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Rel ated Art: The discovery of the giant magnetoresistive (GW) effect has
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BACKGROUND:

1. Field:

The present invention relates generally to magnetic memory and more specifically to

magnetoresistive memory elements.

2. Related Art:

The discovery of the giant magnetoresistive (GMR) effect has led to the development of a
number of spin-based electronic devices. The GMR effect is observed in certain thin-film devices
that are made up of alternating ferromagnetic and nonmagnetic layers. In a typical device, the
relative orientations of magnetic directions of the ferromagnetic layers define a binary state of the
device. The resistance across a device is generally lowest when the magnetic directions of the
ferromagnetic layers are in a parallel orientation and highest when the magnetic directions are in an
antiparallel orientation.

One type of GMR device is commonly referred to as a “spin valve.” GMR devices,
including spin valves, can be used as data storage elements in magnetic random access memory

(MRAM) devices. In this regard, exemplary MRAM applications of GMR devices are described in



herein by reference. A spin valve typically includes two ferromagnetic

| ayers that are separated by a thin [ayer of a non- rragneti C rret al (usually
copper) and al so includes an antiferromagnetic |ayer that "pins" the

magnet i zat i @0 2dosvoeossy on of one of the ferromagnetic | ayq;csfmggb(g%(%q
illustrates (in a sinplified form the layers in a typical spin valve 10 as

seen f oSN Butcht ARs V6,847,988 11BV925! B,178,9U1 Gnd 64933138] all \bE Wil Gre lﬁ&iry&@éd
ferromagnetic layers 12 and 14 separat ed by a nonmagnetl c layer In a

typi cahereﬁrgyarggpﬁ?;@gt one of the magnetic layers is configured to be a fixed
| ayer 14. Firxed layer 14 is adjacent to an anti -ferromagneti c layer 18,

such that the Pmﬂf%%gééény ReididsG&h :fér%{bfr&f)gn%ia(lg rd i dre %%pag ‘gdbssp | A0SGyer

particul ar orfentati he arr ow | 'a er an ex rrp ary

2, ) S, Ak TS SRR LSBT

remains rel ati veI Yy fixed when operational magnetic fields are applied to
spi n v#agectizgionaditection 9f pag AEhederramagnels layers; diigyg 1 iHpgwtos et smﬂlﬁp%
contrast with the fixed |layer 14, the magnetization direction of free |ayer
12 i s fores thedlaysrp inch tipicahemn vplie A0 jag Feendrm a gisiei viewy-a s shown ireRigatei lenspin as

i ndi cated by the double-arrow synbol in free layer 12. By applying an

appr opvalat €0 melpdet feorofmiaghatictlayesypiZrand dWsepatficd bhe nomegageeiic kyeralé. di péytidabn of
free layer 12 can be inverted while the magnetization direction of fixed

| ayer Idargenentisnd bLtieanBmetioWBHRIis configuiel tof keal Sikedr&a@s 14.5 Meddegbr flaris
inverting the magnetization directions of the ferromagnetic |ayers (12 and

14) . F'a&ﬁ%e%t iobdnsam%rr@na@@ﬁ@ TaSfb R SRRt th 1BNYnefizdiBR dfBétbn\GR!ikEd 1]a96r01f4 iFigure
| a shown, the spin valve 10 has a hard-axis (short-axis)

an

eo0 o 0 e g he 408 TR A B B
casy- a)éhgntat?on though, in general, the orientation could be pinned in either direction. Thus, the
magnetization direction of fixed layer 14 remains relatively fixed when operational magnetic fields
are applied to spin valve 10. A second magnetic layer 12 is termed a free layer 12. In contrast with
the fixed layer 14, the magnetization direction of free layer 12 is free to switch between parallel and
antiparallel orientations, as indicated by the double-arrow symbol in free layer 12. By applying an
appropriate magnétic field to spin valve 10, the magnetization direction of free layer 12 can be
inverted while the magnetization direction of fixed layer 14 remains the same. However, a more
robust means is needed for inverting the magnetization directions of the ferromagnetic layers (12
and 14).

