WO 03/ 063169 PCT/ US03/ 00120 Magnetoresistive Menory Devi ces and

Assenbl i es; and Methods of Storing and Retrieving Information TECHN CAL
FI ELD [ 00®D]o3/baa69 nventi on pertains to nagneto resistive MEISY3/0E20 ces,
such as, for exanple, nagnetic random access nenory (MRAM devices, and

al so pertains to nethods of storl ng and retrieving information. BACKGROUND
OF THE | NVENTMasngtossistiveMegiop Leyige WS%M'MMM@%M zed in
conput er system conponents, digi re%m%—systens and ot her
applications for storing and retrieving data. MRAMis a type of digital
menory in which digital bits of information conprise alternative states of
magnet i zat TERMOHCARGHELR ¢ naterials in nenory cells. The magnetic

material s qggofe tﬂé‘m«?&ﬁbﬁ@&@&%&&@n{agh@fsresléawmwrpae\ﬁ@és beersdisd and
retrieved from t he menory devices by i nductive sensing to determ ne a

magnet i zat PEHMBleamagraticrardonyageasssneraery KYRARY tlevispeAréhalsRPd G g of the
rragnetl zat fhcdsa efrif§ ah@?etﬂ@im% WiorARYbees. It is noted that the term
"magnet oresi stive device" characterizes the device and not the access

device, and accordingly a nmagnetoresistive device can be accessed by, for

exanpl e, elsmwm@gmt@ww@qwm@ru magnet o resistive sensing
net hodol ogi es. [ 0003] ignificant amount of research is currently being

i nvested i dOHﬂ@ﬁetN%me@ngﬁtP&ﬁ ofrelighal regmoreRcare adilizaddp canpHisr 8YSIRIRAM s,

because sughy ﬁ@ﬁé @fiidl Sroe8Rfhd §ystdhi @nd o b ﬁorpé)fb?ékbhﬁé an@&jm\ﬁ@e
relative to t nam ¢ random-access menory conponents and static
random accé8ig. rMFr%MyS asagf %ﬁ@bm@mmﬂ’l’f&?h digi 'bﬁ? S5 BMAtOMCNRIESSpr ead

use. For 'Bﬁélﬂa%stéteg'bp%ﬁﬁét%ﬁ& mﬁ%ﬂle‘ilctn%énélﬁ i REInBE &Ns. TheRiaghétic
charge stor ag wi thin capacitors. Such capacitors |eak el ectric charge, and

nust be re cait beyjiit iexrrrggaeie fdorsq frdormation sae Bﬁ&tqrw# am%ﬂt@e\/m@m
constant  pef h@%%ﬁes@%%&ﬁ\\/é §é}%|rfgat6 o@ié}mmeea\ﬁfaguetfzaﬁaﬂ Qlﬁfet SMh&s

utilized to power devi ces, and can | ead lens with | ost data
si nce i nf oREEPDAT §vm6@aei0fﬁ8dqﬁlée BRAJINY a@bea@gnﬁgzqﬂeaﬁtamew thRWEMAY t he

devices is d%ﬂb'és dl?Whoté@lﬂQ%eWrﬂ@@ﬁe@&ésn% RVREUcISREReflostthe goVied| ens
associ ated W t devices, in that SRAM devi ces. do not require constant

ref r eshi ng an@'lﬁ@i he @CCW'CGe@nC&%%COﬁ“%QlY apnagnefajesistivedevicg gan BRR&F%P@W ces.

However, SB@%F’@)‘(’dn@ﬁé éllﬁbﬁmHﬁct%rs%ns@&B} %@H&@Fé&fstﬂ?@@éns‘ﬁﬁ}rﬂbﬁo&l&]@@eé‘o DRAM
devices. As continuing efforts are nade increase the density of menory

devi ces, self088hdut sianificas ar@g.tr@pgregg@rgﬁé%cur; andy Beisg inyesteddn magnetic
Accor di ngl g AMnbAE ROLIPEE, 88 Slabnplé, IMRAMIS! bb&USB SOEPRIcAIRied re seen to

have significant potential advantages relative to the dynamic random access memory
(DRAM) components and static random access memory (SRAM) components that are
presently in widespread use. For instance, a problem with DRAM is that it relies on
electric charge storage within capacitors. Such capacitors leak electric charge, and
must be refreshed at approximately 64-128 millisecond intervals. The constant
refreshing of DRAM devices can drain energy from batteries utilized to power the
devices, and can lead to problems with lost data since information stored in the DRAM
devices is lost when power to the devices is shut down.

[0004] SRAM devices can avoid some of the problems associated with DRAM
devices, in that SRAM devices do not require constant refreshing. Further, SRAM
devices are typically faster than DRAM devices. However, SRAM devices take up more
semiconductor real estate than do DRAM devices. As continuing efforts are made to
increase the density of memory devices, semiconductor ree_ll estate becomes
increasingly valuable. Accordingly, SRAM technologies are difficult to incorporate as

standard memory devices in memory arrays.



standard nmenory devices in nenory arrays. 1 WD 03/063169 PCT/ US03/ 00120

[ 0005] MRAM devi ces have the potential to alleviate the probl ens associ ated
with DRAVDdewses and SRAM devi ces. Specifically, MRAM dedirasss/oa2not

requi re constant refreshing, but i nstead store data in stable magnetic

devi cos ovan0ssT p oAV iaRs Pl etk PRl i AR B P eTS St o N |y

IVEAM devi CaRAMGe\D@ésEﬁﬁdl SRAW dwucte@r spécm@auytmhmedé\m dohrui regfuire egusthnt 0
t he anopunt

nductor e aSSOCI eV|ce and
can accordf @55'”80‘? fistedd spor é?ar% %38%“8%9 #H&PﬁDFAI\Q@ qSQr
me {mr %/ alr r f/mbm Hbaa?s_zawm (;&R&M v{iiﬂM: ’Ch.%&:lev[c@@@@én »Abb\h@ru@hhwéme;iey BI@tﬁSO\ha?/e
potentia o be iz igital nmenor vi.ces urrent not
wi del y uti Pyl A C%J@{P@P&’ I\/B:f@gp%wgeggg%e?tgg%b@e ﬂmRﬁQAtﬁ)/I“%Y ﬁ?ﬁﬂ 80i%:s rgmal n
to be addr ggsféo thetard®Utt 6f é&nld@mdc&ﬁ)|r@alb@ta@&ﬁo@@téd@ntmlﬂﬂM\Mesd@w ces.
SUMVARY OF THE | NVENTI ON [ 0007] I n one as nv%ﬂﬁl on_enconpasses a

magnet or esF3? F‘?fé’r%%WTG“ lviRegmorgaReogaTY to'ﬂ‘?ﬂ"ﬁ?@? NI BIASEBPY AR h
co(rjrprl ses ﬁqaﬁtaﬁl@lsml ya@\gcegg fi rst Eag][let ic layer, a second nmagnet ic |layer,
and a non-magnetic | a etween, the first net cla ers. A
first conddgaf’@]e I"NH\Q pla MM idpiices bave ratetia gﬂ??“@ g?gﬁ% I y

utilizati oBevifed, @R 418 cliémly Tt vl utﬂﬂﬂédi hse\mwmrwbme aséocﬁeﬁt@d)wﬁh MRAM
conductive line is spaced from the stack reater d| ance tggﬂn@%pl

first condifehnQlagiep reaaindo by gedigsse r#i’"ﬁ\é'd ralyf & P'%" mp&me
utilizati ogeiigegwriting information to the nennry bit. [0008] In one
aspect, the invention enconpasses. a nagnetoresistive nmenory device
assenbly. The assenbly includes an array of individual magnetoresistive

nmenory dev'ngARTVQ)quaMEQNVENrmd)Nde menory bits. The individual nmenory bits
conprise a stack a pair magnetic | ayers seglarated b}/ a _non-magnetic

| ayer. A f|[|°997]cor|'8l?@tela\§€eqt1 tﬁ@ IMENHPR, KNGATIRASERRA SIABRICLRIPIVE MY f or

readi ng i nhevieRt TROdéViedntlnges aﬂmﬁo/rylbntwhmﬁ @RROREs 6GRAKCRLME alfirste 1S
spaced fromthe stack b\é?qngraeater di stance than the fi rsiyv gﬁlu ve l'ine

and i s confMagardiaygy 2§ pgsticilayehrand }Ben-RegPeis: Ipvs ke

bit. The fihgkesshiitHadrictieldyeRe R¥isepoiTiRVOIIR @ foxireéte318s statk sy er al of t he
i ndi vi dual gnet or es] sti ve ma%)@%mgew ces_of b e arra nd th conmon
second coReRIEURALIf pijigatignsly re orqatige &o emerzgqry\égt i ndi vi dual

magnet or eskshdudBve line is spaced from the stack by a greater distance than the first conductive
line is spaced from the stack, and is configured for utilization in writing information to the
memory bit.

