater than the cut-in19oltage of di ode 310 but

| ess than a sumof the cut-in voltage of diode 310 and

the turn-on vol tage (which was described above in

I
930004 5 T 0 POV Lo TSR 30, S00L 3, LB

be wAtt@ﬁaondemﬁytde\Hewm tTageritay Isit Mali@beouslty memory cell 300, a
plied hetween b|t|| ne 316 and wordli ne 308 so that
first B?%IHVﬁevoéi@q Byt baappyredepyeemdidine hitth anerupidtienc3d@s so

that tﬁﬂ]‘#négmfl@tat% %%e?ja%t PHAICHEhSE 1ﬂ§ee§o Jks s%eﬁl%gﬁiég%e 310

tage may be t anabrea own votageo
is for3ddzd Hinssbnd heaiss ,potshevé vosttige ohiypde @adtetrhhaﬁacmﬂ of the

vol e subst |aIIythe sarrevoltae
cut- 1%9%%%@@@4@% 33‘3& HENGRP &@lfage |@W§.f§?%@é 302. TIf

mem§1t}ﬁél%méiﬁr3(%‘is TRY hfi éﬁ"’i’egls%c@ §t5ieth§¥Arsf bBRH%Q (or a current
f orwar d- bi ased di ode 310 and nenory el enent to

resulm;t)gdtq)meth:eoﬁirstBaﬁ@cgednnweefc;@mtf@mtte cmmemmyj elareeB0B02 &o be in

' e noy may deternine

a low R okaCE ¥IAE, TR TREBED YRR Yof &ty PR b B Fh T e
state aMEnidi9rataleat Bog mal uensliRifdnOYoWErRidas&d £ia?0 is a
" 1." In contrast, it menory elenment 302 is configured

Conspguenthy.ghe &5l ﬁnﬁevcsltaagee mepmeby ylehemedd2 302y hayconfigured
in a lp{)vngeesrls&%g% %M e]c 09%9 !\gﬁgﬂ%gl{hoanbb{ tvleque ot?"]'fIr »t hr ough

I ase nenory elenent 302 to

war e domel SO tivAl tedtapat ind@l b apElied YirehRABSus3D2vitR)he first
restrict an amount of current flowng frombitline 314

voltagey J&l@hsefcepﬂawlldwsg@at@eo@éyévfoamiae%ﬁw«;%b@h@ﬁﬁ 16 and
wmdﬁPg 3R é@{}q&lt' lﬂ?lu?@% gqF a1 e %ghglo?erﬂg%l{ﬂtant\pg{dlf@eyi%@? and so

earl di st nguil s rom a unt curren
that chbﬂ@\&dd tsaevew hiaeed maier yecehdneritagdOmaiyshindet barrent from
flowmgv}n;m%l l§1tt gg%M to bitline 316. The second voltage may be lower than a
breakdown voltage of diode 312.

The first voltage may result from a first voltage pulse and the second
voltage may result from a second voltage pulse. In some cases, the first voltage
and the second voltage may be substantially the same voltage.

Alternatively, a bit value of “0” may be written to memory cell 300. To
write a bit value of “0” to memory cell 300, a first positive voltage may be
applied between wordline 308 and bitline 316 so that wordline 308 is at a higher
potential than bitline 316 and so that diode 312 is forward biased. The first
positive voltage may be greater than a sum of the cut-in voltage of diode 312
and the turn-off voltage of memory element 302. If memory element 302 is in a
low-resistance state, the first voltage (or a current resulting from the first
voltage) may re-configure memory element 302 to be in a high-resistance state.

If memory element 302 is already in a high-resistance state, memory element

302 may remain in the high-resistance state. Consequently, due to the first
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state. Based on the |ack of current, or the very snall

anount of current, the nenory device conprising nmenory
w@edob/08Q@s may determ ne that nenory el enment 30RPCT/BS1008/084422

t he high-resistance state dand therefore the val ue

stored by nenory cell 300 is a "0."In addition to

reading a bit value fromnenory cell 300, a bil value

voltaggym%‘fn yI -%Ltpﬁ{béltt%edﬁefgl%ryzbeﬁc F!)é%g?pegl \}n a\ﬁrlélti qreglt peHce state

no r st posi
correypbiidigg with dbitapduced etween bitline 314 and
wordline 308 so that bitline 314 is . at a hi
p6t ERONE PeHAENY e g B a30% aRplied S%Iﬂa{taawa%ygvmh tge first

volta%@rvﬁ{e s QUARA elgosﬁhg Jdlf e ﬁ’l% 'ﬁé 6%\1'(9(]1 B@E@ 0 o(gghgic”mfi and

reater than a sum of tage of
bitlinarntl 4 be thatr womhlmc)BOagle eafa hgimnpoeetrﬁmzﬂnﬂlaﬁ(lﬁxlihé 3 14 and so

el ement 302 is in a high-resistance state,
that diplg 13l@oastfgd@s(eo?laae@urﬂbﬁﬁe@g@uﬂe {38F Wanbltnﬁigrﬁurgemt from
flow1‘1’1g|ftr§ﬂle‘%1tﬁﬁ¥ & f@ﬁftllﬂ@rﬁl ﬁﬂ%%eebﬁﬁf%ﬁm%@%nw BREIJWEr than a
| ow-resi stance state. menory el enent "302

breakalloweadyltlagea)fldmdﬁéﬁlost ance st ate, rrem)ry el errent 302

r in,in the resi stance st nse ,
aaber BT NG ket y oAl aTo RehdrS: L0 Tk PR yateond
voltag®mhd PeERdt Fidnd al ReohES StANCHuRLAIA Ihé %ﬁ@@ﬁdh@glrst voltage
with a bit value of " 1." A second positive vol t age

and theyceendpypliogs maybetsabstniallnthhsame voltage. vol t age.

T pos Qdbs pl.ie
T S Yo, T S, i
be repedteghens@bdtenhiameniay st ADONRoINVAlidfdesobithallued oder time.