Figure 1b shows a three-dimensional view of the spin valve 10 of Figure 1a. As shown, the
spin valve 10 has a hard-axis (short-axis) and an easy-axis (long-axis). In general, the

magnetization directions of both the free layer 12 and the fixed layer 14 run substantially parallel to

the easy-axis.



WD 2005/ 071689 PCT/ US2005/ 000664 Figure 1 ¢ shows atop view of a prior art
magnetoresistive bit 20 that is substantially simlar to the spin val ves of
Figures la and Ib. The bit 20 has a first bit end 22 and a second bit end 24
i nt er connecvedoosy7iasy el ongat ed body 26. As shown, the bbbTR@Qﬁs&@% @and 24)
are tapered. A magnetization direction 28 of a magnetic layer of the bit 20

i's shown paFipiire Ng skewid 1dp vy oSEsitdrtihdgnetondistide B0 Bt &lshBdtarftiall R Bimilar
easy-axis of the bit 20. A hard-axi s i s shown perpendicular to the easy-

axis. ghhge Eﬁﬂ@@l%géﬁlhgﬁ}eg'm &fd '119”Tﬁ@bit%O'h'aéjh?@ét'bYteen‘afzzaaddocQé&@Ad Sit &2 f the
bit. Thus, the nagnetlization direction 28 pointing tomar the second

end24 t t
nagnet|za%|on %preg%f%%g%%dggg bek$%@§§%§g§bﬁ‘§msg?? §§§ axi s
toward_the .first.Dbit

d 22 d th dI
Bit engé®¥ E aé‘r?ﬁ d§ Ct%?P ?@ Otf &gzﬁgggh tﬁg‘%éf Efﬁ%‘it?;es Sl};\ &&1 Stﬁlcgg{n\{vg,rgqgéafe%onds&? te
sy St o R ohis 5 8 R Tt /88%%%%%@%,&;@%%{4@; : nd the

Research indicates that swtching (inversion) of a logical state of a
nmagnet &vesi B masgustization directipp 28t ispldicplayq 9f @r logisal siata ef dhe AitgnEhysz dhe on
directions at each end of the bit. Wth this flndlng in mnd, a

magnet magstisition diragivar28tposting dowast tlwcseodnddyteand?®4 ony &e éndicative dfalfirst togical

i nproved switching characteristics. According to one aspect of the

i nvent itate, GonnargelRtthe emighdtizatorbdiredtion 28 wouldelst invérted twwpsodmedongStht teadyi-axgs The
bit conprises a nonmagnetic |ayer sandw ched between two magnetic | ayers.

Each eanetk Girktdieend2B aad fthisStepRbdntiap @ RbshdSBeRACstk! BRI 280 28 1.angat ed
body connecting the two bit ends. The bit ends each have an expanded

magnet {,Ge ¥ PLISHE thePlassURROThi 8 phal FrahgbRe®Nthe bit 20 is symmetrical about both the

hard-axis and the easy-axis.



magneti zation for driving a swtching process. Simlarly, the el ongated body
is configured to support a body magnetization al ong an easy-axis of the bit
for storing a binary state of the bit. The expanded magnetic vol unme may be
achi eved bywotasoexsnpl e, a "C shape", "S-shape”, or "l pghaRS0s/08sds
configuration. Additionally, expanded nmagnetic volunme may be generated by a
tapered protrusion extending fromeach bit end along the hard-axis of the

bit. Expanded nagnetic voKUNMEMARY OF THERNVENDPION: shed by magnetically
hardening the bit ends. Anot her enbodi ment further conprises an expanded

f I each.bit .end. ' : h f. .
ventton, SESREOTBHCRE rwvr BameEFCSER AR AR e BAPR el i
t-in-pl . t i Sti bit. .Th t. hod j . | yi h
agnetFes PRTRROEH DR B RGREAL ot 748 of e Dl IV oG b