[0008] In one aspect, the invention encompasses a magnetoresistive memory
device assembly. The assembly includes an array of individual magnetoresistive
memory devices. The devices include memory bits. The individual memory bits
comprise a stack of a pair of magnetic layers separated by a non-magnetic layer. A first
conductive line is proximate the stack and utilized for reading information from the
memory bit. A second conductive line is spaced from the stack by a greater distance
than the first conductive line and is configured for utilization in writing information to the
memory bit. The first conductive line extends across a first set of several of the
individual magnetoresistive memory devices of the array, and the common second
conductive line also extends across the first set of the individual magnetoresistive
memory devices of the array. A first transistor is electrically connected with the first
conductive line and accordingly electrically connected with the first set of individual
magnetoresistive memory devices. Additionally, a second transistor is electrically
connected with the second conductive line, and accordingly electrically connected with

the first set of the individual magnetoresistive memory devices of the array.
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menory devices of the array. Afirst transistor is electrically connected
with the first conductive line and accordingly electrically connected with
t he firstweadioafi6d ndi vi dual nagnetoresi stive nmenory devi ®EF/USHRAIIRG onal |y,
a second transistor is electrically connected with the second conductive

i ne, and ingly electrjcally. connected with h irst se f th
ndvi dua “THBBRE! OfheSsPee Ittt aeor et hanathidel 4GS eRernEs
PCT/ US03/ 0GhE3@natioA 0 @Shadneterasisaad@einont diidely erdvidea. ameaisuire sempasaed hod of

storing and retrieving . information. A magneto resistive nenory devigce is
D ovi ded. TR STRcK TEYRG AR oUNENb G DR ARG Na RGNS 1AW et i ¢

| ayers sepairaicefdueyivalintois-pragdeet (f»r@xih&lfeﬂhe shackfdntsutilizsundH edaiditg ihforrRatich
provided proximate the stack and utilized for. reading in or{m%gon fromthe
menory bi t FOThGeNLBYYRY- R¥hAGEEIPLNPHAIVEAng fgRaged ﬂBFﬂ REGSE Q¥ R PHEF

gr ]gzat er t X didﬁ@r&;@&hémm@ firﬁ%oﬁtijlgcﬁﬁ/_er ﬁ@él?mbitilmd *fd()jrrvﬁ{tmgdﬂflt#métioﬁﬂd tHeomheitoht | tng

i nformation, e Menory it. e rst conductive line.is erated at a
maxi mum anpér %&@I?'(ﬁt CP":‘%’#“A% 'SSD(E’Grat?fgﬁt(ﬁaW%'“"{%n appatde Oﬁffewi%%ﬁt ﬁéﬂi ng
readi ng of naRb&hpaid Aout § eEroAPIRIARG Yeddiig ofattdrmatite feRe meogust ane | i ne
is operated at a maximum arjrr'ﬁ)e,raog)g of fromapout 1 mlll? to a?out 10
mllianps dF PERNACPEIYRYVRING Israberaled 82 M ITHEN REREIAPeR! fromeERogE

DESCRI PTI %i%nﬁh&a&ﬁﬁ%mah@@b@&iné’wﬁﬁbﬁdfoﬁm 0BAé feddory big. 1 nventi on

are described belowwith reference to the follow ng acconpanyi ng draw ngs.
[0011] Fig. 1 is a diagrammatic, cross-sectional view of an exenplary

magnet or esiBRIEF OERTRIPY IO OFCEHERANASGLed by the present invention. [0012]
Fig. 2 is a diagra tictolg?q\lziewof a fragnment sistive

f a net or,
menory devi 0188 oRisTgTed emBediments f e inveian &g essbPd BRI Y eIRENGS: esent
i nvention. to Peiblidviiiy BEfayanyingNrakindslE PREFERRED EMBODI MENTS [ 0013] In one
aspect, the_invention pertains to a novel NRAE/‘{Iidevi ce exenplified by a

const ruct i ofP0TdI i nFig; §1s 4 diaggamapatice CEOSR-SeEIANRLYIBY &5 28 SXemREMat e 12.
Substrat e hiagratoredi€iVenhéRoryfdeliceeAbdrhpassel Mg et icabhtiMgrtibh con havi ng
var.ious ClrfUIt el enent s &not shomn% formed. t hereoyer. To aid . n

i nt er pret at [9912bs  FiHe? 1§ 2PRETAMERIG ISP VISW OfthiEAgraeheT @ nagneldeRRIVE ve

substrat e” n@é}ﬂofysﬁm:_@@@wﬁm?nluﬁwmr@m&ém&yd[@ﬁlio_aa@h bbthe®assednivention.
construction conprising sem conductive material, including, but not limted

to, bulk semconductive materials such as a sem conductive wafer (either
al one or | DEFYERDIDESCRICPITON IGF THE FHEFERRIER EMBODINERESN) , and

other mat or 8] Msa Rty Sertvepe peranaias pove A spupe Srgmamed by o
a construction 10 in Fig. 1. Construction 10 includes a substrate 12. Substrate 12 can
comprise, for example, monocrystalline silicon having various circuit elements (not |
shown) formed thereover. To aid in interpretation of the claims that follow, the terms
“semiconductive substrate” and “semiconductor substrate” are defined to mean any
construction comprising semiconductive material, including, but not limited to, bulk
semiconductive materials such as a semiconductive wafer (either alone or in assemblies
comprising other materials thereon), and semiconductive material layers (either alone or
in assemblies comprising other materials). The term “substrate” refers to any supporting
structure, including, but not limited to, the semiconductive substrates described above.

[0014] A first electrically conductive line 14 is supported by substrate 12, an
electrically insulative layer 16 is over line 14, and a second electrically conductive line
18 is over electrically insulative layer 16. Conductive lines 14 and 18 can comprise any
of numerous conductive materials, including, for example, metals, metal compositions,
and conductively-doped semiconductive materials. Insulative layer 16 can comprise any
of numerous electrically insulative materials, including, for example, silicon dioxide,

silicon nitride, and/or so-called low-k materials.
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structure, including, but not limted to, the sem conductive substrates
descri bed above. [0014] A first electrically conductive line 14 is

support edwbyssedist rate 12, an electrically insulative | aper/uses/iE2over
line 14, and a second electrically conductive line 18 is over electrically

i nsul ative |ayer 16. Conductive lines 14 nd 18 can ,

numer ous cm%él:t i AxdnaraRY bita0ds OVWCQQGEIF?TE{G ?('éff‘rl%ﬂ CO C%n‘%ﬁ?tgr

conposi t i Wudes%rﬂsﬁﬂ&&ﬂ’éik'léﬁ%lr de&B&Bnaenﬁag%@ndlaybr 4 aaﬁtaemorathagnémsul ative
| ayer 16 can conprise any numer ous el ectricall | atjve materials,

i ncl udi ng,material @gAepresn @ﬁgneﬂ'ﬁdaifﬂr%% gad 24 31988’?10 %V?rﬁszéeanda?ﬁ"a‘?fé?erg%wcal | ed

low-k mat g Jipu@%‘é@r@i’s@%ﬁé@?n%@ bS89, GnQﬂaZQObe{ltOlBialix}n Anarepmese,bit 20 is

over conductl onprises_ a stack whi ch i ricl L%ges a first

magnet i c |pigtispmpand athesismd T geemagnetigmptesal 26,080 Coisefigie?t ¢ materi al
26 bet ween, B bond RIGE MatetiaP Mok 4s cBﬁQﬂ?ﬁh'a‘fth@{ iBhS ind@hiemthedRAM iseoror y

bi t 20typ|cal y  conprise one or _nore of nicke I ron L ridium

manganese,be pgiani magneiprgsistitn&iMBhtievigre Ohe FRIpPES 2N ?{ﬁ?ta?ﬁﬂlé{l'h%t'(\fﬁn
conprise ghLAgL ( (B % ﬁﬁ%ﬁ@%lé XIMMH%R]U&?AI@E)@HS%OI( glegidenin copper) i n

applications I'n . t
devi ce, orapplicationsrsrwiieh e MR@M @?‘ﬁ%ﬁ isjo P?@G‘gl aqTV@g% ete'st(':)sir 'g(?'f'%'héﬁ \é%e for

ex I
\Nhf‘gﬁ fhewg@\;@ﬁg@:ﬁgﬁf%a?ﬁg%bn&hs%ohuwi&)equh@xedﬂh,e dhdwnapodiaéritons i n

e at t
agnet i c. 1 490361 24 Aghiyd erd oV 2 B eRALRET J15 TPRENI B RO CHE G iAD

embodi ment,, r%hohg%%eﬁtah&‘l Féiat%%"ﬂf?s& biM@ sbdoh@ cRRdiictivelinys dedn@yer the menory
bit, and eX S in an hogonal orientation rel ﬂ%l ve to first and second

conduct i veA¢QOrmlsg|)L4hléﬂ1@I0lmC“V%4&@o?3ﬁ>ﬁ@ﬂC§F intorand PUE BHitE AREE &N 1heiBOYWR ext ends
into and Oéjrfenghoég‘?cmr%cﬁéh jhecsh@ilve fHd ZnEa Eépride dryns humetdusn 10.

