12 JUL 2006 WO 03/063169 PCT/ US03/ 00120 Magnetoresistive Menory Devi ?&Lazr‘l) ”
Assenblies; and Methods of Storing and Retrieving Infornmation TECHN

FI ELD [ 0001] The invention pertains to nmagnetoresistive nmenory devices, such
as, for exanple, magnetic random access nenory (MRAM devices, and al so
pertains t oWHB{PHHE of storing and retrieving infornati onPCHEUSBUND OF
THE | NVENTI ON [ 0002] Nunerous types of digital nenories are utilized in

conmput er systen Wl | N

appl i cati one. f oreEpaReRERlortby dedloobbtt AShitics 40 Mo okiiohnd, |
menory in which digital bits of informaiion conprise alternative states of
magneti zati on of magnetic materials in nmenory cells. The magnetic nmaterials
can be thin frecHneAanelE® filnms. Information can be stored and retrieved
from the nmenpry devices by inductive sensing.to determ ne a nagneti zation
state of the mﬁéﬂi cade igentign PFEYE‘:‘IE[‘BF‘@F@PTQ?%“‘@%‘H@WH@ @I‘“cﬁﬁéuﬁﬁg“h&?ﬁ zation
states of thexdBHB, Hagréay t#FRem dctedssmeRsAMRAM) dbViged, BhdhlsRemEhd0esi stive
devi ce" characterizes the device and ngt the access device, and accordingly
a magnet or esi"ﬁ'?@éOE%WT'%a'Egrﬁ"l%'”ﬁé@%@?@ﬂn- by, for exanple, either inductive
sensing or magnetoresistive sensing nethodol ogies. [0003] A significant
anount of re | | | I nvested in nagnetic digital

menori es, su?ﬁg@héqwﬁﬁéﬁ#ﬁ\/mm because such nenories are seen to
have si gni fi cj@002]potNurhéralis igpesaitdigiiabmembids are utilxet necathynaerisgstemndom access
menory ( DRA 0 nent.s .and I c_ran e r \ onent s
That are. pr SREROTS AR £8Sh8 birdertS ARH R BB R Rt A SR | <
that it reli dataoMRAMécs type ot tigita) enesnary mgrehicki digitah bitaqd adfomation cGuptise

capacitors | | . : p ' y
64128 mi 11 i SOABRYERL oIR8 el e RO Rl ISP bR SR ¥
dr ai n ener gy niateialshantberthie fercamagneticlfiimg. pdaunatiorhean krestoredand setdevsdriroread t o
probl enms wit :Sd ' . 1 i ) ices i s
oot when posy b Ridiod: B Rbake SHRAD BIARE o fad il Mt BHhEDS o1 o
sone of the gedbisensbimagsiereeistivrisensingRaivhe megnetzstion staten at thermmanevi ces do
not require GansdANtisheloltsd itert thhdiRiore oflEichamcRligod R eAbd ¥ faster
t han DRAM devi ces. However, SRAM devices take up nore sem conductor real
estate than @ad pridhe GW%@@‘!‘C%"@@?EQFWWMQ "BQF@PE%'SHY%C’%&F@F ﬁcﬁ%ﬁeé‘j&se t he
density of mMpIGEYaxARIPIEL Bfiner FRNLHRIEEASHE br MBghet@ESie BRSIAYREthobBBhiBaSi ngl y

val uabl e. Accordi ngIR/,_ SRAM t echnol ogies are difficult to incorporate as
[0003] significant amount of rasearch is currently being invested in magnetic

digital memories, such as, for example, MRAM’s, because such memories are 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 Iead 1o 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 real estate becomes
increasingly valuable. Accordingly, SRAM technologies are difficult to incorporaie as

standard memory devices in memory arrays.



standard nenory devices in menory arrays. 1 12 JUL 2006 WO 03/ 063169, yuy. 2006
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probl ens associated with DRAM devices and SRAM devi ces. Specifically, NMRAM
devi ces do pot r ire constant refreshing, but instead store data in
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remain within the devices even if power to the devices is shutdown or |ost.
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i nvention enconpasseés a nagnetoresistive nmenory evi ce. e devi te 1 ncl udes
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second magnefy) S¥ARM fde@ non-nagnetic |ayer between the first and
second nagneﬁaﬁairayers.&x ?lérst conductive line is proximte the stack and

configured fdPOAR}i | iAtaeydhMRAMrdeyisPs havaraienialt, be ulilizeehasisigitaememgybit . A

second CO”dH&Iiée‘é,ethlei/ B dufreARASARiddiPMILaE SRR pRYIctsds38ifed With Wimg than’
the first conductive line 1s spaced fromthe stack, and is configqured for

utilization leshiRiediesgmanytabeadreassed it wauld R desitabls te deyelemigPreveddidAMs pect |
the inventi ogeigonpasses a nmagnetoresistive nmenory device assenbly. The
assenbly includes an array of ‘i ndividual magnetoresistive nenory devices.
The devices include nenory bits. The individual nmenory bits conprise a

stack of a pguMMERYBFTRIE NVENWRON separated by a non-nmagnetic |ayer. A
' for reading

first conduc[b@{ﬂ line is proximnmate the stack and utili zec{.
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magnet oresi s
conductive 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 magnetorésistive memory devices of the array, and the common second
éonductive 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. A first transistor is electrically conngy gﬁﬁdzpﬁ
with the first conductive |ine and accordingly electrically connecte P’u
the first set of individual magnetoresistive nmenory devices. Additionally,
a second transistor is electrically connected with the sec_lj;lgs o ?UC'[IVE
line, and a¥O8M8P y electrically connected with the fi r 3?’03 t he

I ndi vi dual magnetoresi stive nenory devices of the array. 2 12 JUL 2006 WO
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OF THE DRAW M@se[cgwi@qndpﬂe@éme&pr@ﬁqmmrﬁbm@@mm apReragR efftamyabodt & descri bed

bel ow wi t h 1 efi84/RP &LabduP16 htiidniid dl%@%nﬂﬁgf&ﬁ?ﬁaﬁﬁ{dtl@ﬁ t6HawheIBsy bl 0011] Fig. 1
is a di agranmat I C, Cross-sectil onal vI ew an exerrp ary magnet oresi stive

menory device enconpassed by the present invention. [0012] Fig. 2 is-a
di agrammati c m:nmpmtswmﬁn@Nfo]angrmRAmmsmgnet oresistive rrermry devi ce