hard-axis of a first end of the bit, wherein the first end has_ an expanded
nagnetiadsomagretqresistiye gpraratinapd-methedobonesation grratrpyided with improyedamitchinggnet i ¢
field is applied along the hard-axis of a second end of the bit, wherein the
seconcthendtehsies. an expanded magnetic vol ume for supporting a hard-axis
magneti zation. Athird magnetic field is applied to a body of the bit,

wher ei n t heAdoordihg t6 onemspegisfable investiomp o nagastoresisyvesbii 5 podrgdeelt witlairhgroved | n
one enbodi nent, the first and second magnetic fields are applied for

ensur i agichinat THObH cbiBridels b sibnmAzWE: BOAHATHER FET 470051 HORAferandagecond

bit end have hard-axis magnetizations. The first and second magnetic fields

Y. BB s O RO b RS 10 o SR Rlkcd AU cEOUIGH A0 | e
thr oo BRINCHLCLLT SL0%AN e, 2 GhLoL STBVEORDS S For ERRNBHECHELELA cna

retaining a magnet i i on ion”a e easy-axl $.

magneti zatj.on diyecti.on is .indicative qf. the |ogical state of t bit. In
ot arfbimelAeh dbt Sviog meSy D FoReesa St oPEefBenSh Yoy it et lfeE Beo
compri s%lpgogrt 2 body magnetization along an easy-axis of the bit for storing a binary state of the bit. The

expanded magnetic volume may be achieved by, for example, a “C-shape”, “S-shape”, or “I-shape”
bit configuration. Additionally, expanded magnetic volume may be generated by a tapefed
protrusion extending from each bit end along the hard-axis of the bit. Expanded magnetic volume
may also be accomplished by magnetically hardening the bit ends. Another embodiment further
comprises an expanded surface area along each bit end.

According to another aspect of the invention, a method is provided for switching the logical
state of a current-in-plane magnetoresistive bit. The method comprises applying three magnetic
fields to the bit. A first magnetic field is applied along a hard-axis of a first end of the bit, wherein
the first end has an expanded magnetic volume for supporting a hard-axis magnetization. A second
magnetic field is applied along the hard-axis of a second end of the bit, wherein the second end has
an expanded magnetic volume for supporting a hard-axis magnetization. A third magnetic field is
applied to a body of the bit, wherein the body is configured to support an easy-axis magnetization.

In one embodiment, the first and second magnetic fields are applied for ensuring that both the first



magnetoresi stive bit; a word line; and a sense line. The bit further

conprises a first magnetic layer and a second nmagnetic |ayer that sandw ch
a nonnmagnetic |ayer. The nagnetic | ayers each have a pair of bit ends with
expanded neWyj0eenspatesd ity al ong a hard-axis of the bit, 34 83680d@yLr has a
center magnetization direction along an easy-axis of the bit. The word |ine

I S arr$aoeebnaesl eddgvBibhrd-£@ mapikivatitas.2 The Fisd aRBIABhE endzhedcdfidigs fhg Bt -
The sense line is electrically connected to the bit for delivering a read

curr enéxaﬁfﬁlelt, e atfitfed fbggyp % 4 m&gnﬂgu&éh%oﬁ&hctiﬁ% ?1&@ aﬂgn%?h Gied the B\iﬁ}d %{ggpm ly,

t he sense I ne ‘may a second magnetic fi to the bit. I ment

furthe rQVi C i | i ti Lrst
ragnet R et Roube B e (RARE I BhTRAN BES oG RnghIE bl ¢ e
second magnetic.layer.is free to rotate its direction in respon t
magnet’inég"%ﬁﬁl Itﬁeﬁd’af) frEg ?ob‘{cﬁe TR glzﬁu?nardfrﬁg}onag BEt R’ﬁr 8???"(%’2' aSﬁle Body
magnet oresi . stjve, devi ce, conpri sjng a nmagnetoresjstive bit having expanded
har d- SRpECHERISR dirseHopdhingise Yf"e"fjé{’]e]é?g’(?ﬁl te?%eglﬁds of the bit for supporting
initiation of a state switching process. 5 WO 2005/071689 PCT/ US2005/ 000664
BRI EF DESCHR Pt @netiner aspect DRADe Mosntiq, qumagnetqiesisiivg cgl He pravideddsomprisingd t he