Conductive |1 ne can conprise any of nunmerous  conducti materi al s,
i ncl udi ng, cdndbctveanasedals nipeluding dREEXAMRIE: @@ﬁﬁ@é’idtm%tﬁscom@?ﬁﬁ’ﬂﬁ't ive |ine 28

physi cal @&%&&h ROEbhySi daw@rﬁaagma@néﬂ‘teiawcamn%@gﬁbwm@hbodnfn@ﬂm] An

el ectri cal Insul ative materital 30 is provided alo

conducti ve [O(D‘Wé 2 \neglectrieatiy insulative g@ter@ 3Qudst proyiged @ gglﬂgag\ﬁ second

conducti ve
conduct | VeodridiBiveliite e rﬁér‘nll'ﬂﬁy BYBSG %:s,aa}eu?a@ Fdha Wfseaaneaﬁbhdo&weumer ous

ative material s i ncludin for e
silicon nit8.i kmeU|a’aVﬁ1thﬂﬂéb$fb@§j’h@@T‘H’ri5@ét”é %PH@@rOU@@)%gca?Pﬁ gﬁec'%ﬁtg%l )g(jlngte ic
layers 22 gnaf 24 ﬁﬁﬁfblﬁgﬁatél'id%n%héﬂﬂa“%ﬂlb&q ARERNANd berophdsphosiiichte glabsg. 1 t he
magneti ¢ nonent ayer 22 is ill ust r at ed by arrows 32 while the

magnetic niBfEE)-in layer 24 is illustrated by arrows 34. Information is
stored in [0018] The magnetic layers 22 and 24 each contain a magnetic moment therein,

and in Fig. 1 the magnetic moment within layer 22 is illustrated by arrows 32 while the
magnetic moment in layer 24 is illustrated by arrows 34. Information is stored in
memory bit 20 as a relative orientation of the magnetic moment in layer 22 relative to
the magnetic moment in layer 24. In the shown construction, the magnetic moments are
anti-parallel to one another. Another stable orientation of the magnetic moments in
layers 22 and 24 is one in which the moments are parallel to one another. Information
can be stored within bit 20 by considering the anti-parallel orientation of the magnetic
moments to correspond to either a “0” or “1” in a two-state memory device, and the
parallel orientation to correspond to the other of the “0” and “1”.

[0019]  Typically, one of the magnetic layers 22 and 24 has its magnetic orientation
pinned within it, so that such orientation does not change during storage and retrieval of
information from the memory bit. The other of the magnetic layers has an orientation
which is changéd during at least the writing of information to the memory bit.

Accordingly, an exemplary memory bit can have the shown magnetic orientation within



menory bit 20 as a relative orientation of the magnetic nonent in |ayer 22
relative to the magnetic nonent in |ayer 24. In the shown construction,
the magnewposfreatents are anti-parallel to one another. AmroThisos/stiabl e
orientation of the magnetic nmonments in layers 22 and 24 is one in which
the nmonents are parallel to one another. Information can stored within

bit 20 by lRyaiPRdeerhileibe grientafien Withe jaysr 24 @eg Omapﬁ@lﬂ B8t ¢

nonment s topeﬁ&lfer §t%|9é)£'éjlnrfd?m%'t|6ﬁ‘%rst&edQ\nthWthe Henhdty itt wo- st at e rrermry devi Ce
'f';md the parallel orientation to correspond to the other of the "0" and '

[0019] T99R0al IGendyefivedines Ad RIS ey ulljegdsfop reaghing angl Wing ﬂfs magnet i c

ori entati GRforRbiHERIaME b H1eh'b 51 26.h Rlores sisdtifRBIe BbAdL ctive e $4 1Baltilizdtaioge
during storage and retrieval r¥

i nformation from.t Th th
of the magh@ingcofinfpeEnaionds mamay P FPatIBHCINVEHINEH 58 UE'H&”ES&%%‘?JPQ Rb ate Feagg
the writi ngeohafidd f?&rﬂ%érﬁ&yttﬁ Joh andBSRILEtIR ine 2846 GQdohrAGH Vne @niz&xmpl ary
menory bit can have the shown nagnetic orientation wthi WD 03/ 063169

PCT/ US03/ Osath the teggliag apg ertuaa@})ewﬁpm%mtm%feﬂ el eMPima Sy SH‘F ASREVBY 24 is
vari ed fromf.par @tﬁ&ilméﬁts@f‘me rBadrbrvBhticH |§t':1€re§<$griltllnfn(?tl‘méltﬁa*r ednduttprediner ed
W|th|nthe menory (?on ductive lines L1t|I|zed
for readi neflizeding recaﬁrlr@ Qﬁeratmfr@haﬁm iodﬂeméﬂyﬁ'ﬁ%tﬁ%l'%%?fﬁ gt 3 E@Udf%r e
speci fi cal |ln>66mﬁ<9BQHGIEéIVc%nke{chﬂﬂné it t8tdlibiva8AsiAG bf a YAdnidrigteRs of thé @R IES.i on to

menory bit conductive line 18 is utilized for reading of information
f r om menor fiepelatizomagneiicicatadions within fayers22 and2donmon 1ine utilized for

both the rg 6621{19 Oty arsb@& o‘PB§ﬁ|§l§lhpé}§bd)dimﬁﬁl§fc#fﬁeﬁﬁv&ﬂf@ﬁﬁg feedgritiorAnat
aspect of i cul ar embodi ments of the present invention is lazérecognl tion

that a con’tﬂﬁcﬂoﬂd@tw fige UU'MGFilfQVe‘M iting infopraatian iy MeRRIALitER i$ RIERARIE PP enor y

bit 20 (t h@hﬂc%%a@&orﬁb& with'thé Bﬂ’u|r¢pé}ﬁculérrh395éfbCth@'c@ﬁ(ﬂddtﬁ@hné?mﬂ'(zé@forw th
the bit to allow sensing of a nenory state of the bit Ive

magnet i c odsiipapperaiondlingild af Hrsowmooashugion) 'S[RB?)‘Q‘?HO( ‘Aﬂ?ﬁ ?f@“gg%EEE

particul ar s@ﬁﬁ?g'n‘fﬁ?ﬂaﬁc b1 R BRI li4 §vér%§§§[]ﬁ'bieﬁﬂ'y ihidthe Bitte stBIdHCt ive
line utilize or witing informati on to nenor refera?wlnot in
ayers

ohni ¢ el ecemesy sieimefdbe bikisnectipallypio switch %H?Q'%IGE'GI%EP”T&E%WF in opR@

conduct i veob bRg ouf, inlit tﬁ%qmg@é toodaMFdrh tH%lﬂB%mhic%dtﬂldam SoriltéctQ\flthtth@ bghown
construction) Is provided close enough to bit 20 so th g etlg field

from t he wi0B22]l i e theysharer sy uction; P‘é’idé'ﬁt'\f%/"r\ﬁl WSFﬁBarﬁﬁd ff%" oY

menory st abg P9fa dolbi r@&th{cﬁﬁé‘s@ df 'ceﬁdjdc\rve firfe Waﬁd:msalammtér@l fB.il@nt ati on
Wi thin one of "layers 22 and 24 but the line is too far frgmthe bit for

ohmi c el ecpafﬂ@dﬁr ewbedigents tayek Hewlihave atbighngss oh froReRRONL KPP LBHLOMSIP on,
conductive, bétﬂ%oé‘k\d%%trér%@aérﬁﬂﬁ rHi6QHN RBVEDA YhidKnbss 8ﬂatbé’asﬁla§@1ifh006d t hi ckness

of conductive |ine I nsul ative materi al
Angstroms, so that conductive material 14 is separated fromrl)lt 20 by a distance of at
least about 200 Angstroms. It is noted that other intervening materials can be provided
between layer 14 and memory bit 20 in addition to, or alternatively to, the shown
materials of layers 16 and 18. |
[0023] While it is possible in theory to accomplish a wntlng operation to memory bit

20 utilizing conductive line 14 alone, such is difficult in practice due to physics of
attempting to induce a full flip in magnetic orientation of one of layers 22 and 24 from a
single conductive line. Specifically, any defects or inhomogeneities in a magnetic
material can cause the magnetic moment to be less than fully flipped, and accordingly a