assenbly illustrati n exenpl.ary, appli.cation of th ent enti on.
PETAI LED DESGRPHN offefermesie F@ﬁﬁé%aﬁ\'@tﬁﬁk IQERIPSIOEH g}f’g]be%’ WS gea‘?)'?@t, t he
i nvention pendmen@]lomgacaw%nyi@%\dmgé ce exenplif led by a construction 10
in Fig. 1. ﬁéli‘LJUCt ncI ude a substrate.12.. Substrate 12 can

for ég nlﬁﬁ

conpri se, ﬁréjs§'s??t'88ﬂl VNS SEFPEYE i rcui t
el enents ( notmagshtom)sh@e)mmm dlwroe@memmpﬁeedabydtherpresmemperﬁioat i on of the

claim that "Bbial Hhe 8BRS B8V BRIl AL EandideRET conduct or

substrate” truct sem conducti ve
material, i notaudnmgewmssamblyllllustram ancaxetnglaky am;mt@owﬂu‘@tnrmnmwmpai s such
as a semiconductive wafer (either alone or in assenblies conprising other
materials thereon), and sem conductive naterial |ayers (either alone or in

assenbl i es cOETAIEMBESCREFTIONQT THEPREFERREREMBODIMENTSt e” refers to any

supporting  10g13] In one aspect, the invention pertains to a novel MRAM device exemplified by
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 substraheﬁjmm6
descri bed above. [0014] A first electrically conductive line 14 is
supported by substrate 12, an electrically insulative layer 16 is over line
14, and a s\gé n?@il ectrically conductive line 18 is over electrically

i nsul ative 3’8\/ ®. Conductive lines 14 and 18 can conpr iREI/ESe/00124

numer ous conductive materials, including, for exanple, netals, netal

conposi ti onspp15Nd SRBRIGES bivEd i¥-NEPRAJSARE GRNE Ght CemBRARTd ahdk wiigtbul at i ve

| ayer 16 can cornprise any of numerous electrically insulative materials,

i ncl udi ng, fsfudesadiptan géﬂlq B 26 ®RePRd mﬂgr‘?ffcc!@fﬁf?éﬂt AR NOAEPLTICs o- cal | ed
| ow- k mat er indtérial 36 Betwabh nRQRSINYASLDERILH METHSHICRYR0ILENd DO Fenforrenor y
bit 20 is 0\[£er condHct ive line 18 anrd .(iﬁo[:rPri sef) Ig.sdr.ack whi ch includes a
first magnetft@OmmRally gampriseqne o fiqre ginitkel TPy papals Jidiup mangaBRsGmgnet i ¢

mat eri al 26 phfihuva@nd ARBEinm C Thayer-nagretizmbaiedal 28kgnedmpridegibesa??2 and 24 of
menory bit 20 typically. conpri one_ or re of. nickel.  i1ron, alt,

TE G iRl <Rl RiFRean B o Sone T aetlcRlsRE e P viRER b 26
can conpri Séee didre magnetosdsistive (GidR}) yevivenoiumhicomprisd an biattriCallydisusdive opper) in
applications_in. wich i [ ] Lstive (GWR)
devi ce, or i%aﬁer@%% g%qgrné\@ﬁﬂef ?*u@iqugﬁ%egﬁggg{%‘fére%%ﬁtﬁ @?@gﬁ "fsuch as, for
exanpl e, al applivatiorsyn dbichbL@RANdevidel i todre aliuoréldeggnetanesistipp (TR} dayite. | n

whi ch t he Vil | [8S LSt d IM?DH I ce.
Magneti c Ig@g}ﬁh g@ ‘%’ﬁeﬁsﬁ“i’é‘?’ﬁ@@é’ﬁ?{égﬁg rs&g J&%ngucﬁl %\?ng ﬁ:t%teéh%gmi(en t 'gqeg]}gom
enbodi ment . [0006116]A ikirdisonduchemnlingc2a is eravidad o9d the memewy bib @nd extendsie amenor y
bit, and ex ' ; : ' ' | hg st and second
conductive foﬁﬁg@néi})r%ﬁ?t'%m&%ggbﬁﬁ%ﬁ&&ﬁﬁwhgﬁmﬁ|1%/gn(?llléhe 28 extends
I nto and outAcedrdingly, thisg eonductivediner S mrtengs inkmanst o8 9f e negn i1thashewn 10.

Conductive lohBRaidh &3NSR £& GMHuSveIHEE @HIS coffdUsyiof RumBlogs | al s,
i ncluding, for exanple, netals and netal conpositions. “Conductive |line 28

physi cal coReaiucivamaigtels dnpludiag, forexapplenme rBABbRAMRSSHioNs. [ 0017] An

el ectri cal | Cohasoiv@line/2s piisiial @ntadts ingritioyecs ialienghowrdawiddirteraf
conducti ve | of second

| ne, 28 and nmemory bjt 20, as well as qver a to

conductive | toﬂi.’] 1\0 3%[&?@#’\?&'&%& mrtegp! 39ds B@M‘degﬁﬁﬂeéié‘ey%ﬁ St nurrer ous
el lept rical icﬁlgddcﬁ\td Iléﬁ@bzwr@rrh@hﬁry b_itizppéamlélrelt;; ovepa tqg%rspb@docsohgmczprﬂlmﬁ oxi de,
silicon nitr or aphesphosi | i.cat e ass o e. magnetic
| ayers 22 aﬂg' Eiiu%g‘@rfn {?F ?Ig%%né)ag GREpAET Ay %Wﬁ{o#ﬁgﬂﬁcﬁ[ 'I;’S"g?]'}l’!lai"??t?fl 5 1 the
magnet i ¢ noirehiding fohexarhgly esflica2 diogide) diliesh nimidadaly beropitosphdslicets digsst he

(BPSG).

[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-parallef 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 s changed during at least the writing of information to the memory bit.

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

. 4



magnetic nonent In layer 24 is illustrated by arrows 34. |nformation, . 2006
stored in nenory bit 20 as a relative orientation of the nmagnetic rmrrent

| ayer 22 relative to the nmagnetic nonent in layer 24. In the shown
constructi gnetic nonents are anti-parallel to ﬂ

Anot her st;\g?eggﬁre“’ldgﬁt ation of the magnetic nonents in Ia;?e% "%@6 ﬁ'(rj 24 is
one in which the nonents are parallel to one another. Information can be

stored wt hlléyelalzi fiXéd, Wl[@ﬁfé?drléﬁfalnﬁigwhﬁwIa@éﬁﬂ#@&ﬁn@dfﬁimarpafamalétblanm of the
to corres in a two-state nmenory
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2006 WO 03/ (88166 réeadingseByiihy2petatigrs in preférredembagdiments. Qee agrashefat i on

wi thin Iayerpa%u@ emgaa,ﬁgﬁisrd? eapreeernelnk{&h.oh% @mcb%mwmhi @bon’ilhéﬂv% liA§