| ayers of a prior art spin valve. Figure Ib is a three dinensional view of
a pri omagretorssptive b awordlingyamd 4 sensslice. t e bit favtherfcomppisésor firat magnetic layer
magnet oresi stive bit. Figure 2 is a sequential diagramof a nagnetic

SWi t Chindg feEakieBsgrietic faysBhiaedandwich wefonmeggitic €aydr.i Thambagkti¢il@wrsodacRave a
enbodi nent of a nmagnetoresistive bit with an expanded magnetic volune in

each bhdir &Mkt eddsOMitte efpahSemb@RtiYALENYy Alond NOhDEax 8 'BIIRE B NndQack? layer has a
magnetoresistive bit with an expanded
center magnetization direction along an easy-axis of the bit. The word line is arranged near the bit
for applying a first magnetic field to the bit. The sense line is electrically connected to the bit for
delivering a read current to the bit for determining a logical state of the bit. Additionally, the sense
line may apply a second magnetic field to the bit. An embodiment further provides that the center
magnetization direction of the first magnetic layer is fixed, and that the center magnetization
direction of the second magnetic layer is free to rotate its direction in response to a magnetic field
applied to the bit.
A further aspect provides a magnetoresistive device comprising a magnetoresistive bit

having expanded hard-axis magnetization volume at each of two ends of the bit for supporting

initiation of a state switching process.



magnetic volune in each bit end. Figure 5 is a top view of yet another
enbodi nent of a magnetoresistive bit with an expanded magnetic volune in
each bit end. Figure 6 is a three dinensional view of a nagnetoresistive
cell in accwoaseEispth an enbodinment. Figure 7 is a praeesodddaviesi agram
of a magnetic switching nethod. 6 WO 2005/071689 PCT/ US2005/ 000664

DETAI LED DESCRI PTION: 1. Magnetic Switching Process In a nagnetoresistive
bit with a pair of maUBRIEF DESEREPTION OFiTHE DRAWANGS:t he bit is

determ nable fromthe magnetization directions of the magnetic |ayers. The

| ogi cal sta . e I - at econd state by

swi t ching (E%u{gﬁéégglscr% a@ﬁ@ﬁ%@%{]@m‘l@%ﬁ%ﬁf%ﬁ%% |S%’gn\%(%‘?e'one of the magnetic
| ayers. Referri 1o Figure 2 series of frames. chronicle a finite

anal ysi s of ﬁlggreg%dﬁ8fm8g§1ﬁe?8ﬂ?§§le&roéﬁaé’§l r SN Yalfeti ¢ | ayer of a
magnetoresistive hit. In general, the series shows that the sw tching
process i nvbigyEscds EEﬁ?r‘ﬂ?"ﬁaf%Hn?rcﬁr%ffl?%‘ﬁtofﬁsny%%ér sal) of el enental

magneti zation directions within the magnetic |ayer. Looking first at Frame
(a), a magnBigree 2 isgspqueoalidiagsae aha Magnstc sVieyag prgcess dnemegndticheyer.aper ed bi t
ends (204 and 206). For convenience, the bit ends are |abeled a first bit
end 204 andFgures2domndtopi vieens &06mbahmenisef- axmagnétomsigtive by )with ah hexpamigdet i ¢
| ayer 202 is shown running parallel to the elongation of the nagnetic |ayer
202. Anhghéicasiune(iffeadi bitgds) is aligned in the plane of the magnetic |ayer
202 and runs perpendicular to the easy-axis. Wthin magnetic |ayer 202,

el emental  pRaRe) iszeasoipqne\d loF @4 th@nbdERneah 07 ndEnSBRLIstA BiOWthRAl dibhdia 2l ong
t he easy-axis toward the second _

magnetic volume in each bit end.