312 is reverse hiased. The second vol tage, nay hi nder
In sopgrGasqe mreé@ﬁrm DI BBy RS FeWIthen é}s’:ﬂ& hete mathods

mlthJHeoﬁﬁ%)&d 3@%&%&?%%' \ S? eﬁé}?gn@3@§.e%lﬁggg\@?etmory

tage of 3127 T tage nmay resu
elemdmtaifZanfayr sdmanmﬂ tnagecpetise saatd whboses oodtagol dlagerrmybeing
sul t from eco?ﬁ%vol tag pul se. In spnme cases, 11;
t ig. 1,

T
apph?‘?lt%fn%f)f%ﬁ “TRAY 4§ tBn ls\‘fBF?eéIg%b(?féf‘yHbéelauon to
memSHOSTedMtdtad d Y maeh S 84 (PpLeRBEve a bit value in a non-volatile

manner. Accordingly, memory cell 300 may store a bit of information without
having to be frequently refreshed or memory cell 300 may be refreshed at a rate
lower than a rate used to refresh a volatile memory cell.

Referring to Fig. 4, a schematic diagram 400 of a portion of a memory
device is illustrated. The memory device includes memory cell 300 as well as
additional memory cells 402, 404, 406, 408, 410, 412, 414, and 416. The
memory device may store a plurality of bits. For example, the memory device
may store one bit in each memory cell of the memory device.

The memory cells of the memory device may be arranged to share bitlines
and wordlines. In diagram 400, memory cells 402, 408, and 412 share wordline
418; memory cells 404, 300, and 414 share wordline 308; and memory cells 406,
410, and 416 share Wordline 420. Furthermore, in diagram 400, memory cells

402, 404, and 406 share bitlines 424 and 426; memory cells 408, 300, and 410
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Alternatively, a bit value of "0" may be witten to
menory cell 300. To wite a bit value of "0" to nenory
w@edob/08Q@5 a first positive voltage may be appPCEBUS2008/084422
bet ween wordline 308 and bilgline 316 so that wordline
308 is at a higher potential than bitline 316 and so
that diode 312 is forward biased. The first positive

share&%#lﬁrg%g?a g?%gﬂ%d% sa%ffeﬁle(&}b(ﬁn e@etlﬁstjﬂl %f \/Ozfrfdjhl B @P are bitlines

428 apgmy(y el enment 302. If nmenory el enent 302 isin a
| ow-resi stance state, the first voltage (or, a current

r BEEATINEGtTF Fign Toresehamatic dizgige) SRRy IInstratng; gaprfiguration
of thﬁwwamgtof%ﬁ tLtc’isq?lus ated)] ghe C%‘?lﬁ lﬁgﬁgn%%’ %e used to

ry el ement “302 is already resi stance
write &tﬁtezalur@mﬁr“;l”&bementorﬁ&%l]rm@'o benralrﬁaal a l:tlltl@f information from

i.stance state. Consequent ue to
memqrwr%ftl[lg gRCCORIMRT éhl%ﬁeﬂ?lggb@%%w géSfcwlPd&rVétha? is
apph@d Qb%sﬁﬁﬁhﬁ'é @@@redrﬁt RLEAGRE rs@%pombagnavgben@v@wbnugé e

second positive voltage may appl i ed
apphesd Erclictsartadmd: B 16 ztnhi Whedlflne §108vdI30amueﬁlhbf sewuneht may flow

rrom Bffing, ¥ it e ubMandeTEPOP e SO AR o iPead vy

arrowPSOBRhals ‘I\/B@'@le@blﬁbédﬂﬁbgié iandla3t f@Fl%' ndef glOfik st voltage
reverse biased. The second vol tage may hinder current

is greﬂmrﬁhﬂnoa/\ﬁlh@ ¢t dve Bite in neltaasof digdg Pil Aendithe tppe-on voltage

of meJfSR SR MY DR oer, 4108 RLEBKION ARl Lads

volta € na

desmfbdﬁibwﬂihﬁgﬂan@h&ela@d3the second vol tage may result
froma second voltage pulse, In sone cases, the first

volteapetingly, thihesls \oolx%aet Bogreatsy handhp<uarini wlfage of
ledCtj']ﬁ) ﬁap‘?es\éqlivt@ﬁgaesulﬁr& ﬂ?i%taﬁq%soolt%é 5{)&9@ Biodk a Ig(the turn-on

I'ng a to menory ce e repeate
voltag,seﬂ nsmbd il areemr J0Z.efhle 136thosty Gieeisce:infafyedﬁl&rmhmet the value of

o i SRR ST o 500 BT G35 S R TEIo eRR e 314 1
wordlih &8I AL edaTBIH RY o TBNR¥ I LI AENFiZ0Z. Since

nﬁnrggg be desirable to ensure that values stored by memory cells 402, 404,
406, 408, 410, 412, 414, and 416 are not disturbed while writing or reading
memory cell 300. To avoid disturbances, bitlines and wordlines of the memory
device may be configured with particular voltages.

For example, when writing a “1” into memory cell 300, bitlines 314 and
316 may be at a higher potential than wordline 308. Since memory cells 408
and 410 are also connected to bitlines 314 and 316, wordlines 418 and 420 may
be configured to be at substantially the same potential as bitlines 314 and 316 to
hinder current from flowing from bitline 314 and/or bitline 316 to wordline 418
and/or wordline 420.