Information'I's's e nenory Conductive lines 14, 18

and 28 are utilizddiea reasing epalating fahﬂ\’eﬂ/\'lplni!qw Bif 20 (th? bnend8 pidrigr'asheyid ket o -
menory bit 30 ph M&fe?ec?r%%édteféwﬂu thelH e Widvi ¥nshright? aHerhry etetd baRs bk .

witing of information menmory bit 20; conductive line 18 is utilized for
readi ng of thﬁ-‘nf@ﬁ’ﬂ’&‘ﬁt‘“&ﬂﬁﬂ"@%ﬁ'ﬁ”ﬁ%‘ﬁﬂ?V'“B'i‘{ayﬁr@%&"iﬁ‘ﬁ 26bnductive line 28 is a

conmon |ine wigohi ZefndtRér aépeéthaf bbmcmlmﬁwnr@mb othé lnloantra;ﬂes &bb@ﬂﬁ)nltﬁat
pref erred enbodi nents. One articular e oc% §r%]| e pr esent
i nvention idh %W’é’(’:‘&ﬁ‘ﬁ'i"%ﬂ"ﬁeﬁa{?r ‘%"tﬁ'gﬁﬁgfmt'%tolmﬁ@ow t 0'385‘?‘? Kwe é%dl ng
Oﬁer ati Fn [Qihﬁild: &I@cﬁlfal I&Bﬁlﬁét%’mbi the B Ent;{faﬁlcbllarlaspbcﬁ thie danchtnste lirsdatilif et foet i n]c

mc electrical con Wi 0 W, Sensi e o
ohe bt O A wingasmRtatEn (ble' i A showgisBastiustity BB AbsCoRBRbRE 5"
[ 0021] Anot f&rthasamagnemb fiplarftarcihle ariteelivieoidi averdps sufficiently witly ethitdo swikch a

t t hat WEA b L G ¢ i t

rorocy bi o 2oy stalf ol B Y WrekFicath 5 i & fBociionbhak i bRE APRIAE, | ©

ohm .
I n parti cul a2 asiEgisit thehine dotoddartfiomethk ibit éor whinid electridad contactwith thenlgjt. oper at i on

| i 14 of 0
it " ogne [022F ' Ing SRS 5k B0bn! iyl 1 £15256 80RO herPloieD, P
bit to sw t 0 kya emmbingd bicknessaff comictietling I Baod frisglativg mategiak\f. leh a magneti c
orientation ﬁ/&hrﬁdﬂla? eﬁnglﬂ{en Al é|51 8 Wit h%%@me%tgf fl{)ﬂl[eaﬂohp d ﬁng{sﬂ&mg ?\c{) W‘;f Of“

the bit for mc electrical on act
const r uct i orgbogbPLANdstemp; ansl layer 16 wilkipye aiteiskress A aldeast @ %4"(100

Angstroms, so that conductive material 14 is separated from bit 20 by a distance of at

least about 200 Angstroms. |t 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 crientation desired by the write
aperation. 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 mégnetic: 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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20 by a conbined thickness of conductive line 18 and insulative materj ﬁlg %@
In particular enbodi nents, layer 18 will have a thickness of from abou 8
Angstronms to about 300 Angstrons, and |layer 16 will have a thickness of at

| east about wkPf3shig@strons, so that conductive materi al 14 éfmﬁﬁﬁ(ﬁjﬁ?t ed from
bit 20 by a distance of at |east about 200 Angstrons. I S note

other intervening materials can be provided between Iayer 14 and nenory bit
20 i n additidm= dooduative id @r toptol we MRAM metrioey it e ortimegoeali taksooductivg/bres 16

and 18. [00 Q witin
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i ne. Specifical defects or inhomogeneities in a magnefic nmaterial
can cause trfwefﬁilgﬁetlc nmonment to be less than fully flipped, and accordi ngly

a stable Or'mtsflt'%mnank,e BRjpehPes pRVRYE throuhoRBELNGS ms‘esrwmatan@wcémen

flip back to'the ori orientation, rather than achieving the new

ori entation Qﬁeféiqu%f%&etﬂf’é“%rpﬁeraﬁwthqt tmlineggfriuidiged 8- 1AROiPgYcan si npl ify

the writing @pehahidiperafaitin ScHdutivelihe meéﬁ is uwzealsemwoi feagHgh ,
conductive line 28 a magnet ic orientation can hal f toward a

desi red nagrRREr&tiops)ic8Aw t“i‘%’r"?a'”ﬁﬂét%l%%'é’&ﬂ%’ﬁtab%trqo@rﬂaﬁ%“ﬂw ’iol*ﬂbBHbf"/l line 14
can readi | ymraRpels bantfdst, thd Meximaaneidctagerwithii edndagtivediné he (ditzddrind

orientation. The utjlization 20 6. VWO 03/ [ U 00120 of a
conduct i ve |¥HeoBat §8‘1‘n B%”W??é#ﬂr’?/" ?ftfronéﬁlaougs @6‘83?8 ?i conduct i ve
Ihl Infe ultl | i Zeiiafps. mu“tummytaomtakimum dmpe:r@getwmlrcedrid}dctmfheg eedan lbe asda

a sel ect roces 02 uct v g e utilized in

readi ng i nfa WQ‘PI 8%@%8%6@1‘ Squﬁ n‘%bampﬁjqa% ﬁad]'Bﬁgv de an el ectri cal
contact on tltmzeppo@ommjcsv&jmesm,t heard 28 cfamrcompmeamataglalscaueame fcoparnfilP25] The

el ati ve amige goags, B Qybdaded ALAHAM HOBONELISIL "ESookdng .S:toﬁﬁllsjcéigéjlirlfeﬁ_n be

tailored for e partrc oeralons _ nés are _
Accor di ngl y,1&canmmpmnmpr@uag@1dm’uw materdsteisiitebledon danyingdelaiivelydowi s

utilized sol gy f0ks lhslﬁglhgq% pié WIS nfdl)s Q’ﬁetapéuﬁfo%b% &hd@cﬂk@y

from about na oanps m Ccr oanp. n cont rast e nmax
anper age wi tdpad eenigarductiee miateélalmn@u@lng ponsiyctively depee ellienne rGanduetiye ha%m be

mai ntai ned af4 ghd 2BV@h Bphis@AURBBHS mbteRhissLifBR: fo?cé’rHﬁH& reih@vel;?hlbh' anps.