Figure 5 is a top view of yet another embodiment of a magnetoresistive bit with an
expanded magnetic volume in each bit end.

Figure 6 is a three dimensional view of a magnetoresistive cell in accordance with an .
embodiment.

Figure 7 is a process flow diagram of a magnetic switching method.



bit end 206. Magnetic exchange between the bit ends and the body of the bit
woul d tend to make the nmagnetization uniform and unidirectional.
(Magneti zati on exchange is the ferromagnetic exchange that tends to
magneti ze avoremsretised domai n of an ensenbl e of atons in acgiéaRsBhokQction.) A
summary arrow 208 shows a generalized nmagnetization direction of the
magnetic |ayer 202 pointing along the easy-axis toward the second bit end
206. The uni f orm nmagnet i zat g Q1N DESCRIPTIONaXI S as shown in Frane (a) is
indicative of a first logical state. Franes (b), (c), (d), and (e) represent
the magnetic |layer 202 in sequential scenes of a swtching process. Thus,

i n paral } ehrdonehd SircHitEPicbsst bit end 204 is the |eftnost end of the
magnetic 7 2005/ 071689 PCT/ US2005/ 000664 | ayer in each frame, and the
second bit_end 206, is.the rjghtnost. e of t.he magnetic layer i.n, each.

rane. surd Romeeeireiat dil Gt rinctt FREC Tey B toso b of ¢ Bins
directions, are shown pointing along tp easy-axis toward the first bit end
204, Begrpingtly fopnibs masaptizsion dEedrEHAe §e aghetGlaysisd Thedagesl skats Bigy be
direction pointing in the opposite direction of Frane (a) sunmmary arrow

208. TFhéchediffom mfinsiglats toaesetend Wito hy svichingyoy inyritingh theghagnatisatior diaentione) i s
indicative of a second |ogical state. Thus, the objective of a swi tching

pr oc e o$ onesoftthe magrtetib ldyhrs. Refirdad tosRigitre 20 setibeof finengesathrarddie o finltayatysRQZ from
the first logical state to the second | ogical state. Frames (b), (c), and
(d) giavBagdnetid Beitchdlmbiesdin & RerghoMctiayr O a PidpBeBesislive bit.ame gédeyal, thb eries

el emental nmagnetization directions as shown by small arrows in the nagnetic

layer (B6ws Bt [ROERitchiRl fRbEBsAGhR st D Robldafc FRAREAL [ JeaN8dl) oPREShdt41al | Y,
el emental nmagnetization directions at the bit ends have begun to rotate

clock@ﬁéﬁabg %n%ﬁ&mﬁ%ﬁﬁﬁ }ﬁﬁmﬁagn %er, el emental nagneti zation directions

in the ongat ed portion of t ic |ayer

Looking first at Frame (a), a magnetic layer 202 is shown as an elongated element with
tapered bit ends (204 and 206). For convenience, the bit ends are labeled a first bit end 204 and a
second bit end 206. An easy-axis (long-axis) of the magnetic layer 202 is shown running parallel to
the elongation of the magnetic layer 202. A hard-axis (short-axis) is aligned in the plane of the
magnetic layer 202 and runs perpendicular to the easy-axis. Within magnetic layer 202, elemental
magnetization directions are shown as small arrows pointing along the easy-axis toward the second
bit end 206. Magnetic exchange between the bit ends and the body of the bit would tend to make
the magnetization uniform and unidirectional. (Magnetization exchange is the ferromagnetic
exchange that tends to magnetize a magnetic domain of an ensemble of atoms in a given direction.)

A summary arrow 208 shows a generalized magnetization direction of the magnetic layer
202 pointing along the easy-axis toward the second bit end 206. The uniform magnetization along
the easy-axis as shown in Frame (a) is indicative of a first logical state.