. stable orientation will not be achieved. The magnetic moment can then flip back to the
original orientation, rather than achieving the new orientation desired by the write
operatibn. Conductive line 28 can simplify the writing operation. Sbeoifically, if current
is flowed through conductive line 28 a magnetic orientation can be flipped half-way
toward a desired magnetic orientation, and subsequent current flow through line 14 can

readily completely flip the magnetic orientation to the desired orientation. The utilization
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particul ar enbodi nents, layer 18 will have a thickness of from about 100
Angstrons to about 300 Angstrons, and layer 16 will have a thickness of at
| east abowD 030816ANgst rons, so that conductive materi al 14?CiTEUSQHpJHmat ed
frombit 20 by a distance of at |east about 200 Angstrons. I's noted

that other intervening materials can be provided betwe and
menory bi tof aconguciivelling emtapnf asrMBAMIpARPIMALL @nd B“h?%agﬁ?cﬁ/\?&‘dffﬁtﬂvgrl\ngl s of

layers 16 gpfl k8, wn[ltﬂ%]thé/\{gl't |l§typ?ca||3$re@&$e%l BleR d Ralt-s¥adtprdces@cconpl i sh a

witing operatlon to O utilizing conductive Ilfne 14 al one,

such is di (G024l tCDndeﬂ’“a%im%%S G%alﬁé b jitizeddn geading NEORmA{YTeE MeHYde a
full flip b'lt'bO”Et%‘@ Iléﬁo)?& Pte?éo'trfb'al &ntaRen Bhe bEHLRIS sidd oRbfd Birfof & sading si ngl e

conductive 11 he any defects or inhonbgeneities in a nagnetic
mat eri al cyperaiigdse the magnetic nmonent to be less than fully flipped, and

accordi ng| rooaéqft #hb ?elé’t?]\)eed?ﬁ@éré?éba diblibed@lrolkh @palei@dined he, TBgE28 carmoneENt

can then f orientation, rather than achievi ng the
new or i enttmtadmedimflth%ﬂarb?ulal‘r@%ﬂqné thaj e linesqre ulized it AeR'HING% B8 can

sinplify th %l%hzééﬁ‘&rﬁgg{}v%lh%ndéﬁgé ijhd §8kpich Isfutﬂi%dﬁﬂély fdri‘reédnﬁ?g'\ed through

conducti ve ne netic orientation can be ped hal f - toward a
desi red nepeetioos)orandret ratainéﬂmecmicﬁ |§Vﬁi§éﬁ9@rﬁb°éh59cé'ﬂﬂn°@ﬁmt? PO h line 14

can readi | 9,
o ent at1 GHEOHE JioP T B8 e R OB o0 ot ““mgg‘*

conduct i vewite mpertion)papfoeanainvRmedras adeye! Bi from ahaulct MHRgIN i aloyt
conduct i veml"‘ g@t Woldttoh&H, %a%bh‘éhﬂ»éré’gé RWeniRcbnductivé Nk mbéwbé eferred to

as a half process. ctive line 28 can also be utilized in
readi ng i n’namtmnaddn af lpvghofemrapoub] miliamp inaPapt 1P MViaPPste an el ectri cal

contact on op [
The rel ati \;66536 e?’g’égg&?{?é@l& % i%oﬁaciﬁomr{%ﬁé t?iﬂ?@gmﬁ%gfm’&@%%an
quye

be tai | or eitlefmeaximire Emﬂetr&i@ﬂﬁilC&SW@%@("H?P@'ﬂfiuol"ﬁ%l{'nqsheb‘qcp'f?é@%tc@n ¥ in
Accor di ngl ¥ % #ﬁgﬁ &SRiukivethiteRRAB ALY Bor bbﬁﬂné&eléﬂ&/@lyﬂbwl S
ely readi ng

utilized s operations) can be maintal ned at | evel of
f r om about arsperages dreaiysting, dor-axentolel varipusiaglals, meial sffdeps.and CPHQU‘%{?'Vrmm

anper age V\ﬁcér{é'dnse é&f&ﬁ&#&é@néﬂeﬂ&s%ﬂclﬁéﬁhg bbﬁcﬁfétuva¥ deéd SllicPe IGYNdaaEk 988 be

mai nt ai ned from abou

Addi t i onal 14and2%axh WW@@@UWYWW@Glétf‘i)r(\}@?'ly%ugté'eégv‘%gh'glﬂI P
mai nt ai ned%’g‘g‘?ﬁggﬂ{'ﬁ%‘é@ﬁ%ﬁ%ﬁ ﬂ?példtvaﬁod‘g mbia?p to about 10 m |l anps.

[0026] Con 28 can conprise naterial SUI tabl e for
carrying t[ﬂ@27ﬁ1aX|llrrram€aﬁlp5\§leékg@@3“G@tsqf?@dh€? Aresi ipysmtiotMerBoly its Of the type

Accor di ngl ¥, GRO§GH F4ErdnktB% Fig. 1 are incorporated into a memory array. An exemplary
assembly 50 comprising an array of memory bits is illustrated in Fig. 2, with the array
generally designated by the numeral 52. Assembly 50 comprises a substrate 54
supporting the array 52. Substrate 54 can comprise the materials described above with
reference to substrate 12. Individual memory bits 56 are shown within array 52, and
designated by “X”. The memory bits can comprise the magnetic layers 22 and 24, and
non-magnetic layer 26 described above with reference to Fig. 1.

[0028] A plurality of conductive lines 18 are shown crossing through array 52 along
a horizontal direction, and a second plurality of conductive lines 28 are shown crossing
through array 52 along a vertical direction. Conductive lines 18 and 28 correspond to
the lines designated by the same numbers in Fig. 1. It is noted that there is no
conductive line visible in Fig. 2 that corresponds to the line 14 of Fig. 1. Such
conductive line would, in typical embodiments, be under the conductive line 18, and
accordingly not be visible in the view of Fig. 2.

[0029] Each of the conductive lines 18 extends across a set of individual memory

bits 56 of the array 52. In the shown construction, each line 18 extends across a set of
6



18 can conprise nunerous conductive materials suitable for carrying
relatively low anperages, including, for exanple, various netals, netal
silici deswoandéxenductively doped sem conductive materi alPET/Usogdaied ng
conductively doped silicon. Conductive lines 14 and 28 can conpri se
nunmerous materials suitable for carryin relativel hi gh anper
%%BF“@htlon

i ncl udi ng five oremon hits ef the arayu Sirpiariyl %aC%[Qj@e?']'nqsr? RS ASTP R
of the preg é?'ﬂéry'rtlag?!%ﬁth'e%r a/mf-”ﬂﬁ& Ridufe@find 3&rés}b6§dm§ﬁ§ﬁe”h@d4®fﬂg nef erence

to Fig. 1 are Porate into & menory array. An ex assenl
conpr i si ngndrcaerdinglyaftilizechior yribng ¥ the mqm% tbF‘&t"é'Hl erﬁ%nﬁngf%% hegame ?eﬁéx array

general |y 98%995?'2%93 digggth@gﬁgg\,ﬁlhngag Assenbly 50 conprises a substrate
54 supportin . bstrate 54 can conprise the ter

descri bed Hlﬂc30b wEaeh Ofr ﬁéﬁ%ﬁwt%aﬂ%% 088 irquitey associpiRg tereuap ?Fé%‘?ﬁi’&ll"&g ts 56
are shown ik Alpnay Erﬁ-é{wj?rheﬁ‘xﬂg 4651 gtahids Bsioniied TAR bBREDEValBhY fnden

conpri se the maghet ers and 24, non- magnet i ¢ Ia}/
descri bed 1@bav@wwmbhx$%$2éa|@ﬂ@én%)2¢l 'bhe quU[tUO’Z'@}yp)Q Y ifickided) eé‘Ft?,’?fhduct i ve

ines 18 & RRAVHA DI dd ToP Wb diii 1HRg8 dletaihnd W hiskilim!  dir ecti on,

and a second p Ity of conductive’lines are shown cr055|ng t hr
array 52 anpryage theoudhdhe condustve ies vithiniadesitd 1langes Aqditionally.J8¢ liges é‘g pond

to the |ingsd ul"??g} g?iwmyag&ﬁav%ad%u.w%é%&atba ielrwithlsimillr fo&hél@itr@mtr;x hat

there is no con ne visible in Fig. t hat correspon g the line
14 of Fi g.ilustrafgoklatice tedinet 18, end utilizediden epntrpling iJ%W@éP'eéWﬁ%ﬁhFFéw%é ©be under

the, conduqéegeml #19@%&18 fofig%mﬁgCrﬂ%ﬂ’ra’?%g}ia'?@éxwﬁ@m%!n%s%@b withif e v ev of Fig.