Addi tional ly, a maxi nmum anperage w thin conductive Il ne can
mai nt ai ned t&MRErAGeFENCIYAng fehORIBIR, varigys|metalep t o about 10 ml | | arrps

[0027] In an exemplary application of the present invention, memory bits of the type
described with reference fo 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 élong a vertical direction. Conductive lines 18 and 28 correspond to
the lines designated by the same numbers in Fig. 1. [t 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 hot 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



[0026] Conductive lines 14, 18 and 28 can conprise materials suitabl g fifr06
carrying the maxi mum anperages desired in the conductive lines.

Accordi ngly, conductive line 18 can conprise nunerous conductive materials
sui tabl e fo&,f,g%g}y@ng relatively |ow anperages, includi NG 1J‘I%r 03/ ple,
various neta metal silicides, and conductively doped sem conductive

mat eri al s, including conducti veI y doped silicon. Conductive lines 14 and 28

can conpris fﬁv@ﬁﬁﬁfe@-ﬁtsrmtr@arﬁdys Sﬁmillatrl@béaahfoomedlaes 98 extendd arossel set bf fije

I d I
Appl 1 cat T on TP BRI SAERTSY THBREr SIS e it PR pona W O
Wi th n{) Ff eg graneabcmrcﬁngjy utllizad mrlwlmog mihanmet;}nflts, ailllrmcﬁmdﬁcma:a%e SWEF%EKQHBI ary
co its is illustrated in Fi :
asse y Jl&?{%[ﬂ ?}J raﬁ%%gg Et?eysh%tvngﬁ%?éy g

with the ar nat e the nuneral 52. Assenbly
conpri ses a (0B8] r&a&:hsﬂthesimppdﬁﬂnd@B b%Clmuﬁ'a;aswlat%ﬁﬁ%‘i‘@wn&a'ﬁﬂ%orrpr| se

the materi ale%ggﬁﬁﬁfomﬁ%uﬁn%qin%t 8ucH &nfcﬁﬁr?rbc@es‘dﬁaﬁa‘d%fhrb%&gs é@aloh@ﬁﬁéé' dual

menory bits hin array 5 1%nate "X'. The menory
bits can corffrangewittheoxsa §aatone lineg 28 STW@HHVM' typiprlly 'Wer?dbqﬁ‘éi‘i"@ | ayer 26

descri bed al?l%ﬁﬁst\ﬁ’r g Mﬁ%lﬁnf@d fof a'r:ﬂcﬂg other El‘ﬂ%ﬂnaiﬁt%lh%é'rﬁéxl(mﬁﬁ conductive

lines 18 are s crossing through array [ on orizontal direction,

and a secondmpergglihroygibtheCondustive WESIW“ﬁE‘sa depirgg @@ﬁomd@?'@ﬂ'& e ingstough

array 52 al gpg sﬁow&rntmgaﬁ) vﬁil él@&ﬁé\férblrc&fﬁf'dsg‘obia’e@i thére@fh sinilaN® tAdcienitiyespond
to the lines designated he sanme n ed t hat

S, no
there i s no llughaigaeliatve to I'%'IQllagfi Hiilized %rpp@trollglgtfﬁgztof@gcp@% :ﬂbe the |ine

14 of -Fi g. linesStig hclueiidslise ekatfpik] MainaMiigh maximuyrparnperager il ien14to be under
t he conducti v ‘ﬁ I|ne 18, and accordingly not be visible in the view of Fig.

2. [0029] EAEHING Je58d Ei98uctive |ines 18 extends across a set of i'ndividual
menory  bit s{gg81pf THiaeara!yrmfﬁihmd bits®6 cimpises 8 frsttprint biarsubsittd54 | ne 18

extends acro S+ et. of 12 .J 06 five
menory bits ﬁées&gr}aé‘i;i a@r%l é{ﬁfb e%\éﬁecg?r{ heé’ﬁgnrigég ‘IE %épacr 0SS a
set of fi ve perigrapy yf the asapf demrcartry@p angGeksaciated with c@lﬁUbﬁl\neélne@m aspondi ng
to the linel4 L) j b he
menory bits, 2% aﬁO{velFéstgcwcéi’trgéﬁﬁ(;{%g gisgg&n%@sfwy h (k):#rl'&? ﬁ%’mﬁg\gb‘rsyﬁeﬂﬁéraéé does

t he shown | |tlnmfom’®nni[cm38@'] anex. tPreferabihe nb raesistars ash droz@ied adihipithe igptpript of

assoct at ed. WALl ih BrdoPlo SRR Aldriofion of Bzl Gl dhaly thh@Hed: of B ik

Such circuitry esignate oxes 60 along |1 18, and wth oxes
62 along |inkeda@wayaBa circuitry will typicaltly include at |east one

[0032] The number of memory bits within array 52 can vary depending on the
desired application for the array. In particular embodiments, the array will comprise a
matrix having 10 rows of bits and 10 columns of bits (& 10x10 matrix of memory bits),
and accordingly will comprise 100 memory bits. In another emhodiment, 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 MBAM 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
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transistor, and will be utilized for, among other things, maintaining @y 16
maxi mum anperage through the conductl ve lines within a desired range

Addi ti onal Iy, the I| nes 14 (not shown in Fig. 2) will also have ci rcwtry
associ at ed Jr simlar to the circuitry illustrate | to line
18, and uti e@ flor controlling flow of electricity thr O&M%&‘h&?‘f nes 14,

i ncl udi ng, for exanpl e, maintaining a maxi num anperage within line 14 to

Wi t hin a desturesiwittpgedrive @0dddts TOﬂeaé;ﬁ@yoﬁﬁe pfesﬁmﬁmej\tubi is30 Eﬁhzs@rﬁarfi ses a

footprint over S deS| ed i mat dashed

| ner 70" ext oo anestiy Tho SPPERURIRBR o BBMS Pt Wpdh c ry 60
and 62 assocmatmed hili dilbwe thrdinrrtsistaes kssvemieti8vitirtbe c@@juctes tcvm dpesdedinaui try
(not shown) i t he