Furthermore, it may be desirable to hinder currents from flowing from
memory cells 404 and 414 onto wordline 308 so that a current on wordline 308

may be correctly attributed to memory cell 300. To do so, bitlines 424 and 428

may be configured to be at substantially the same potential as wordline 308 to
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element 302 may remain in a resistive state without a
vol tage or current being applied to nenory el ement 302
w@somasi4di scussed above in relation to Fig. 1,POEDBI0YS8/084422
el ement 302 may be said tolpreserve a bit value in a
non-vol atile manner. Accordingly, nmenory cell 300 may
store a bit of information w thout having to be
.o fr t ] r Y% 4C
hinder (VG fréa] A ARRATpTDIRIR 245, wp P dR08 Mo gppmopy cel
404 aadviel kindee cﬁliEfH)ftyfr@m| ﬂlowlﬂeg €rathngtlige B2§.todwordline 308 via
schemati c dj agram 400 of a g%@tlon of a nenory _device

memowy ¢¢ll ¢k abregdditipm, rhsﬂﬂ?ey; ppd 43:9cm@delée ﬁ%ﬁ%gyff‘cdei“] a
hlgheig%t@itfgp{ﬂffla%ozqﬂhé '3@ %ére‘r}rlg rln% %;ﬁ%%{adgigé% éggﬂmg from

bitlingt4it¢e tlaroplghrakitoyry afelb4®f$ to I%Mrdmm&aantlffeomebmhye 430
devi ce nmay re one bjt each menory cell of the
throuﬁgn%ﬁywamei’égl‘?ﬁ% b ine TS of the menory devi ce
MK BE nfiTh &R 0881 ﬁoﬁbéﬁﬁe&'emtbré‘?ﬁle@r{ﬂom{rﬁé BO@%T Hiflines 314
di agram 400, nenory cells 402, 408, and 412 share

and 36r dld. nmean @i, cotbndpy, ¢e6) éllomd ?.(DG) nenydbd ténsilgared to hinder

menor s 40 , d 16 are
consRBPHPPAS G20en ELFORErHBPAS THTR a0 ST ALY HRAOry/TTnes 418
and 420 h%y‘l%eoﬁﬁ%urémdlﬂloﬁoﬁ@g’éseczhis‘iﬁg es dMesa@fjan@@r cells
nennré cells 408, 300, and 410share bitlines 314 an

402 ap1t06 el beeienessechiased 4 Samilprly, baHines1428 baded X and meagdlines

418 %@84?(?%@7396 co%ff%ﬁfré@gafﬁl? \%¢) att%ge? ca?s@%ht%%a&loﬁeggg%g{pory

trating-a igur menor y
cells afl 2Ringl 446 its bel lewstseabaded The configurati on nmay be
used to wite a bit value of "1" to nmenory cell 30Q or
BGE@aw&tcbﬁg of ¢ ﬁFlb‘?fﬁfﬁEleld%fraé?n@Q\QﬂéWtr@émg ggonfiguration

of th Se@i%etcpﬁl:ﬁow isgﬂ'fu%ua(l? 'Jﬁfl%ﬂ%‘tlto'gvrlﬁﬁg be used to

VO tag 'S app across bit |ne
write30Bit valseodnt) ’posntinwe ywailt 3ge drsoapptisebitadriassrmation from

mem i LU PN RDGR A0 SRS 20 CORSEUEL v, 8 STt
appli¥@adldfiew3PBiAS 30BI M=t bALiRE 33%. A second positive voltage is
applied across wordline 308 and bitline 314. Consequently, a current may flow
from wordline 308 through memory cell 300 to bitline 316 as indicated by arrow
602 and as was described above in relation to Fig. 3. If the first voltage is
greater than a sum of the cut-in voltage of diode 312 and the turn-off voltage of
memory element 302, a “0” may be written to memory cell 300 as was described
above in relation to Fig. 3.

Alternatively, if the first voltage is greater than the cut-in voltage of
diode 312 but less than a sum of the cut-in voltage of diode and the turn-off
voltage of memory element 302, the memory device may determine the value of
a bit stored by memory cell 300 based on a current flowing from wordline 308
to bitline 316 as was described above in relation to Fig. 3.

It may be desirable to ensure that values stored by memory cells 402, 404,

406, 408, 410, 412, 414, and 416 are not disturbed while writing or reading
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arrow 502 and as was described above in relation to
Fig. 3. If the first voltage is greater than a sum of

WO b@ooet44i n vol t age of diode 310 and the turn-BOT/US2008/084422
vol tage of nenory elenent 382, a "1" may be witten to
menory cell 300 as was descri bed above in relation to
Fig. 3. Alternatively, if the first voItage is greater

memé{}%@el I%%Ocufo aQoY(Pm 160291 g l?q{'qlnglg'% la%o eamemory

the cut-in v age 0 e an rn-on

deviceahtade obnfigmedywethepeaiticuBa2y oltdeesrenor y deVI Ce may
determ ne the value of a bit stored by nmenp 300
bheEGX8MmBie cheBnY TiNgvR g ﬂmﬁn@mqrm@é%@% éltlmes 314 and

316 ﬂI{__‘% @'e'seneal f&ﬁ%lsﬁgée@%% aqj?ﬁgrg'wpﬁmﬁg% ' §nch‘é ﬁltehfé&gg&ns 408 and

esir e to ensure that va
410 ast aiedcoyneedy Wdines 302and®4,6,406:d1408, 4 ¥RLOpd 42D, may be

414, and 416 are not di sturbed mhll Wt
configgrgyl 9ﬁ@w s@alyole srenapstd sﬁ%‘?’ﬁ’dﬂg%gmand 316 to

hmde*?'cldrfé]ﬁsfréﬁﬂﬂwl%'fﬁ&% @Brdl‘i‘ﬁe e B/ 9L W 0T 81iHBY 20 0 b1t11ne
configured with particul ar vol tages. For exanple, whe