2. [0029] ch or "the“ton uctive [ines 18 extends across a set of
i ndi vi dualwittémeadgsirdsl ta®g66 of the array 52. In the shown construction, each

line 18 exz iaa%%%ﬁra? 598 nfgmorﬁb\f&@%lgﬁmga ReHiHEOR Q0BARte Bive menmory

b!ts of th eac i nes 28 extends across a set of
five nemwlylclbISt®St§InateIﬁleﬁF@f¢>@mater?yt¢1@@Sh9§ lipa Oextanding FBYREIHSMHET ng to t he

line 14 of £ i)? ewépf th@g‘r‘{ja gllcﬂﬁrly%d’érid sZ&hobted/Witt édi@lubtﬁ/etlih@s ABRAEY

bits, wll acros sarre set of five nenory bits as does t he
shown |i ne2g.@&s VYQH%GIFCEHMNHQifShPWé ¢Ssﬁ§'§teﬁ8N'HYﬁPr‘2‘9°‘l‘1’§§'”€l1r4€l§lpﬁ“? efakigci at ed

therew th ttngrf%(ﬁgmtro%u%ra)ﬁl Iﬁ?%ferréﬁi%‘lnoftré?ié’ iskd?s thgﬁoﬂnaéd WitARhe ﬁidﬁ[fhnt of

circuitry 1s boxes al ong lines nd wit %
along |i nemeway'l'rherder tocaimplify fq,hncathryg.tbgprryy ﬁﬂ@ﬁﬁ'ﬂﬁfyé'f'e P'é@g?”gr'?gs in the
transi st Orﬁxe%ré(iIray% g be utilized for, among other things, maintaining a
maxi num anpera rough the conductive lines within a desired range.

Addi ti onal I[9032]he Tlhlermlsnbﬂ of earorskitswithim aprpy 52 san ¥y deppading Q4 &e:i rcui try
associ at edyt Bapewfduish BriRE afry.t RGaridufdtishibbdiments, the array will comprise a

matrix having 10 rows of bits and 10 columns of bits (a 10x10 matrix of memory bits),
and accordingly will comprise 100 memory bits. In another embodiment, the array will
comprise a 100x100 matrix of memory bits, and will accordingly comprise 10,000
memory bits. In yet another embodiment, the array will comprise a 1,000x1,000 matrix
of memory bits, and accordingly will comprise 1,000,000 memory bits. In particular
applications there will be no circuit elements within the footprint 70 other than memory -
bits and conductive lines extending between the memory bits, in order to simplify
fabrication of the array.

[0033] Prior art MRAM constructions typically utilized a single line in ohmic electrical
contact with a memory bit for both reading and writing operations (i.e., would utilize the
line 18 of Fig. 1 for both read and write operations), and difficulties were encountered
during writing operations in that breakdown voltages of the barriers in tunnel junctions of
the bits would be exceeded. One aspect of the prior art problem was that a low voltage
was utilized in transistors associated with a writing operation, which caused the

transistors to be operated in the deep linear region of the transistor current-voltage
' 7



illustrated relative to line 18, and utilized for controlling flow of
electricity through the Ilines 14; including, for exanple, nmaintaining a
maxi num awpaesasgaeni thin [ine 14 to within a desired rang@CT[i3030j120he
array 52 of nenory bits 56 conprises a footprint over substrate 54 which
i s designat ed apﬁrOX|nater by a dashed |ine 70 extendin und ap outer

peri phery @4rve wah lgv dijve auiients. r@ps esRecHef tﬁﬁ@r@fnh@%@loét'gﬁ’ W '?‘ﬁa@aﬁﬂuct ive

lines 18 awect%méém‘@éor@%c@wth@ él%MtruEélQéolétRﬂVmkh@ﬁﬁt@%oﬁﬂ@&owdrh the
conductive |line 14, |stger| her al the footprint of iuch arr

Pr ef er abl ymemery bibaliaves e dragsistopy %?ﬁoﬂ@EPC\/W'frh‘ihﬁ CPH%ucft?fJP Pl%‘?r%?gx‘t%e array

in order tgu§iHay r‘ebbbnf%b&%‘éh@éhtﬁoﬁcahh@dlﬁert%\hs%&ﬁ vﬂ@ﬁf’dyfal/léabﬂmwl‘df)er of
bits in the fixed array area 32] The nunber_of mam)]o\é S within

array 52 c@ﬁWﬁﬂG}/PEﬂ@rﬁé’h‘éﬁrﬁﬁ U@W“ﬁh@”c&e@ﬂ%ﬂ%tﬁl@/l 3%atq Hive a%%r ay. In

particul ar aé‘é&%@éoﬁﬁ'm §m Mﬁ)ﬂw@éééﬁblg"ﬁé tklpl@él%dcﬁﬁieé by WRtd tréinshs’;twsnﬂhelo rows of
bits and 10 col ums matri'x of mendry bits)

accor di ngl 5eokwpillqn Qfé*fﬁ)ﬁ'izgé‘f mGrWW§CW flacreqse t@ﬁé’feh%Fe é‘t‘ﬁ?@ﬂt'ﬁ'@ht the array

wi |l conpr a ]IHQES%Bﬁ)aﬁEéthMthstdeDthé ikVch8on AASIb&EA dies@ﬁ@élflﬂllé]{ﬂ%ge
conprise 1 menory bits. In yet another enbodinent, the arra WI |1

conpri se ampr@grdﬁqs ﬂmlfertp strugiprahang methadical feaiies it isrtaibegingerataad,
conpri se 1h9\9&/e9019aﬁﬁ5‘ﬂ{v)énﬁbﬁ & -not mR&d {0 1Y lsﬁécnﬁ@ﬂéﬂidré‘@éﬂd%ﬁaﬁd‘tﬁs@nwd | be.

no circuit elements wthin the footprint 70 other than nenpry bits and

conduct i vesinpa e @Q@'@rﬁﬁrﬁ'g disslogee somREserieiT{ELPIES Of RUtNGSER MVENEITHBI] £y

fabricati ogggh ﬁ'h@lrﬁléﬁi?éﬁ is| tﬂ@%ﬂre Ghiffedah an)VBAM BANAS bF Mebifieaont Withahb Y
utilized a single line in ohmc electrical “contact wth a menory bit for

bot h readi RyPaheFoReicf therrisarad Plgins apprapriately iNterPiRted InAccpig@nce WH@ thes of
Fig. 1 forbQlike seaflivaishigw i te operations), and difficulties were
encountered during witing operations in that breakdown voltages of the
barriers in tunnel junctions of the bits would be exceeded. One aspect of
the prior art problemwas that a low voltage was utilized in transistors
associated wwth a witing operation, which caused the transistors to be
operated in the deep linear region of the transistor current-voltage 7 WD
03/ 063169 PCT/ US03/00120 curve with low drive currents. One aspect of the
present invention is to uti'lize a half- select isolated wite conductor.
The electrical isolation of the wite conductor fromthe nmenory bit allows
the transistors associated with the conductor to be operated in a
saturated region, and consequently can reduce transistor width by at |east
10 fold relative to prior art constructions. Since approximately 30%to
40% of the die area



associated wwth an MRAM assenbly is typically occupied by wite
transistors, the reduction of the size of the transistors can decrease the
di e size wolmswesib? al | y. [0034] In conpliance with the statardajSos/ma20

i nvention has been described in |anguage nore or less specific as to
structural and nethodical features. It is to be understood, however, that
the invent AMS not linmted to the specific features shown and descri bed,
since the neans herein disclosed conprise preferred forns of putting the

invention into 1effe@tma§ﬁ@0pe@téwg m@moypde\nd@ee@ﬁ‘prgm .clainmed in any of its
forns or nodifications wthin the proper scope ?1

pended ai s
appropri at el y i nt er pPePeFONPLEPHHEAS St@\?’?‘ﬁh'Pﬁé‘C’Wﬁétarflrgf %ﬁneé'afﬂy\%laents
8 WO 03/ 06%&&9@%&@#&@3&;@91&@ a RdrAniEndic 14ySTRBRRIcAItRS fifst i@ seamar y devi ce,

conpri si ng a nenpry bit congr sing. a stack which includes a first nagnetic

| ayer, SWOHREC RugRetedmemyR bt Sé‘?fﬂ‘gdmﬁﬂﬂa"f%‘gq?e@ relaivg PEPNBES R the fir st

and second mdBREREomdnBnans first FRAgABIBIEYerb b riddHeliB thdndr@ ik iseborRs 2
relative orientatjion of a magnetic nmonent in the first magnetic layer to a

magnet i c mrASRE ti¢ lRyehe second magnetic layer; a first conductive |ine

proxi mate the stack %Wﬁs&%ﬂﬁu&wbqﬁﬁebﬂfxwﬁ'étb'th@&bbl@ﬂnd aonf.gafédiifaguﬂnﬂétwnrmti on
fromthe nmenory bit; and a second conductive |ine spaced fromthe stack by

a greater &adingpormatiemiramyhememoRcRity@fch the first conductive line is

spaced fromthe staclgscaBfd c@lﬁlﬂfch@lﬁr%dspfa@éd Hbﬂn'thé@fa'c@ﬂy'a rédibt dif8ince
information to the menor device of claim1 erein the first

conduct i ve”Fal“r?é‘yl‘%St?'hc%‘ﬁ%‘l:'&theefl'rétﬁ‘iqnfjﬁ%ﬂveé'ﬂﬂﬂ?aﬁﬂacﬁﬁjfrH”‘aFPeIsl?ég’ta"tﬁine of the

magneti c | ayeiguréd fof 0BiZABSMIMYwRing. infeffatiias B mefibg, iecond conductive |ine
is not in ohmc electrical contact vvlth elther of t'he magnetlc | ayers of

the nmenory bit. 3. T vj ce_of . cl n the f econd

magnetic | ayers?2 corrgﬁesog"lﬁﬁéf 8'?'%?"@%?‘“ mecf!&%tl CO”P'\"Q}We "8815%'[‘ ?‘”]“?l di um

nmanganese, eRlcichnsontaviith rawtéaenorwm t|4e mabRetibedy&re oﬂﬂne@h@hmybnw@ml ﬁh@reﬁrﬁr ﬁ
ria . e

non- magneti.c | ayer co s an trically 1nsulatjve mat
v ca or - desperbnt cRaTeike e Ron Fueliie eleet b i Ak FEd chihe Bparat cal 1 y
conductive ld]?@tsﬁcﬁfltﬁé memory bit.