(oot pr oty S8R, riboR ARG 4 R8st PuRRTOPINERL Bt TE,
footprint of relattthetomrtoayrhcnnsjwmnss &imerﬁpprma‘tdbaﬂ%atpﬂa% oitthe die aegar ay and
densify the g t [ I unber of
menory bits wt Hﬁ?ﬂ%dg\{ﬁrg %’/1 I\ﬁHAQIaér?Q{E;rgl?Ig |§§Z%ce;€1d Oeguﬁém w‘[ltgg%s%%l?ﬂeg g%pl i cation
for the arr afpdugtionehine;staq ﬁﬂh%ﬁﬁ%@dﬁt%ﬁ%deﬁﬂ'weéwél?%Ispbﬁéfﬁiﬁ‘ﬂy se a matrix
having 10 rovwgoda| bid éon%?ﬂné@w@rﬂh@@fh?ut@fth@!rﬁrénﬂoﬂ h%@’b@@n B@édi‘lbéd ﬁflaﬁH%HBé y

bits), and accordingly w onpri se menory bits. |In another

enbodi ment, TRE YlesgEPRFific 33 E’cﬁﬁ"ﬁ?ﬁ“% aad T@Mi’&@' fﬁ%ﬂ"ﬁsx Itdg torheniderstrods, and
will accordi Méoleﬁwmesﬁvé@;oﬁ)%ot NRRSY 1 the ép%cmb feat@res BROWMATd mbmsbdrre nt,

the array wl| se a 1, x1, 000 ITB.tI’I S,
accordingly W“Fe\t Wgﬁ’ﬁf‘? berein ﬁfgosﬁgﬁowgﬁ?r@/e rfﬁngfvﬁ%gaﬁl'{'?Q:‘tth‘ éﬁ“’e“%b'm%atl ons
there will beffeen meriﬁvurmoueisemmmrey\blmmel |ﬁ5twdfmetfq&h13rdr nmifﬁaﬂiwrs v\ﬁthmhémrmry

bits and conductive i betmeen he, nme |ts

il 1Ty T apppapes R aRenRd e St Rl e P R patermet 1R fRons
typi cal | y ut déatrinecbf aqueivaights. | i ne in ohmc electrical contact with a nenory
bit for both reading and witing operations (i.e., would utilize the 1line
18 of Fig. 1 for both read and wite 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 with a witing operation, which caused the transistors to be
operated in the deep linear region of the transistor current-voltage 7 12
JUL 2006 WO 03/063169 PCTI US03/00120 curve with low drive currents. One
aspect of the present -invention is to utilize a half- select isolated wite
conductor. The electrical isolation of the wite conductor fromthe



menory bit allows the transistors associated with the conductor to be
operated in a saturated region, and consequently can reduce tr EnB{LsA08f
width by at least 10 fold relative to prior art constructions. Since
approximately 30%to 40% of the die area associated with an MRAM assenbly
is typi célAIMSoccupied by wite transistors, the reduction of the size of
the transistqrs c ase.the die size substantially. [0034] In

conpl i ance V\qulf h t%gmgﬁﬁétgﬁe I,St'Y%@efnr?\%ﬁ?\f'%enC?l'gg”%'ré%n descri bed in | anguage
nore or | ess specidmemas bibcatprisotgua sthckawhichichaogs adirstireagnetietayef,ta is to be
under st q f hat i ' [ L e specific

f eat uressgg%%d\/\ﬁggﬁ%ﬁéaeyset&rl e%?gn é}%ﬁ%“%'ﬁﬂ”ﬁég%t”ﬁé% g%s?]gg? é%)?ot)nlsaed conpri se
pr ef er r evlagneticizyers; fhetrhemgrytditsstoningentorroatidnresoa reddtive orientalien phavent i on i s,

therefore, clained in .any of its.for r LLications. within the proper
scope ofm%qul'gglﬁ rﬁﬁ%@ tﬁieﬁ[s?rgnagbgpcolgyﬁ?%lnglgg?%klégn ﬁ?\i ngﬂ.' tlh\énségérﬁjr dance with

t he doatagnedic yeequi val ents. 8 12 JUL 2006 CLAIMS 1. A nagnetoresistive
menory device, co ising: .a nenmory.bit conprisSi . stack which i.ncludes a
first nmagnetic | a%ﬁr,ﬂ 95’”85‘33’8%9% ptedng g‘%‘é‘? ?ngﬁﬁguwgﬁ_orré@lﬁ%tﬁnénl ayer

bet ween reddingd inf@iatoifremand themtrgbiet i ¢ | ayers; the nenory bit storing
information as a relative orientation of_a nefic _nonent .in the first
magnetic | ayer toaaser?ﬁat%(gwcﬁdc %@Tﬁsﬁaﬁe‘? H@mstgggﬁ'aﬁ bﬁﬂ@ﬁgﬁ%d'ﬁﬁ@@?; a first
conduct ithgn ahyndistahexxivhiah ¢hd firet Gdndativanile (osaced freeh thektadk| driczat i on i n

readi ng i nfor iop fromthe nmenpry bit; a second conductive |ine spaced
fromt hé’og{'%g@ ”gl'zé't'%'ét”e‘?’r'tmgéfq@Hﬁ%t'thﬂghe 'Qﬁg’oa'ldté“toance which the first
conductive |ine i syteps6 ek firs0and Seofd aehductvislines @xidngusmptubimeiuti | i zation in
witing information to the menory bit; wherein the first and second

conduct iRpealie| ‘Hé’é‘eéf‘f’m?& longitudinally parallel to one another; wherein the
first conductive lHafeihShe@bt siridubR@dink s MtiutiliZed ih WrighgRiforaiatibe td the  nmenory
bit; and wherein the second conductive line is not utilized in reading

i nf or matMYROYOHoMS he menory bit. 2. The device of claim| wherein the first

conducti ve | i ne | Syricfeif e Secohli @6AdICHM IrROGBELsed [h BhdhgaATbmMitRNOr the

li
magneti c Ia&Frs of the nenory bit, and wherein the second conductive |ine

i s not Iffpnplgireerapr¥dity i cal contact with either of the magnetic

2. The device of claim 1 wherein the first conductive line is in ohmic
electrical contact with at least one of the magnetic layers of the memory bit, and wherein
the second conductive line is not In ohmic electrical contact with either of the magnetic

layers of the 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.

8. 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



| ayers of the nmenory bit. 3. The device of claim1 wherein the first and
second magnetic layers conprise one or nore of nickel, iron, cHoBilt2006

i ridium nanganese, platinumand ruthenium 4. The device of claiml
wherein the non-magnetic |ayer conprises an electrically insulative

mat er i albetvizenthe fickdanad eeesindcoatvative lines, @nd whieeimthe-seagme conductiyedlineconpr i ses

an ele ' I i ' : | | erein the
flrst oohahnces nARSHE blat HREA bnoinBy 1HDeCCUt FE eflonfeall Medates 2
magnet i anatayad@pd the firsheondestivedinef claim 1 further conprising an electrically
i nsulative material 9 12 JUL 2006 between the first and second conductive

| ines; and wherein the second conductive line is spaced fromthe stack by
at | east a cdnbi nddretdeivickoésaino wheeeie theceledtdedlly ynsutadive materil materi al and
the fir ' i ' ' e ectrically
I nsul at %&@%ﬁg%ﬂdg%'ewh%%q@gggggIog%ﬂp %\ﬁ/ﬁ@é%&#'ﬁ%%ég@@@%@ @Frtd%b?ﬁd of silicon
di oxi de vanch isiat ieastrabout 10@fethicknd which is at | east about 100A thick. 9. The
device of claim1l further conprising an electrically insulative nmateri al
between the first and second conductive |ines, and wherein: the second
conductive | i9e i SThepkeied of clam t Hertrstr aokpbsingan eleaically insdativeneatetiali ckness