314:me®nhghaeTiW3|nto nerory cel | 300 bitlines 314 and

e at a higher. ent t han wor dl i ne.308.
ST mRer ot By LY ARSI 6T R R BE R g from
wordRht|30%emtd demdely 226s avar ghd nes. MSdane, 42Q0iMRY438and 430
conflgured to be at substantially the same potenti al
1

may By cpniigiuped tahs af sy bstam tradlynthederme potanialf gsowof dlgng 48 to

hinde rcgl;n‘éﬂttﬂrbgﬂeﬂ%lﬁzgggél%rw?t&hll;@%O%tg élﬂn‘{‘@ﬁ%'\ﬂg nﬁé%logy cell

or wor ernore be de
404 aind doi Inceler @urfeelmtstﬁlrfmﬁwﬁlhg)Wdig vﬁdntmrirmems yo el 490 via
and 414 onto %g g_BOS so that a current on
@ltb)él 4

memeiyr ¢ f Ad 430 Hiset4dr and A2Sumey Reocomdisrsed at a
loweﬁgeﬂen%%@ tlaa—t g d¥%e %%Lb et & ﬁ]a'?‘el?ﬂq K528 e FEY £ flovrmg from

nfigure e at substanti e same potentia
bitlinast 2dotalord1i836 8 GRothirndeh memoeyltceﬂrm bhovrog Hitlome 428 to

itlLine. 424 wordl i n 08 via nenory cell 404 and to
Wordﬁpﬁég %PP% @?WBHFF@V@%@ from bitliyne 428 to

WOt ALi PR3O ¥d1ds not connected to either wordline 308 or bitlines 314
and 316 (i.e., memory cells 402, 406, 412, and 416) may be configured to hinder
consumption of current as is illustrated in Fig. 6. For example, bitlines 424 and
428 may be configured at the same potential as wordlines 418 and 420 to hinder
current from flowing through left-hand diodes of memory cells 402, 406, 412,
and 416. Furthermore, bitlines 426 and 430 and wordlines 418 and 420 may be
configured to reverse bias right-hand diodes of memory cells 402, 406, 412, and
416.

The above discussion has assumed that memory element 302 is configured
so that memory element 302 changes to a low-resistance state when a voltage
greater than the turn-on voltage of memory element 302 is applied between
electrodes 306 and 304 so that electrode 306 is at a higher potential than
electrode 304. Similarly, the above discussion has assumed that memory

element 302 changes to a high-resistance state when a voltage greater than the
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menory cell 414. In addition, bitlines 426 and 430 may

be configured at a higher potential than wordline 308
wa@eowlgt44Turrent is hindered fromflow ng fronmP@i/UB00&084422

426 through nenory cell 4045to wordline 308 and from

bitline 430 through nmenory cell 414 to wordline 308.

O her nenory cells not connected to either wordline

O . _ 40
G035 bLIETR AN (o i BRRSN, A5 500304 anc
306 soothsubddtesdoB04 us menathigher pexanilahabicltdtnede 4A4. and

426 and wordlines 418 and 420 may be configured with

voIQages EHUBPRY ClHRCR St 8183t DirbfbTTy ot eP)| B angEmaty clement

&Y. - I I >

202 3RELR P BRNPHATGhaE e Tl B s RS R oo
voltageldafagesmocaudemgnt BO2ds apgpsicdfbarermenyelcelrbdes4326 and 304 so

16 t reverse, hiased. Referri to Fig 6 .
that eé&ﬁtéﬁ’g? B@%‘isaag}_raaﬁwg% H_qt?lﬁlté?lf @‘@Pn‘ggﬁt%@ﬁﬁ%éurg’t ﬁﬂﬁ of
confik DB tIENDLENARY| A8mRht B0 mdy ichahbl Ustd Rvedesitifice s"t%t"e when a

configuration nmay be used to wite a bit value of "C
voltage greator yharithe 30M-on wodtagead memaryofleimeneB392id applied across

f Il 300. A di to.the fi ti
cteetfg QUTRMBAY 6o JOR cBEFE A Sa B RE AR 80
electrd®e amel bitline 316. A second positive voltage is

applied across wordline 308 and bitline 314. )
c%ma@@@@mrwt,heaawq discupripniliasvirssparadadrad (2 lghsesistance
r Lt Lpdi_cat
state B BHARDRIRAYAE 502 RkOnBL I e A RuE DL O il Plow-
resistange sBate dff meheriyiglsinevoB0agerispyneattera bhamlae sfmlof
the cut-in voltage %f di ode 312 and the turn-off
Howeyqiry ag &/ a5t MR HERG I éiberentnespry deviges iy Be canstivetrd based

on angfﬁlg@éréj[ Aihg%QQt i *@?—?l%?{ihiépfgtaqg%\f%rEﬁo&?!e@éﬂlgﬁt 592

ternative Irst voltage Is greater
correspamdd tre achit-valuw @ft'ddearct thdhtable 184 2rdsuttahes stathafl memory
eleméc’rytng(% c%pr%sggrtlc_lsi ?o \2/1 li% %gfueogf g&)’ogvelt}?cpudt cthha%ggrlilé rt1]:|é:n£)£inciples of
writing and reading memory cell 300.

The above discussion has referred to a memory element having a high
resistance state and a low resistance state. However, in some embodiments of
the invention, a memory element may be configurable in more than two different
resistive states. Such a memory element may store more than one bit of
information and may be used in a memory cell such as memory cell 300. Each
of a plurality of different programming voltages may correspond to a different
one of a plurality of different resistive states of the memory element.

The methods of programming memory cell 300 described above may be
adapted to program a memory element having more than one resistive state by
applying one of the plurality of programming voltages to the memory element in
order to configure the memory element in the resistive state corresponding to
the applied programming voltage. Furthermore, the methods of reading memory

cell 300 described above may be adapted to read the memory element by

comparing a current resulting from a voltage applied to the memory element to a



vol tage of nenory el enent 302, the nenory device may

determ ne the value of a bit stored by nenory cell 300
whamedoams a current flowi ng fromwordline 308 POT/US2008/084422

bitline 316 as was describdd above in relation to Fig.