3. The device of claim 1 wherein the first and second magnetic layers
comprise one or more of nickel, iron, cobalt, iridium, manganese, platinum and
ruthenium,

4. The device of claim 1 wherein the non-magnetic layer comprises an

electrically insulative material.

5. The device of claim 1 wherein the non-magnetic layer comprises an

electrically conductive material.

6. The device of claim 1 wherein the first conductive line physically contacts

one of the first and second magnetic layers.

7. The device of claim 1 further comprising an electrically insulative material
between the first and second conductive lines; and wherein the second conductive line
is spaced from the stack by at least a combined thickness of the electrically insulative
material and the first conductive line.

8. The device of claim 7 wherein the electrically insulative material
comprises a layer which includes one or both of silicon dioxide and silicon nitride, and
which is at least about 100A thick.



6. The device of claim1l wherein the first conductive |ine physically.
contacts one of the first and second magnetic |ayers. 7. The device of
clai m1 fwptobee3leonpri sing an electrically insulative nat @ciraiSo3/matsmeen t he
first and second conductive lines; and wherein the second conductive l'i ne
is spaced fromthe stack by at Ieast a conbi ned thi cknes's of

el ectrically i n&ul at TRedevier @glaim Livghemneomprising auplaciica lyénqugewé(e mgterg] o

devi ce of tﬁét\%@ﬂ %e\/m&ra%idfbetebﬁd %mbweqmtebyaﬂd\ﬁhérawve material conprises a
| ayer whi ch 1 ncludes one or of silicon IOXI%% silicop nitride,

and which is at | eade sgseud C%@GN'WE“@RS SRAORE) (9F) h¥&#/438H3/ 00120 9.

The devi ceqf blﬁé@ihmkﬁeééléfttﬁé 6|e69|69|w iRSUISIVRIM & RAIANIGRe fitst barRiubaid ire;
mat eri al CE\)etween the first and second conductive |ines, and wherein: the

second condifttive line is spaced fromthe stack by at Ieast a conbi ned

thi ckness of the el eﬂerflr%ohbfudtl'o@Hﬁ@bh)ﬁﬁ:dl@b@ﬁtb&ls oAB @ tHesirét dnsitsegongluct i ve
line; and the first conductive line physically contacts one of the first

and secondmam@wé@y@cfsl ayers. 10. The device of claim1 further conprising a
third conductive line proximate the stack; the third conductive |ine being

configured for whilizasbencs B Rk Wrﬂhbrétgnpngﬁgnéfmﬁld@ndmcmvém pRIXImatebi t
and readlng]lnformatlonfromthe menory bit. of. claim 10
e

wher ei n t hiefstaakt thedhisdeendustive e tfﬁ*l’i%‘?%g!“i‘?d f%rdﬁg_é%'toé‘ "?)h%t%d’f“ tde first and

second ”agﬁ%n‘n%n&@ﬁbethéméfiﬂéi'y\m%hé'ré’adlrh?mﬁ?in'éﬂo@ﬁﬂﬂuﬁé méenory bine physi cal I'y
contacts the other of the first and second magnetl c layers. 12. The device

of claim 10 further conprising an electrlc étl ns C?tlve mat eri al between

the first and sétondTBeAaviee PL-RIM H?e\é!heféﬁht sppducive RS IFa Y nduct i ve

line is spagfgts bRELE MR fRétHl sbb!onﬁimh@l@éib |@yers, aimdiwiegeih tecthhe senafctivéie
electrically insulative materia rst gonduc Lve line; the first

conduct i veling H@’Sﬁﬁk}%?%@@?t%ﬁbgﬁa%h%{i{ét %’fd $§PaN¢ MagNeUG gV Second magnet i ¢

| ayers; and the third conductive |ine physically contacts the other of the
first and secopd nmagpetddvidewrdlaim 18 fuhhsmgsrapasiagiast éleetricalipmsutitivece,

conpri s ngmaterlal between the first and second conductive lines, and wherein:
' the second conductive line is spaced from the stack by at least a
combined thickness of the electrically inéulative material and the first conductive
line;
the first conductive line physically contacts one of the first and
second magnetic layers; and

the third conductive line physically contacts the other of the first

and second magnetic layers.

13. - A magnetoresistive memory device, comprising:

a memory bit comprising a stack which includes a first magnetic layer, a
second magnetic layer, and a non-magnetic layer between the first and second
magnetic layers; the memory bit storing information as a relative orientation of a
magnetic moment in the first magnetic layer to a magnetic moment in the second
magnetic layer;

a first conductive line configured for utilization in reading information from
the memory bit and in ohmic electrical contact with at least one of the magnetic layers;
and

a second conductive line configured for utilization in writing information to

the memory bit and not in ohmic electrical contact with either of the magnetic layers of

10



a nmenory bit conprising a stack which includes a first magnetic |ayer, a
second magnetic |ayer, and a non-magnetic |ayer between the first and
second mMEQME6II6Y ayers; the menory bit storing informati @cTaASR0NIR0 ative
orientation of a magnetic nonent in the first magnetic |ayer to a nagnetic
nonent in the second nagnetic |layer; a first conductive |ine configured
for utiliZBeMaMIbiteadi ng information from the nenory bit .and in ohnic

el ectrical contact with at | east one of the magnetic |layers; and a second

conductive |inejgonftguiasacd &ircldivni 13 wigdrbianhé firsvedridustve Infequhyaicalon ‘to  t he
menory bit and not in ohmc electrical ,optact wi th either of the nmagnetic
| ayers of COI@W’EE%?’de%i'@QaP‘&?Wﬂ@Wg@ aYefe nenory bit. 14. The device
of claim 13 wherein the first conductive |ine physically contacts one of
the first and sgrond magngimsyneayesisive thiemdryriegicel amgeisatyg: ve menory devi ce,
conprising: a stack conprising .a first magpetic |layer,. a 0 iC

| ayer, and a non- m@ﬁ@f«‘keomaﬁﬁlg Bé‘ﬁi@&?“@ﬁ%@?ﬁ»& e @8@@%@%&%@%
layers; a fdd-shgsatiRdagdribétvddnitie axeand Becapidandgrasid layers i gured to generate
an electrical ?ield whi ch sufficientl overlatp atf. | e ﬁt a first portion
of the stack to alte®figtc Hyg @%QWeéﬁTea?t?%avﬂs?% 'ﬂ“fga ? 8556 of the
magnet i ¢ | QX&figal fidldSAGem SufGQBttiivieri@pd atneadiadiest donnsdf dlok stackitocaltet agured to
generate an electrical field \gﬁi ch su{ Li Ci enth%/ overlaps at | east a second
portion of Megeetisiosiertatign yithi at leashane ek the MASNEHT WF'Sn within at | east one
of the magnetic | ayegSeca @naoétivediaklundémnbe lsaick wad epaitpereditodgenetadie asecond
conductive |ine; i | ine und

and a third conductiv r the insulatiyv cer
and spacedelpptypglfigld wiigh 8WHC‘E@ﬁ’cR)’@H?%a‘ﬁ?%% abs);acg?gpgé‘lgrg Ot {E'g S’lt??i(ﬁ? %F‘?r\ee
sloacter_; trﬁ‘fabh%tﬁ%\,(ﬁgﬂﬁiw“?t}m e_ltik;?lt beeé thlemﬁg‘rieﬂcllra@drszo gten_er ate an f
el ectrica ie ich sufficien overl aps, at_ | east ,a ird .portjion o
the stack to alter a2R&lReEICR y'B?‘i"@%feaﬁanﬁr% M? %ﬁcopgggq&gh\ge% ’Fh@a
magnetic |ayers. 164 tfirfcoheutiBe ik unbar thie Ifsurdiiee epacdrhead fspaced franettend and
third conductive lines alter a magnetic orientatiop.within.th e _one of
e tvio_magfRonf conaive ine it Bestite spBafe soareh s INrsPrafiss Taf Bt he
ot her of 't BsniguredB@RAbIate AaprESicalkiéld Which deNitieatyobvetiaps at lkAstwhibirei n t he

first and second magnetic |ayers . . - .
portion of thegstack to a‘tely a magnetic orientation within at least one of the magnetic

layers.