Frames (b), (c), (d), and (e) represent the magnetic layer 202 in sequential scenes of a

switching process. Thus, in parallel fashion, the first bit end 204 is the leftmost end of the magnetic



continue to point toward the second bit end 206. Frane (b) summary arrows
(210, 212, and 214) mrror the elenental magnetization. In Frame (b), it
can be seen that the switching process is initiated in the bit ends (204
and 206). IwoEBwsnmecfc), the el enental magnetization dirgetrhRR% further
rotation. Frame (c) summary arrows (216-224) mrror the rotatf@@%cl)yf t he
el emental BanelheablPhe dbdona it 20Biid thE MihtmTERI ¥r BE MRt 18)
i ndi cat%kfurt er rot atﬂl?lgn 8?1 g}lement aI1 mag%eti zat | o% tlglére t?oné%{?ﬂg? e bit
ends (£04 and 206). A center of the elongated portion of the magnetic |ayer
has begun'to rotate clockwi se as shown by center summary arrow 220. Edge

sunmary arr.ows. (222_and 4 h little rotation.and indi cate that

el enent al %‘Bﬂlgfgi tfg]friaglﬁ %’ré’ftﬁ%aﬁ\gﬁaé?eo R, sm%neflﬁaglone&ﬁﬁqggqsearepg’r"twinon
continue to substantial, point toward th cond bjt end 206. 8 WO

2005/ FPRSBE et IRETEK00REH hebpt gﬁﬁn‘? a§ g afneedqhswragr% #¥nhops 26 and
228) indicate continued rotation of elenmental magnetization directions in
t he bigenerpliged megnetizadorpdigctior painiagindhe eproshedistcting af Brpme 8} sungpaty gReWnues
to rotate as shown by summary arrow 230. Edge summary arrows (232 and 234)
i ndi ca08. t Haet uréfoomemagrictizaign etlonzathe masydivis e soven &l Eregnet (0 i dyksatinasf kegun
to rotate in earnest. Finally, Frame (e) shows a conpleted rotation and

r ef or rea¢dndriogital staes. Urhiuk,aherobjyctdle ofel seiehihgprocegrietd swtchdhe thigicaLétatods thecr 0SS
the magnetic layer. Figure 2 in general shows how swtching of the

nagnetzaakiiAfof 1ay8C1020bre thet M6t I0BARHE ol tAY ficohd10gibat dtate € Brdnibs (BIE (d)] dngends,
continues through the center of the |ayer, and conpletes with revérsal of

t he eggféve%ﬁhw&&aimtmgcﬁ}&gg% s.,one skilled in the art, the first and
gl ca e ar

secon states may itrarily selected. Thus switching the

1o Crarily | hi ng
mvolves a Tyt bt RPEARE e Ao Mol o S B9t R iR

tot hemagnetic layer are no longer uniform across the entire magnetic layer. Specifically, elemental

magnetization directions at the bit ends have begun to rotate clockwise toward the hard-axis.
However, elemental magnetization directions in the elongated portion of the magnetic layer
continue to point toward the second bit end 206. Frame (b) summary arrows (210, 212, and 214)
mirror the elemental magnetizétion. In Frame (b), it can be seen that the switching process is
initiated in the bit ends (204 and 206).

In Frame (c), the elemental magnetization directions show further rotation. Frame (c)
summary arrows (216-224) mirror the rotation of the elemental magnetization directions. Bit end
summary arrows (216 and 218) indicate further rotation of elemental magnetization directions at
the bit ends (204 and 206). A center of the elongated portion of the magnetic layer has begun to
rotate clockwise as shown by center summary arrow 220. Edge summary arrows (222 and 224)
show little rotation and indicate that elemental magnetization directions along edges of the

elongated portion continue to substantial point toward the second bit end 206.



second |l ogical state. Figure 2 is intended to serve as an exanple of a

swi tching process and should not be seen as limting. 2. Magnetoresistive
Bit Architecture In a preferred enbodi nent, a nagnetoresistive bit is

confi gur ed ve@ 2@s5011689 ayer el ement with a nonnmagnetic '?&?ﬁm&ﬁﬂ&ﬁaﬂs copper)
sandwi ched between two nagnetic | ayers. Each magnetic |ayer 1s arranged

with an el gngated pody Lol ggrgﬂ%aﬁm @2 1281228} indifle Wfithedhhia bl _end.