3. It may be desirable to ensure that values stored

by nenory cells 402, 404, 406, 408, 410, 412, 414, and

i . Qr. :
ptordfd9 A TLRG LS I SARDOIIbhratey of
diffevqartdesRes eaftatehahsrn®nyryevlicie comyfidigegonfi gured wth

particul ar vol tages. For exanple, when witing a "0"

into nenory cell 300, bitlines 314 and 316 may be at a

| ower potential than wordline 308. Since nenory cells

408 and 410 are al so connected to bitlines 314 and
316, wordlines 418 and 420 may be configured to be at
substantially the same potential as bitlines 314 and
316 to hinder current fromflowng fromwordline 4 18
and/ or wordline 420 to bitline 314 and/or bitline 316.
Furthernore, it may be desirable to hinder currents
fromflowng fromwordline 308 into nmenory cells 404
and 414. To do so, bitlines 426 and 430 nmay be
configured to be at substantially the sane potentia

as wordline 308 to hinder current fromflow ng from

wordline 308 to bitline 426 via nenory cell 404 and to
hi nder current fromflowing fromwordline 308 to
bitline 430 via nenory cell 414. In addition, bitlines
424 and 428 may be configured at a | ower potentia

than wordline 308 so that current is hindered from
flowng frombitline 424 to wordline 308 through

menory cell 404 and frombitline 428 to wordline 308

t hrough nenory cell 414. O her nmenory cells not
connected to either wordline 308 or bitlines 314 and

316 (i.e., nenory cells 402, 406, 412, and 416) may be

configured to hinder consunption of current as is

illustrated in Fig. 6 . For exanple, bitlines 424 and



10

15

20

25

428 may be configured at the same potential as
wor dl i nes 418 and 420 to hinder current fromfl ow ng
wo booojogiaai ef t - hand di odes of nenory cells 402, PADE6S2008/084422
412, and 416. Furthernore, 1ditlines 426 and 430 and
wordl i nes 418 and 420 may be configured to reverse
bi as right-hand di odes of nenory cells 402, 406, 412,
and 416. The above di scussi on has assuned that nenory
el ement 302 is configured so that nenory el ement 302
changes to a | owresi stance state when a vol tage
CLADVI&ater than the turn-on voltage of menory el enent 302
is applied between el ectrodes 306 and 304 so that
el ectrode 306 is at a higher potential than el ectrode
ﬁg4. Sknilarl¥, Bhe above di scussion has assuned that
nory ereent 5 ZXH%%%88§'to a high-resistance state
whevordlivel t age greater than theturn-off voltage of
menory el enment 302 is applied across el ectrodes 304
aﬁé“@%@“gaethat el ectrode 304 is at a higher potenti al
thap. &l e6iiiade.396. However, nenory el enment 302 may be
reversed so that nenory el enent 302 changes to a
ha ghemesi slcarwe ddtcitisalihewnacyEldt agdegr emllione andaselediavely
turn-of f vol of. I I 2 1 Lied
ctecn il St ded POanE isOR e 30 TE0hs Recorf bRRRyud  spgmory
clemdr8 sddring mQlraracdaot eatd adsidthanstateot tladmedy elemthi;s
configuration, nmenory el epent 302 may change to a
| B FE8i Bt HEROTY ATl WAGR BV toag¥ GreRedFSsHAR St of the
memdYdleRRnY Qld 888 Ph ISR @l B8Rz 3%h ShaPRL I BiFiRE LRV gh the
el'ectrodes 304 and 306 so that electrode 304 is at a
memdiygHemepotephe sordhag ogleccrodeuBrat fruyinger ooy e whedline

thror g o S R 4TB B heDonaS 10 2 i ¢ vl ue

of "0" and that a | owesistance state of nenory
el ement 302 corresponds to a bit value of "1."
HoweveFhe axemary adhof shath Aboveaeimenory devi ces may be

¢ rc]zsrtnreyn%tr§ elﬂafsuergler comprises a first diode and a second diode;

the memory element comprises a first electrode connected to the first bitline
via the first diode and to thc sccond bitline via the sccond diode and a sccond
electrode connected to the wordline; and

the memory element is electrically connected to the first bitline via the first
diode when the first diode is forward biased and is electrically disconnected from
the first bitline when the first diode is not forward biased; and

the memory element is electrically connected to the second bitline via the
second diode when the second diode is forward biased and is electrically

disconnected from the second bitline when the second diode is not forward biased.

3. The memory cell of claim 1 wherein the memory element comprises at
least one of an ionic conducting chalcogenide, a binary metal oxide, a perovskite

oxide, a colossal magnetoresistive, or a polymer.
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on an understandi ng that the high-resistance state of
menory el enent 302 corresponds to a bit value of "1"
wap@onhes t he | owresi stance state of nenory ePEIERL008/084422
302 corresponds to a bit vaBue of "0" w thout changing
the principles of witing and reading nenory cell 300.
The above di scussion has referred to a nenory el enent
having a high resistance state and a | ow resi stance
state. However, in some enbodi ments of the invention,
a menory elenent may be configurable in nore than two
di f f ereid mieapbSt tale oS tRlias ] whabirathememor¢letsrratt ixay
store nore than one bit of informati on and.my be used
configyred tResipieytheeinfogpypOhEN AdifdryoRélle naaper Badhe apsefice of a
voltagd Uf &lchidenef different programming vol tages may
correspond to a different one of a plurality of
different resistive states of the nenory elenent. The
nmet hods of programm ng nenory cell 300 descri bed above
ndy beAdBRPLEY CEH NP SHIAIN B MSTBPY cermdwEnishavi ng nore
t vi(;ﬁ'ﬂ? { ﬁféxﬁéﬂgV&lﬁE@ﬁlgriQY ?Q%éfﬂdﬁﬁ%eo @st0nd fi®ond bitlines,
plurality of progranm ng voltages to fhe menory
and aghemeny clemartdére menoonfdlgmest bhm gnelvoiricadlyerntecied to the

the resistive,state.cqrrespondin o the applied,.... .
wordiipS apEReRisEu £ BsEiCal FRRRATr L% e hind ABRERa bivtines:
readp NBe MREMOYy ERMen30O odiRgCinifbatataboven maysbeesadapt adte of
to read the nenory el enent by conmparing a current
the mP@é’lHVteil?f@eﬂ?om a vol tage applied to the menory el ement
t 0 AR Y AlrkY vOfta gl §ER5EMe WRSrBIIRRGRAGHE TRRE Bidlife effective to
detefmmne in which of the plurality of different
electrid]ysdisgennecittbs firsebitbmoriyomethe memoont|eguged aGLAI VS:
1. A nenory cell ri.sing. a dlLine; fi o
oty BT e ERmaRBRT 1 Rie? B & LB PG 0P skbRd pivine
effectgvead ciccalityl] ¢ onneadtate tsoc ik bivbindltb nke ancnsel elehiamland to