16. The device of claim 15 wherein the first, second and third conductive
lines alter a magnetic orientation within the same one of the two magnetic layers, and

do not alter a magnetic orientation of the other of the two magnetic layers.

17. The device of claim 15 wherein the first and second magnetic layers
comprise one or more of nickel, iron, cobalt, iridium, manganese, platinum and

ruthenium.

18. The device of claim 15 wherein the non-magnetic layer comprises an

electrically insulative material.

19. The device of claim 15 wherein the non-magnetic layer comprises

aluminum oxide.

20. The device of claim 15 wherein the non-magnetic layer comprises an

electrically conductive material.

21. The device of claim 15 wherein the non-magnetic layer comprises

copper.
11



conprise one or nore of nickel, iron, cobalt, iridium manganese, platinum
and ruthenium 18. The device of claim 15 wherein the non-nmagnetic | ayer
conpri seswan3/oedlectrically insulative material. 19. The de¢irasovéoied ai m 15
wherein the non-magnetic |ayer conprises alum num oxide. 20. The devi ce of
cl aim 15 wherein the_non- magogtlc | ayer: rjses el ectri

conductive matefPal . 19¢ deyige ohelgin &5 efﬂ"?ﬂ frg %H@Wé"’ﬁ lipe | GH%‘% Mneti c
| ayer Conpbbr%fé‘bteop@@ﬁ}@wtry EdniiorSB0RaAGH FREBKIHRISaRDEAYe within thedirstevi ce of

claim15 wherein the first conductive line is e|lectrically connected to
circuitry €emfucvg e oz leuelha P %b%%%%ﬂaﬁ%aﬁﬁéo\m RIWSt he first
conductive line to a level of fromabout 1 mllianp to about 10 mlli anps.

23: The device of. cl ghedkbiculoetiainn 15 Mbefte drtsecond oeriductvd lireds b&otrlcally
electrically connected to cjircu conflg]red to _maint ai P]Ja maxi num

anper age WCPMISFIRHE CHEUIEH GONTaY t@t'T\{%‘B tan) @ Mepniym paipefadsy Wi rbmeasr%ﬁ?d 500

nanoanps t @oiiRsiie Indviotd RABIDLE frdfh abbles50@Mascangs tlabbut Limiorbenei n the third
conductive line is electrically connected to C|rCU|try conflgured to

malntalnamaxwruma w.thin t hi c t t I | of
from about 1 mi I an%@c?agﬂ‘}ﬁﬁ’f clagn I"“I(?'e I ihe thid c n?'?fﬁ’ h Ifr}’egggkec&c%pyme\{g °
Wﬂe][ ei n: Ejﬁt@nﬁédtéﬂ toC‘dDrBdlwtchfﬁ;dred]’b mémf%llreamaxﬁﬁllm Vinperaygoviein tl'? third cui try
configured to namintain rage wit t t I

o O e comR v e b ievar oM SRt 1 S1Badhto wBol i ik The second

conductive line is electrlcally connected to circuitry configured to

mai ntai n a nmaxi mgm anpey dadcavot biaﬂnﬁ@-:\n;ﬁ@@lﬂd conductive line to a |level
of from about 500 nanoanps to about 1 mcroa and the third conductive

line is electrically teefrdeosduetveling (s Q'P?tr'cé‘g\h??@%ﬁcg@ R CheiHYai n a
Maxi mm a%%hﬁggreqtb%a.ntt{\ﬁémas(ﬁin@@fﬁséfa WHEIR the fifst oRUBEV irfd R about

1 mlliamp 1o netoresistive menory device

assenbly, dorgof fiongabant hmlﬂiampnhmmbcmtn@ raillgropssl i ty of individual menory

bits; the menory bits i ncl
second magnet i Cy| ayert egﬁgoa ﬁductlve ine is e\fe&ﬁcglly ccgnsntecte@po ct>|'rc(::urr|r§f71yer a

configured to maintain a maximum amperage within the second conductive line
to a level of from about 500 nanoamps to about 1 microamp; and

the third conductive line is electrically connected to circuitry
configured to maintain a maximum amperage within the third conductive line to a

level of from about 1 milliamp to about 10 milliamps.

26. A magnetoresistive memory device assembly, comprising:

an array comprising a plurality of individual memory bits; the'memory bits
including a stack having a first magnetic layer, a second magnetic layer, and a non-
magnetic layer between the first and second magnetic layers; the memory bits storing
information as a relative orientation of a magnetic moment in the first magnetic layer to a
magnetic moment in the second magnetic layer;

a first conductive line extending across a first set comprising several of
the individual memory bits of the array; the first conductive line being proximate the
stacks of the first set of the individual memory bits of the array and configured for
utilizatioh in reading information from the memory bits;

a second conductive line extending across the first set of the memory bits
of the array and spaced from the stacks of the first set of the individual memory bits by a
greater distance than any distance which the first conductive line is spaced from the

stacks; the second conductive line being configured for utilization in writing information

12



magnetic | ayer between the first and second nmagnetic |ayers; the nenory
bits storing information as a relative orientation of a magnetic nonent in
the firstwoagnetlse | ayer to a rmagnetic nonment in the sececd/usagomEli c

| ayer; a first conductive |ine extending across a first set conprising
several of the individual nmenory bits of the array; the first conductive

| i ne bei ngioghexiamarebitsie stacks of the first set of the individual nenory

bits of the array ang reqnbhasiordieb@talyonhé@ad van thetiseadionthel indivitioat i on
fromthe menory bits; a second conductive |ine ext e&di ng across the first
set of themegesy hitgpittee agay reudkythajirsh RenAUSHRIS ABth t he st acks of the

first set of the indpwicdsi raRnsneiditicaIPYomectiBaitrehedivsitsansians han any
di stance which the first conductive line is spaced fromthe stacks; the

second contigdidugbmpmesy it ighe amay Geush the BeerndSePdvsR % wri ti ng
information 12 WD 03/063169 PCT/ US03/00120 to the nenory bits; a first

transistor el ecbyi calrhy a888HGG bEslai 2EwhBRir the Siray @bmpfiséd i@ fdonstiny besral
menory bits of the array through t first conductive |i cond

i he i ne; and S
transi st or SeIRSENG LRSIrglecanthuberel he first pRd spqnkiralisisiass af%e”p?'ﬁ(ﬁ?m tgﬁal
menmory bi t &,@frink Beark@y. t hrough the second conductive line. 27. The
assenbly of claim26 whérein the array conprises a footprint over a

supporting substrate, and wherein the first and.second tr.ansi.stors are
peri pheral to tR& fa'BFﬁISF?be'?éP% {;'ﬂ'é“ 28 {”éS'/“.er SATPRTRY %’%glg%[:@ﬁ'd?s Pm 26

fugt her Cgm&*‘téra%il B&@@nf@lﬁ@%f&ﬁoﬁédcma asrpd@tiir/]e/mwesrram@whaﬂeirbmw_eeasnolt he first
and second conductjve |ines;, an erein. t Seco canductive line, is
spaced fr oRPAGHStR lingds spacqaEop es%ta@@toqé*?e fﬂerﬁ’fes‘?(E Hgﬁ\?i "&‘ﬁ\ﬁaum?fy&' ¥ &by

at | east aaeRAMINGSBbiRES HRGEsHb théleelrieallyrinsiative rmateridlainovke fist er i al and
the first conductive line. 29. The assenbly of claim 26 further conprising

an el ectri 6aMUptiyiNA-ati ve material between the first and second
conductive lines, and wherein: the second conductive line is spaced from
the stacks of the. fi msk ase&mbil of biaim 26 tlirthied uahprigimpary electrisallyinalativeast a

conduot 1 ve M DaiFepeS Fis 8o sesvat orete sy Ao FBERI "o ont act & one. o
the first and second tharegm@ticondiuiyies inodk spheedstramkise siboltshaf the first satef thef t he
It Rldlr \él ggﬁlﬂ u{&e\{%){ m%:qusry bl;%so by ;—ﬂga&sasc%nn%ﬂeop tLic%gs!anJf%?e éllécr:ttrigéﬁry it S N9 2
material and the first conductive line; and
the first conductive line physically contacts one of the first and second

magnetic layers of the stacks of the first set of the individual memory bits.

30. The assembly of claim 26 further comprising a third conductive line
proximate at least one memory bit of the first set of the individual memory bits; the third
conductive line being configured for utilization in both writing information to the at least

one memory bit and reading information from the at least one memory bit.