of the electrically insulative terial > first conductive line; and
the fi rjﬁe?%?ﬁéﬁ%k'f%gn? F?l%mShc)?EP% i g}n%oﬁﬁggﬁhépegnﬁe of the first and second
magnetic | ayers. 10e sddoaddendumivefineisaipardd fromtheestaclobpat Isastg a t hird

conductiyve li Proxi e the stack: .th hi nductive line being

cont ' gurcaoinsh T BirSs TP eiooteadl Aiartd Ratehel sof BRTFS Kot Suahd Frror y bi
and readindg I nformation fromthe nenory bit. 11. The device of claim 10
wherein the first copdyuctive.line physicall contagcts.one of the first and
second nagnetic | é@%ﬁ@,yc%cmé[n@i y%/'ﬁ@&tcﬁpi‘laﬁtsc%}?aﬁg?‘? Wéparl‘qoﬁ%coﬁﬁysi cally
cont act snigmetiotahers. of the first and second magnetic layers. 12. The device
of claim 10 further conprising an electrically insulative material between
the first and second conductive |ines, and wherein: the second conductive

line is spaced. frometdeRicelohekin®y fa@thdr @8briging 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.

11. The device of claim 10 wherein the first conductive line physically
contacts one of the first and second magnetic layers, and wherein the third conductive

line physically contacts the other of the first and second magnetic layers.

12. The device of claim 10 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;
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 slack 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;
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conbi ned thickness of the electrically insulative material and the first
conductive line; the first conductive line physically contacts2dY&28% t he
first and second magnetic layers; and the third conductive |line physically
contacts the other of the first and second magnetic |ayers. 13. A

magnet or esi sti ve mdirgtropndestive éine configuresi fagutilizatramnreading infesmptientrey a sl ack
whi ch | B HdRRnAol dPh JTRAEERLRchiRERact fith SAEAR SnEROR! hégetkTyeraiNd 2

non- magneti ¢ l'ayer between the first and secon magneti c [ ayers; the menory
bit storing infor@esecond eendsctive linei cpafigured far atilization fn writingaptesmaiomieent i n

the fir L I JBARES | toitl e | Retic layer;
10 12 J?KE" %%@ﬁéﬂnf?rﬁdﬁ(&%%%& | Veﬁfaﬁ Ecgntgﬁn | gelljtpg';:l&f o? ﬁ%@ﬁ?&zg?]@%n I n reading
i nf or natheomefmopnbit t he menory bit and in ohmc electrical contact with at

| east one of the 21 | v, : - ' | AAE i i gured for
utilization in w W’%@R #%fdégnﬁdﬁgﬁ%%gﬁﬁﬁ‘gt'@%g%&@? '%H@E%@tgwi n ohnic

el ect ri pafalleldntoaetanaihieh ei t her of the nagnetic |ayers of the nenory bit

wherein the first . ive. i _ext. : ' '
parall el to one anbrre HHE GRASREHE A SRRNIF RO PRI 1
in witimamerpbdrareti on to the mnmenory bit; and wherein the second conductive

line is not utili . eadi | . | r | L 14. The
devi ce of clain11§$@ﬂ%$g#ﬁ§%ﬁggféré@m%%%ﬁﬁgPPQ%ﬂ?%%@qgﬁggyéﬁ?ﬁk%ogontacts
one of filoen themstmapditsecond magnetic | ayers. 15. A magnetoresistive nenory
device, conprising: a stack conprising a first nmagnetic |ayer, a second
magnetic |ayer, and a non-nagnetic |ayer between the first and second
magneti c | aydds; Theidesice oduodinet 8 whelasimihedivaticohdectise ok playsitatipnf i gured to
generate ap eleciﬁ%ﬁau field W@ich suﬁficiently overlaps at least a first
por t i on SBP1aFigONELLte Tt and second MagRAIG IBYETSy i ent ation within at | east one of
the magnetic | ayers; a second conductive |ine under the stack and confi gured
to generate 33 electri sufficiently overlaps at |east a

: A (iarl {sliel d Chew Figing. - - - .
second portidn: of /A'HBIRGIAERISHYE MPMEFY deVIGea BRSNS i ent ation within at | east
one of the magnet iastheky@ndrising a first magnetic layer, a second magnetic layer, and a

non-magnetic layer between the first and second magnetic layers;

a first conductive line over the stack and configured to generate an
electrical field which sufficiently overlaps at least a first portion of the stack to alter a
magnetic orientation within at least one of the magnetic layers;

a second conductive line under the stack and configured to generate an
electrical field which sufficiently overlaps at least a second portion of the stack to alter a
magnetic orientation within at least one of the magnetic layers;

an electrically insulative spacer under the second conductive line;

a third conductive line under the insulative spacer and spaced from the
second conductive line by at least the insulative spacer; the third conductive line being
configured to generate an electrical field which sufficiently overlaps at least a third
portion of the stack to alter a magnetic orientation within at least one of the magnetic
layers;

wherein the first conductive line is electrically connected to circuitry
configured to maintain a maximum amperage within the first conductive line to a level of
from about 1 milliamp to about 10 milliamps;

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

wherein the third conductive line is electrically connected to circuitry

11



an electrically insulative spacer under the second conductive line; a third
conductive |line under the insulative spacer and spaced fromt hd?2 Jg{‘—.*(’:%’ﬁd
conductive line by at |least the insulative spacer; the third conductive |ine
being configured to generate an electrical field which sufficiently

over | apsondigutedds maintainia maxiporm aroperage witbindhethirdicondyative line ing ifvel &

orient aFrB:%r%b%ltmn'ﬂli p{oeé'an%tut Q?ﬁ]”ﬁ;mhge magnetic |ayers; wherein the first

conductiVve TTne Is el'ectrically conhected to circuitry configured to
mai ntai n a maxi mum anperage within the first conductive line to a | evel of

from about 1,4l il'ﬁé’rge\;ige Qpcﬁédh'n ‘fsgwﬁérla’nitﬁérﬁ%i, S}%{E F£hrit 18 cBRGRMPe conduct i ve

line is electrtically connecte circurtry onfigured to nmaintain a
maxi muninesEteng enagnetic origntaicnerithirdthe satheanievat the e magnetic|lavees, abfl f r om about