configure the memory element in a different second resistive state.
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electrically connected to the first bitline and to the
second bitline, the nenory el enent storing information
WO 2@IAIHesi stive state of the nmenory el enent; PIBUSI008/084422

the nmenory cell is configuned to convey the resistive
state of the nenory elenent via either a first current
flowng fromthe first bitline through the nenory

el enent to the wordline or a second current flow ng
fromthe wordline through the nenory elenent to the
second bitline. 2. The menory cell of claim1 wherein:
the neENRE yneakbd off widines faeupr csaprasifig:r st di ode and a
second di ode; the nmenory el enepnt caonp rlsesfglfirst

ePocidinger batindiodeonaeting tpia Bestalestrode of Hie Memqryglement

and t(g't}%dﬁrﬁngtlﬁl‘i’e tdie raecanfiebibdihineveisa Hl!i]&ds@lf@wjt}@ QA8 voltage
a second el ectrode connected to the wordline; and

and thmérmnit%geebfengd@ss hagl aeblt@ralkdawnywi@arme@ft ég fiest tdh@de and
fl rOSVEdll?ll I nceonV tdheofnlngz eddt Q[glg f lc?cpr%d Jf 31781%‘8ry
biGse Cectrical Shnect &
denuhﬁ@ﬂﬁub&hémésbn@MHMmae mhen t he flrst di ode i s not
forward biased; and the nmenory elenment is electrically
c¥AhEdcted to the second bitline via the second di ode
when t g SAROOEcHbad@fithe hMERHdc Riftseds 8pFhdSed to the
el ectrically disconnected fromthe second bitline when
wordliges second diode is not forward biased. 3 . The nenory
cell qf [ e
ot 1 cate B} MBHE 3 iR R R SRTREBER the
seconkiierlacrtyocﬂmaaﬂ thx ifoet, elacredowdidnt theaxethery alaontosisah the first
ghetoresi stive, or a polyner.4. The nenory cell of
re“SQﬂQﬁWﬁ]_ erein the menory el enent is configured to
store thBanémbey FBIrh&n ilsigh RofksYR] vt bt @RI twieBn tthe second
absence of a voltage or a current. 5. A nenory cel
electpdpgng it fiyshelass@deorpet Singenpradlemant & weidsrspcend|

resistRQMRL{SiNg a wordline, first and second bitlines,

7. The method of claim 6 wherein the applied second voltage is greater
than a sum of a turn-off voltage of the memory element and a cut-in voltage of the

second diode.

8. The method of claim 5 wherein the applied first voltage is

substantially the same as the applied second voltage.
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and a nenory elenent, the nmenory el enment being
el ectrically connected to the wordline and sel ectively
web@ompise®ml | y connected to the first and seconBCT/US2008/084422

bitlines; using the nenory2el enent, storing

information via a first resistive state of the nenory

el ement; applying a first voltage across the wordline

and the first bitline effective to electrically

di sconnect the first bitline fromthe nenory el enent;

and applying a second voltage across the wordline and

the seTlonechddhdd iofielsihf sdurther tonplrBel¢ keBddgneaornead applying
the second bitline to the nenory elenent and to

of thec%rﬁt veliagerand hernnly Bigettethe sesoad ¢l P€fent second
resiiS /£ isikratvelf ge aE?@ssnﬁterk%goﬁa b1 BleMmi {Hér&/aﬁ(flme effective

conprising: providing a first di ode connected
to elef:trrcsatllyedlecom@ké tbe Sth@ndrbrtd)lmy fedmn@ntmamdrx oletrh@tt |anét
b|t||ne i.ode | rse sed d

tEH)é) ?’11’1[% ou t[‘l vo%tagnaactr%s | r S]iSt naegaen elen\)\g/Of %C effectlve to

electridmaly @oxhreeakld@\ﬂﬂﬂswmltna@eo olie hfeenéﬂyrabnfémodﬁd tar@nfigure the
provi din second dj ode connected to the first

memdgy &leeReIHihG {ESUteNsHY °Sfdlfrent and to the second
bitline; wherein: a second el ectrode of the nenory
el ement is connected to the wordline; the nenory

el@menthd seth@ihby ctonrdact hateidthecayylant thed werngd he

second el ectrode and the first el ectrode when the
“ﬂmtﬁﬁﬁﬂbyﬂgﬁ%ﬂ%%PStge?ﬁp¥ﬁ% fepithvol@gestive state; and

the menory elenent is highly resistive of current

bet ween the second el ectrode and the first el ectrode

When tAendaoby Yelelrea®ng héthiod ddigpssiggnd resistive
state. 7 . The nethod of claim6 wherein the applied

S@@dh@ng(ﬂ {nggg)riysceé]r eQgFising a wordline, first and second bitlines,

and a memory element electrically connected to the wordline and selectively
electrically connected to the first and second bitlines, the memory element being
disposed to be selectively configured in any of a plurality of different resistive
states;

applying a first voltage across the wordline and the first bitline effective to
electrically disconnect the first bitline from the memory element;

applying a second voltage across the wordline and the second bitline
effective to cause a current to flow from the wordline through the memory element
to the second bitline; and

based on the current, determining that the memory element is configured in a

particular one of the plurality of different resistive states.