31. The assembly of claim 30 wherein the first conductive line physically
contacts one of the first and second magnetic layers of the stacks of the first set of the
individual memory bits; and wherein the third conductive line physically contacts the

other of the first and second magnetic layers.

32.  The assembly of claim 30 further comprising an electrically insulative
material between the first and second conductive lines, and wherein:
the second conductive line is spaced from the stacks of the first set of the
individual memory bits by at least a combined thickness of the electrically insulative

material and the first conductive line;
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proxi mate at | east one nenory bit of the first set of the individual nenory
bits; the third conductive line being configured for utilization in both

writing iwboswetison to the at | east one nmenory bit and r eadrusg3/oakor mati on
fromthe at | east one nenory bit. 31. The assenbly of clain130 wherein the

first conductive line physically contacts one of i rst agd secpnd
magnetic layers of tthe figgt gerducgye tingophysicatly ettaqis Of"ﬁ@f thieﬁ'&?t\ﬁn g5t Wenor y

bits; and M‘é@{e%brhfet’@oftthé GRACROBIAHS fitsY et éfﬁ‘l@e mbwﬁiuﬁﬁhbmwﬂﬂtsaahd; the ot her
of the first®and second magneti c | ayers. he assegb ﬁlﬂ? %l e% %1 3%
further conprising a#n&hedhir Q%dpg“’ed@ﬁlp@y?'%lycﬁﬁ{aéﬁt P omer LG YHENE r st

and second, LBRGHELhYE: hides, and wherein: the second.conductive line is
spaced fromtﬂ(g s?acks gf the first set of the individual nmenory bits by

at |l east a conbined thickness of the electrical nsul %tl ve terl al and
the first conduddi velhegesemiived ¢ainnga fgdh ﬁ@'ﬂé@%?@@f id t[ﬁﬂ?

conductive_| h ﬁ)ﬁh igitShr (ﬂ[gql, $2aand rragneti c
| ayers of ?lﬁé{@f’@é éhﬁ&téﬁ“ﬁ ch‘iﬁe W%Hﬁ)n |br/i ﬂua menory bits; and

and t he thégrijuetindlinei ve |ine physi caIIy contacts the other of the first

and second magnetic |ayers. 33. The assenbly of claim 30 further

conprising a third trans eI ect aII cte .he at | east one
merory bit thro%h t fidngt h?cﬁ {St‘& remgvp%d rr’gﬁtloﬁw QOM'{)H% ‘of storing and

retrieving information, conprising: providing a nagnetoresistive nmenory
devi ce, conpri sing: ﬁrolmn‘tya/mlagnetoms:istii/esmeg]cmy devdek campdsingncl udes a first
magnetic | ayer, a second magnetic |ayer, and a non-nagnetic |ayer between

the first and second nagnetic l%gne tr?:%rr{{oﬁ?gﬂ{;%.sté’él{]wﬁ%l‘n)fn'cmgeé gfpmat i on

as arelative orientation of a irst nmagnetic |ayer
to a magnetic nonent in thegnsixcleyst, magmnd oagrefiedayes gndrasorc@aduRitci ve | i ne

proximate the stack and o) gunedh ySflld detBta ichOid ANl byt | on

fromthe nmenory bit; and econ con |ne space romthe stack by
a greater distance than bhetdrlngstfoma’mdu@laﬁelaltlveler@rﬂatwtﬁf@dnﬂ%ﬂpt he

stack, and configured for utillzabl@n: Ml 298 o RbgRiRorhéhtlifhe

second magnetic layer;

a first conductive line proximate the stack and configured

for utilization in reading information from the memory bit; and

a second conductive line spaced from the stack by a
greater distance than the first conductive line is spaced from the
stack, and configured for utilization in writing information to the

memory bit;

operating the first conductive line at a maximum amperage of from about

500 nanoamps to about 1 microamp during reading of information from the memory bit;

operating the second conductive line at a maximum amperage of from

about 1 milliamp to about 10 milliamps during writing of information to the memory bit.

35. The method of claim 34 wherein the memory bit is part of an array of
memory bits comprising a footprint over a substrate; wherein the first conductive line
extends across several of the memory bits of the array; wherein the reading of
information from the several memory bits comprises controlling flow of electricity along
the first conductive line with one or more circuit elements; and wherein all of said one or

more circuit elements are peripheral to the footprint of the array.
14



menory bit; operating the first conductive line at a maxi num anper age of
fromabout 500 nanoanps to about 1 m croanp during reading of information
fromthe wommngi¥ t; operating the second conductive | i n@CatUusa3/mmE0 mum
anperage of fromabout 1 mlli arrp to about 10 mllianps duri ng witing of
information to the r od of clai.m t he
menory bit is paPt offh ﬁxeo{g?‘i@f im %WB‘?@"HF??”@%%WPE?‘?‘?QB éeafsggﬁ@“ nt over
a substrat giendtgbpé.n the first conductive line extends across several of
the nmenory bits of the array; wherein the reading of information fromthe

vt conduct |val | nd RRARANGRG! ot BhEPPLUR ey SRERCSES SAPMABPETn all of

sai d one omeniBMy Bit§.i rcuit elenents are peripheral to the footprint of the
array. 14 WO 03/ 063169 PCT/ USOB/ 00120 36. The nethod of cl ai m 35 wherein

r _
whor ai n e ar T &5 conbpieaiod el Y6ignuhS askh rymared ol HigB@Phog o

claim 35 V\hwne@mbttéae array conprises at |east 1,000,000 nenory bits. 39.
The met hod of claim 34 wherein the nenory bit is part of an array of

Comaut i ve 1§ noBPent dhadneifid BLAQ & Gheit R R riiGs 1UFEE L pd SR8l T
wher ei InI t hmema)ry lbngc@’hprmm@ arfasm;bmrnrmvetoa sliestray eheteimineosegohd tendvotive lirees
controllin

el ectri second .c I sne w th one
or nore ci %5 8 QFrgﬁﬁﬁ?\éeralo‘ri 8?18( gﬁ the L3y H"hgn%'qgjewrrlrg]rge circuit
el ement s aﬁrﬁormmﬁopln@t‘rml severd henforpbis cmhpmﬁestcbatrdhmgaﬂow dDeledthiatyragdrigottie of
cl ai m 39 wher ei e ar ri ses at bi
oo DR AR IR, WRTRE! 7 552 sk RbmbE: AR ARE Y sefbfone dl®
bits. 42. Thweecktdiodembnislead pedtherdldo diefobipentofiisy acaypri ses at | east
1,000,000 nenory bits. 43. The nethod of claim 34 further conprising:

providing a thirg conguotiye,L} 08 PEOKLIRALIG 5 ARk bilkgconduct  ve

| i ne being conf i I za ion to the
menory bi t naardory bits.

41.  The method of claim 39 wherein the array comprises at least 10,000

memory bits.

42.  The method of claim 39 wherein the array comprises at least 1,000,000

memory bits.

43.  The method of claim 34 further comprising:
providing a third conductive line proximate the stack; the third conductive
line being configured for utilization in both writing information to the memory bit and
reading information from the memory bit; and
operating the third conductive line at a maximum amperage of from about
1 milliamp to about 10 milliamps during reading of information from the memory bit and

writing of information to the memory bit.

44.  The method of claim 34 wherein the memory bit is part of an array of
memory bits comprising a footprint over a substrate; wherein the third conductive line
extends across several of the memory bits of the array; wherein the reading and writing
of inforrﬁation to the several memory bits comprises controlling flow of electricity along
the third conductive line with one or more circuit elements; and wherein all of said one or

more circuit elements are peripheral to the footprint of the array.
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reading information fromthe nenory bit; and operating the third conductive
line at a maxi num anperage of fromabout 1 mllianp to about 10 m i anps
during reaodiongexbs i nformation fromthe nmenory bit and w PCIrAo®60120
information to the menory bit. 44. The nethod of claim 34 wherein the
menory bit is part of an arr f. menmory bjts conprising.a f rint over
a substrate; whéPei nTPﬁén%tmcfé‘gﬂﬂ‘d‘tﬂ:‘ﬁ’ﬁ‘ @'”Ithﬁ@”""\é%’@ﬂﬁ%‘gsﬂj‘%ﬁ?@@ver al of

t he memory pfinigy efts.t he array; wherein the reading and witing of
information to the several nenory bits conprises controlling flow of

electricity alon t third conductjve |i with one.or re. ci it

el enents; and wﬁgr ei H-?'Slrﬁ‘eté?d gfaqlqirrb#ewggrem:};ﬁ?@rrgy P8'E?P'E'Seeﬁag‘ri%arﬁib@§§

peri pher al nepndriigit§.oot pri nt of the array. 15 WO 03/063169 PCT/ US03/:00120
45. The nethod of claim44 wherein the array conprises at |east 100 nenory

10, 000 menory BYts. THe e HEHRBE b gl o Bk ra i a A ol y 808 i ses

at | east 10MbrPBfRs. nenory bits. 16
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