500 nanqgamps..to_about.l1 mj ; i [ onductive line is

el ectri @%%V'?Bﬁﬁ%ﬁ%éﬁc P ﬁénﬁ{étfo?.ﬁ tﬂ‘r@&%%ﬁ%&b égg%ét@clé\%r%ur ed to maintain a
maxi mum anperage wthin the third conductive line to a |level of from about

1 mllianmp tg,abo Q.m L} . The. j { 1k rein the
first, secongzand%%%’?‘ﬂ%ynédﬁﬁ fsvvgﬂrgrleinntﬂgﬂ%?%@c?%&b&éﬁ%ﬁ&%{yﬁéﬁt ation

Wi t hi n thepssnameostenart of hiekéwoonregbat irdidnayreanganesel platimuroandal t er a magneti c
orientation.of the other of the two magnetic |layers. 17. The device of claim
15 wher HBEMYR £irst and second magnetic | ayers conprise one or nore of

ni ckel, iron, cobalt, iridium nanganese, platinumand ruthenium 18. The

meulat i ve mibar i 3¢ 94 3 I BRSRIER nbnr AR BB PR BB angnet i ¢

| ayer cerpricsigSnsudtivainmateriaixi de. 20. The device of claim 15 wherein the

non- magnetic layer conprises an electrically conductive nmaterial.
copper.21. The device of claim 15 wherein the non-magnetic |ayer conprises
22. A magnet oR@si Stri& deEsTof dlaitte1d wher@BstgPby-maypetic lagemgum@isear r ay
conprising . a plurality of individual nmenory bits; the nenory bits including
a st ack 2WEUTYHY OXdE; 1 st magnetic | ayer, a second magnetic |ayer, and a non-
magnetic | ayer between the first and second nagnetic |ayers; the nmenory bits

storing information as a{ I,at% e orieﬂtation of .a margnetic monent in the
first magnet 28 | a;gg deyce,of claim 15 wherein the non-magnetic layercomprises an

electrically conductive material.

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

copper.

22. 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
utilization 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
to the memory bits;

a first transistor electrically connected with the first set of the individual
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magneti c nonent in the second nmagnetic layer; a first conductive line
extendi ng across a first set conprising several of the indivi dﬁé‘“‘ﬁ@ﬁory
bits of the array; the first conductive |ine being proximte the stacks of
the first set of the individual nenory bits of the array and configured for
uti| i zatieowry bity efdlk amgay Wfeuatdhe Hist consivctvedingenory bits; a second conductive

| ne extendi ng ac% ior?dhcfar?csl]sfo? eletfical cdrk cf@@WhW Qth‘fsetcgftﬁé"e array and

spaced fromthe s rst set of the |n I vi dual memory bits by a
gr eat ermd|vsluahnempneb1tsmﬁ%Q}Iarsamﬂ’iwghm%wqoh@ conguptive iluct i ve |ine is spaced

fromthe stacks: ORiSRENR ah8 G ctho étﬂ@luh@é@ﬁ%ﬁ@%b&%ﬁ‘éﬁyfor

utilization in witing 1n ormatlon e nenory bits; "a first transistor
el ect ri paraligl te omnendgtber, Wit h t he fi rst set of the individual 12 12 JUL 2006

menory bits of th&hgf ﬁ%&%%&ﬁ&u@ﬁ@@ ifd & $ot gfﬂ.ggqﬁmmﬁ\gf,maﬁnaw@qw&d

transi stor electr connec h the I vi dual
menory tmetronobit; tand array t hrough the second conductive |ine; wherein the

first and second cooduckiye Lidieseu il ong il A H i@ Rihbiln L0 one

anot her; whereln’fv EOUT eV Re 1€ e I'ting

I nf or mafrom@nhé metrioey bmrermry bit; and wherein the second conductive line is
not utilized in reading information fromthe nenory bit. 23. The assenbly
of claim 22 wherein the array conprises a footprint over a supporting
substrate, apsl whTheassdniitgy bi ¢laitn 2hathereahel atramnsmplﬁsﬁssa fmotpriptoveplaer al to

t he foot rint o senbl conpri sing
an el ec’f"‘r' Rogingysu Lﬁté%}féa?'?c{/@erﬁjﬁ'ﬁg? -frsz ang,tiﬁ@gﬂ¥rtaﬁgspfsr 4P pzeﬁ'a%véc@%heconduct i ve
| i nes; fathrinhefthearrajle second conductive line is spaced fromthe stacks of
the first set of the individual nenory bits by at |east a conbined

t hi ckness of the electrically insulative material and the first conductive

l'ine. 25. Theq assrfn@bysecwﬁblpbmmmﬂz fuuhémmpmrmrarsém@neanyeisemm cally
ter bet ween t he ctive |ines, and

|
hhor o mmaarial BUVEHA e TG SPEoTd Fr ) Qe s e eRdPE bt of Che T r st

set of t&Rtuctiveding |§Iupéceaﬁram thebdtécﬁ(swtl‘@tflrét%asbf the mﬁmmdwemry: kinelsys of the
electrically insulatjve ef and the iII’St (ii iLve. |ine; and
at least a combined th|ckness o} the electncally insulative ma er| the first

conductive line.

25. The assembly of claim 22 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; 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.

26. The assembly of claim 22 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.

27.  The assembly of claim 26 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.

28. The assembly of claim 26 further comprising an electrically insulative
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the first conductive line physically contacts one of the first and second
magnetic | ayers of the stacks of the first set of the individual? JP&rt8%y
bits. 26. The assenbly of claim 22 further conprising a third conductive
line proximate at | east one nmenory bit of the first set of the individual
menory aterial batweenitheifirstamtisraond sondustiverinasgandwherginied for utilization in
both witing infog i - %E@r@ i 2 Male]
i nformation from ttﬁk%%c'?’nﬁtecgg‘%&gﬁgh%%%c%l t. i %‘%gbde{tst%%mn‘g} %/eﬁ‘% {hgl aim 26
wher ei n indidddal memasy ity atleastiargempiinesi thigkmess of ¢het electgcaliiénsylativee first and
second pmgneliaq h‘%yfﬁétscoﬂf:luﬂng “ﬁé.acks of the first set of the individual

e thi'

menory bits; and wherein the third conductive line physically contacts the
ot her of the firsthefirgt ecndodlivertingmbysically ppotasts arg. of theefirgbauhsgopndf cl ai m 26

further 1S e rj VAN ] - mat eri al
bet ween ”ﬁi}@g H @ggggm es%%%‘tr?dd g%;lnﬂl %tc%e?égh?ﬁﬁndé\gdl}az# v@]{glrb g%%@,ﬁt he second
conductive |ine i @ndprecthitdcontndtine ling plylsicatf caritact$ thesathereaf thyf finshand