12. The method of claim 11 wherein the particular one of the plurality of

different resistive states is associated with a value of a bit of information.
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than a sumof a turn-off voltage of the nenory el ement
and a cut-in voltage of the. second diode. 8. The
woredobogi4e3 claim5 wherein the applied first vPCT/HSE08/884422
substantially the sane as the applied second
vol tage. 9. The nethod of claim5 further conprising
subsequent to the applying of the first voltage and
the applying of the second voltage: applying a third
vol tage across the second bitline and the wordline
effective to electrically disconnect the second
biZ.| i Mend meshddef obiinr Y1 eliesrent theanedmapplydmentaisfdispdsad to be
vol t age across t first bitline and the wordline
selectpred p cPPigUred & EHE?’I’ a gl redRiIaee state of iarlow FisisipRee figte.
the nenory elenment and to configure the nenory el enent
in the first resistive state. 10. The nethod of claim
9 mhergidnidhieco @ppkigsh 1 hifadhyotsa ﬁsin% substantial l'y
the same as the applied fourth vo e 11. A nenory
duPVidiggdi ﬁ@sﬁfjéf)%éoﬁ@%?fiéf’ r@gflfSrSreéﬁﬁ Eﬁdﬁgo%th?e%ﬂpry element
and td Q%Jﬁﬁgqpﬁh§;@&da wordline, first and second bitlines,
a menory elenment electrically connected to the
wnbdkhngzaﬁaogéubodevehye@béabnhcékbyeboﬁnéckédhe®n$hwv
dcnwf{an Q seecon Qitllnes the nenory el enment being
dr & é f3°pe se Fively configured in any of a
pdzhkfrahm the applded fs@croem volesgsts yeatdrahes a @Apphyvdlgag of the
rst voltage across the wordline and the first

Secon%.de@qi%eua@rSéébmé suEn ef dkg FREH Voltags ebrettcanedivdegnd a

turn-off VbitAge b M hﬁ%n&eyn&%)/ne%'t %ﬂﬁ%e rRRbY Qﬁn?erﬁ%%‘;%ses a
vol tage across the wordline and the second bitline

secongfefedrodeecemnesaed to theeworémict o fl ow fromthe wordline
through the nmenory elenent to the second bitline; and
based on the current, determ ning that the nenory

elsementnd 6084 bBUILH | Dvhierein the determining comprises comparing

the current to a reference current.

16. The method of claim 11 wherein the determining comprises
determining that the current is very small or immeasurable and that the memory

element is in a high resistance state.
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particular one of the plurality of different resistive

states. 12. The nmethod of claim 11 wherein the
w@arwiogkmr one of the plurality of different PeRUSI00%/E84422

states is associated with &value of a bit of

i nformati on.13. The nethod of claim 11l wherein the

menory elenent is disposed to be selectively

configured in either a high resistance state or a | ow

resi stance state. 14. The nethod of claim 11 further

conprising: providing a first diode connected to a

fir st pheahoodecdte tchenprsipgy el ement and to the first

bitline; and providing a second di ode connected to the

f4 FEY Wfl&R%r ode of the menory el ement and to the

segddiitlihoe; wherein the applied second voltage is

greater than a cut-in voltage of the second di ode but

laems ntdrarelemsotdsbos b te bt setectivetaged of varklg eoofigured in

one ofd{wvs(?g%if?&den? rt sl'irsHQOfstatgsgl tage of the menory el ement and
t he” nenory &P EREnt conpri ses a second el ectrode

cofingatiede tonhbaewdiet &g thel BirstTHidimehhod fofst eladtfodklof the
wherein the determ ning conprises conparing the
memogyY,ftdi¢Nts o a reference current. 16. The net hod of

¢ @l dioWbebahBc kD AREER MhNEOND BRI AS8Rd the first electrode
determning that the current is very small or

of theimemasyekbhentanddt hat the nenory elenent is in a high
resi t i eyl o i S| Ng.
i P oTBRE FoRbehEe Hs (0 BRTRISi ER SE RO M.
di sposed to be selectively and reversi bly configured
in one of two different resistive states; a first

difode Tdendedtedfisdrivedn wiherefn rhet fipsittdipde inpdnfagpiedsio
condugl lcl:ltrreﬁ){j?ro%]; tl#eh%rsr[eoqplriye ?cl) ﬁ]rgeﬂ%t electrode when the first diode is
forward biased and the second diode is configured to conduct current from the first

electrode to the second bitline when the second diode is forward biased.

19.  The device of claim 17 wherein the memory element comprises a first
memory element, the wordline comprises a first wordline, and the memory device
further comprises:

a second memory element disposed to be selectively and reversibly
configured in one of two different resistive states;

a second wordline connected to a second electrode of the second memory
element;

a third diode connected between the first bitline and a first electrode of the
second memory element; and

a fourth diode connected between the second bitline and the first electrode of

the second memory element.
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a second di ode connected between the second bitline

and the first electrode of the nenory elenent; and a
wowoodiopraes connected to a second el ectrode of tPET/DBI008/§84422

el enent. 18. The device of 28l aim 17 wherein the first

di ode is configured to conduct current fromthe first

bitline to the first electrode when the first diode is

forward biased and the second diode is configured to

conduct current fromthe first electrode to the second

bitline when the second diode is forward bi ased. 19.

e demicde ke elfail aind ToWneERIM tHeh@eMRITPIde vet € eddnfigured to:

conprises a first nmenmpry el ement, the wordline
é@WﬁFVéB%r%“ﬁPF%F“%BP@ﬂ%ﬁéushﬁ@nﬁﬁéfﬁ@ﬁﬁpyvﬂb%fgétcu“ent
flowir[ o ih & AR b 8RRinAuIBELR I TRIDN Me Rl YRM mh SRPARD AN
be selectively and reversSibly configured in one of two
bitlingdidofder ent resistive states; a second wordline
SORAEE] SOy By HEEP IR By b N R RS o TRERoueh the
secon®inid hbgy aldnéntftorit set@ed batieeofhill &1 ehs AGosdy dTBIARY Y¥f the first
el ement; and a fourth djode connected bet ween t he
memogy eHHACH| 15 hiBE £RBVEXE P 8¢ TBPeQtFeRe of the second
menory el enment.20. The device of claim 19 wherein the
menory device is configured to: convey the resistive
Stiat e e dénact iof Sl aiffe MO rwh ek e méhiora deviisd iscedtfenired to:
flomﬁn% fromthe first wordline through the first
(FERBEG The EFHp Ve slath el st binef %qurﬁéleraﬁ@t hidndfirstgvoltage

betwesREROG rGURHBAL ahunt frl @WMRG4fik oM ihe second wordline
t hrough the second menory el enent to the second