individ i y at | east a conbined thickness of the electrically
i nsul at :é\%!éo na%@élt‘gltéygﬁéé the first conductive line; the first conductive

| i ne physically contacts one of the first and second nmagnetic |ayers of the

stacks of theggufir t i NGk Vi ‘ i-t.S. third
conductive | ?R'e pﬁbgisagg?rﬁ{);y8@%@@2?@Y4rﬁ1§?é¢grﬁ§ﬁ@@a Phréd%ﬁnsgtjor%ﬂe trchgycond
magnet i cohrmectedswitiPthe at leasborseminpnolit thraigmtBétHirdrcohductivetipe.i sing a third
transistor electrically connected wth the at |east one nenory bit through
the third conductive line. 30. A nethod of storing and retrieving

i nf ormat i on, 300nNpA rmethgd opstoringland redrigwirgniafoanations tomerisimgror y devi ce,
conprising: a nenory bit conprising a stack which includes a first magnetic
| ayer, a second magnetic |layer, and a non-nmagnetic |ayer between the first
and second magnet pmvidiyea iaghbresstive ynenliory detios,icogprisihgr mat i on as a
relative orientation of a nmagnetic nonment in the first magnetic |layer to a
magnetic nonent in the second nagnetic |layer; a first conductive |ine

proxi mate the stack and c@®nfdnity Bl cofmprising & kiacRWhiph ihdludedadlfildg | nf or mati on
fromthe nmenory bit; and . a second cogductlve | ine spaced fromthe stack by a

greater distance thdR29MRAICHRNEEa 880 FIAIPELG laner, PR & FRRERASNElM t he

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 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;
and

operating the second conductive line at a maximum amperage of from
about 1 milliamp to about 10 mililamps during writing of information to the memory bit.

31. The method of claim 30 wherein the memory bit is part of an array of

memory bits comprising a footprint over a substrate; wherein the first conductive line

14



stack, and configured for utilization in witing information to the nenory
bit; operating the first conductive line at a naxi mum anper age & T4 W about
500 nanoanps to about 1 mcroanp during reading of information fromthe
menory bit; and operating the second conductive |line at a maxi mum anper age
of fromexanggtaciosgiseverangf theymepwuy biioofithe atrayiwdedrin theyeadingiohg of

i nf or mat;j t TR P ol irfe! TR M e the nmenory
bit is ﬁg@ﬂn %)tib ngﬁbq%rray %rfatph@r?‘ﬁ 9'%&?@‘5%%%%??2{"}@ fa fofg%?%riln edl(l)d\hg,\lr a

subst r attbe firsheorsiuctivehinefwithsenecermioretdireet elementsandwheseircdDd said enely acr oss
several rﬂéretc}i}@uipagme}{tsbdr%?){egéhérg'l%?EHJ %X@ri%rtﬁ‘é[ Qriyjne reading of information

fromthe several nenory conprises controlling flow of electricity al ong
the first conductive Iine with one or nore circuit elenents; and wherein all

of said one of MR GLEHI B P URSrcH Relflal ROREALed 8 1L 1680t print of the

array. 32. The netho clarm erein e y conprises at |east 100
menory bnemory3®ts. The net hod of claim 31 wherein the array conprises at |east
10,000 nmenory bits. 34. The nethod of claim 31 wherein the array conpri ses
at |east 1,000,000 nmenory bits. 35. The nethod of claim 30 wherein the
menory bit i S33par tThef methodof dgino81 wiveredr fhelairtag comppsesatigash 10000pri nt over a
substrat e; V\hebr.ei n the second conductive line extends across several of the
menory gIe 0o P he array; wherein the witing of infornmation to the several
menory bits conprises controlling flow of electricity along the second

conductive line with on r.nmore.citrcuit, el ements: .and er.ei of said
o6 or  more Br cute BRBedor SBET af bbbter oB A S FRe SRR RGP ne array.
36. The mehbgditef claim 35 wherein the array conprises at |east 100 nenory

bits. 37. The nethod of claim 35 wherein the array conprises at |east 10, 000
menory bits. 38. The nethod of claim 35 wherein the array conprises at | east

1,000, 000 nesmry e ethdd of dilien BBWheirthethathofy 3R i§ part bE4n aoapef si ng:
provi di nr% at le rd conductive |ine proxi Ee thhe ,SE ack; the tJn {.d conductive
emory bits comprising a footprint over a substrate; wherein the second conductive line
extends across several of the memory bits of the array; wherein the writing of
information to the several memory bits comprises controlling flow of electricity along the
second 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.

36. The method of claim 35 wherein the array comprises at least 100
memory bits.

37. The method of claim 35 wherein the array comprises at least 10,000
memory bits.

38. The method of claim 35 wherein the array comprises at least 1,000,000

memory bits.

39. The method of claim 30 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.

40. The method of claim 30 wherein the memory bit is part of an array of
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| i ne being configured for utilization in both witing information to the
menory bit and reading information fromthe menory bit; and opdt HikHEet he
third conductive |ine at a maxi mum anperage of from about 1 mllj anp to
about 10 mllianps during reading of information fromthe nenory bit and
witing mémbwfbjtsrmmmmngafbotprilnrceamrysbbstratezl@uheirdfilethaethmdmomluotﬂmlirra 30 wherein
the nmenp r npri si ng
a foot pr(lg)é(n r%g\?ecto%gggg%a Sfe’{ﬁé;;m%\%owbg Ofgtﬁe%'ta?ﬁ] %eﬁeﬁﬁﬁw fe'ti v{ng Hﬁ'tlﬁgt ends
acr oss ssudomtatioh t¢ the sevemat ynemarg bitd cdnhpgisas canytrollitigefos of alémncntgaxlhngg and
vvr| ting i l'ing

W of thgie@{d;‘c{ogﬁgahé?ﬂe fith toﬂg of fieré 81'chI‘§e"e‘?{.§(r{;g qtnﬁ VHEIEh ah oF s&if ;&Bé%
CI rcuit rabmrrmntu‘selemedtsvmerpenm&tblltodﬁe feaipdnbefehearraynor e ci I‘CUI t elenents are
peripheral to the footprint of the array. 41. The nmethod of claim40 wherein
the array conprises at least 100 nenory bits. 42. Ttte nmethod of claim40
wherei n the aftay Tempeihsdof akint édshedlh theGrrageompyisds dtdeast300The net hod of
claim 40m¥3\{]ngrryei3iitrs] the array conprises at |east 1,000,000 nenory bits. 16

42, Ttte method of claim 40 wherein the array comprises at least 10,000

memory bits.

43, The method of claim 40 wherein the array comprises at least 1,000,000

memory bits.
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