Biiedéme sopitice voliegs bsiverdnvidiestizst ditdinetdngl ther sacondnpengline
from c%la%%?n lllesre%?ét ik &Y 8yﬁ1de sbééotnlaemgrln%% efd rrrlfr:r?tn\tx/hlle the first

voltage is being applied between the first bitline and the first wordline.
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2 1. The device of claim19 wherein the nenory device
is configured to: change the resistive state of the
wo poostorefory el ement via a first voltage bet weenusives/084422
first bitline and the first4wordline; and hinder a
second vol tage between the first bitline and the
second wordline fromchanging the resistive state of
the second nenory elenment while the first voltage is
bei ng applied between the first bitline and the first
wordl i ne.22. A nenory cell operating nethod
QPP i S innghopyr o¥lil dippgatin ey c@hbrisarpri sing a
wordl ine, first and second bitlines, a _nmenory el ement

MAVI4IPE1? BRP WS EHCAPBHENE 1 Wé’rﬂlé%fﬁirsélaé‘ﬁ’eﬁﬂco%l%ﬁmes a

memo?%r %@érﬁéﬁtalalnﬁ £RpRgatedod® dﬁ&f‘esv‘@fedﬁl'eﬁ?or?r@eﬁ%hﬁﬁﬁfn‘éel y
ectrically connected to the first bitline via the

electrfciatlytcaingd e durethet Wertilmesandjs@éetwslyf deoarchlbi esagctaddto the

first b%t%ltnl%p\;ilavtﬁle){cir%h‘a%({el &I% 1@Qte 1t0%g %?O}vbgrdslgl gncgand selectively
| I ne via secon e secon

electricatlwerah nec asedh t}a:pgﬂcxbnﬂgnanfd Vﬁtth&&leba@@ dacdeosdehnBe second

wordline and the first bitline effective to
mOdeé?E%TY¥@éPPV§ i sconnect the first bitline fromthe

gei BB o1t A& okdhend WosdliYOhh@9Ke k3 sP8INABe effective to
I|e applying a second vol tage across the wordline

electrma ytdiecermrashdhoiirsi bisling feam ithe Mem elyeelerend! | y

ng‘f]{; hur o c?‘fegé]:dlsbﬁélhégﬁg 24! Qf%ggﬂ?%éﬁggﬁﬁettagQQCross the

con nment resis
wordlateaztred thma;do@ntlhﬁtlﬁmer Sffev‘oivds a@elacsribelilylgoappctti thd sbudnd bitline

o the TR, 61 A BSeoN R BP0 BBl T SBCURED fesistance

state; bi t1ine; detern1n|ng, based on a | ack of current

flowng fromthe wordline through the nenory el enent
anlei e Hee Sieglovrl taRoiddbaing rpelise dondhdedaby Okt pgg it het being

apphesf gpg%uﬁ%%%ﬂtd {félt?%éagér%% Wrdiige tﬂhﬁ*ﬂh%@&&ﬁcﬁﬂgﬁne;

plying a rth voltage across the Secon
kiet ¢ inmi@i @b dskd omoa dddknef etﬁlfremt flg@ing from the wordline through

the memory element and the second diode to the second bitline, that the memory
element is configured in the high resistance state;

applying a fourth voltage across the second bitline and the wordline effective
to electrically disconnect the second bitline from the memory element;

while the fourth voltage is being applied, applying a fifth voltage across the
first bitline and the wordline effective to electrically connect the first bitline to the
memory element and to configure the memory element in a low resistance state;

while the first voltage is being applied but the second voltage is not being
applied and subsequent to the memory element being configured in the low
resistance state, applying the third voltage across the wordline and the second
bitline effective to cause a current to flow from the wordline through the memory
element and the second diode to the second bitline; and

based on the current, determining that the memory element is configured in

the low resistance state.



to electrically disconnect the second bitline fromthe
menory elenent; while the fourth voltage is being
wappbiogdss appl ying a fifth voltage across the PCT/BEE2008/084422

bitline and the wordline ef2fective to electrically

connect the first bitline to the nmenory elenent and to

configure the nenory elenent in a | ow resi stance

state; while the first voltage is being applied but

the second voltage is not being applied and subsequent

to the nenory el enent being configured in the | ow

rEsi StEcmesiied of chppl ¥2 Rtherbig thBiapgiieadl dezgad a@N Qs is larger

the wordline and the second bitline effective to cause
than the ¢hird i ta86- 1 ow from the wordline through the nenmory

el ement and the second diode to the second bitline;

and based on the current, determ ning that the nenory

elenerthd feelsd b@ulLth 21 vitheeinoieBEIndt RREEM S BE@NEDses at

The nethod of claim 22 wherein the applied second _
least gt phge 1pRic gglictingahalgpeepids, ¢ RiglRf wgictabaxidepa perovskite
oxide TELBAMSOf mEloA: (0:24 s H0ET &1 1 phiimgrerror y el erment

conprises at” | east one of an 1 onic conducting

chal cogeni de, a binary netal oxide, a perovskite

oxi de, a col ossal magnetoresistive, or a polynmer. 25.

Bie nekomediod PAE IR ANdIcasin R PRpISK t@éjrdt Foltege 1s greater
than a d{ﬂg ‘%g(ﬁ l't:?greg{)faﬁ{eeé'ectoﬁﬂrhlédg?ht k&s\{ﬁgﬁ @Lgs%n‘i)fofttng cﬁ?ﬁ?ﬂgltage

ess than a sumo e cut-in voltage o
of thessecond ddodaendnduan-todf mobhfe vblthagenoiryt dlemepior y
el enent .