Each bit h expan netic vo supporting a magnetization

al ong hard-axis.of the hbit, . r.ein, t h ~axXl s, magnetizati on at .the
b1+ eRueRe! gpdictrgt Hieadbt im RG s G54 4 CHPhg Tof RARL b R Ao

el ongated body is configured to support a i zation al on e easy-axis
of t h8OHIOR CORtues fogPfatey aSE‘PHB;i ¥ armgeht BrBY Wgﬁ{ﬁetmﬁ@%ﬁ‘? (2%*2 aﬁ@;@ﬁe 3, a
top view of an enbodi nent of a_magnetoresjstive bit 300 is showmn. A first
bit errfigtothatrienenial smpgnetizationdigpchons along theedges Bashsaunte 1{ptein camesigat ed body
306. The magnetoresistive bit 300 is shown with a "C shape" asymetry al ong
an easy- axFmallfshEragisafed shews @ WompEy/ ©1aes arRCRiwusr0s/ ot aunifotaly gfed t o
i ncrease- a hard-axis magnetic volune at each bit end (302 and 304). Summary
ar r onglemeB8 magilizatord dBdR@pnanerosnthecasgnetic ddyee| dhigmé 2 inmpanesH ishaws how
directions in the bit 300 and correlate roughly to Frame (d) of Figure 2.

I n ongwRehedbNMBe naghdiatadirkdaeh bethe nsheicTasn & inftiavedl it ke Bit &x@ScdnBhuedn
improved transition fromFrane (a) to Frane (b) and from Frane (b) to Frane

(C) . lftoReH hOL&R of FRARRE U8 SbRbickS whihirevdiBUBLhE @k on of the el ongated body
312 is along the easy-axis and creates a demagnetizing field on the bit

ends. 1n anQLiAfeaHiOR IR By ondRHRASH HiU st ARODSEF106REH HFies Rlay RS DI !

ends is configured to overcone t magneéti zi ng

arbitrarily selected. Thus switching the magnetic layer from the second logical state to the first
logical state involves a mirror-image procedure as switching from the first logical state to the
second logical state. Figure 2 is intended to serve as an example of a switching process and should

not be seen as limiting.

2. Magnetoresistive Bit Architecture

In a preferred embodiment, a magnetoresistive bit is configured as a tri-layer element with a
nonmagnetic layer (such as copper) sandwiched between two magnetic layers. Each magnetic layer
is arranged with an elongated body interconnecting a first bit end and a second bit end. Each bit
end has an expanded magnetic volume for supporting a magnetization along a hard-axis of the bit,
wherein the hard-axis magnetization at the bit ends is useful for improving magnetic switching of
the bit. The elongated body is configured to support a magnetization along the easy-axis of the bit
for storing a logical state of the bit.

Referring to Figure 3, a top view of an embodiment of a magnetoresistive bit 300 is shown.
A first bit end 302 and a second bit end 304 are interconnected by an elongated body 306. The

magnetoresistive bit 300 is shown with a “C-shape” asymmetry along an easy-axis. The shape is



Each bit end (302 and 304) additionally shows a tapered protrusion extending
along the hard-axis. This protrusion is useful in increasing the bit end
magneti c volune and nay be used in other bit shapes than the "C- shape."
Referring twoRlgurmsst, a top view of a symmetrical magngicqhRShshhoeg bit 400
is showmn in accordance with an enbodi nent. Bit ends 402 and 404 each have

an exPREEREH [BAGeIse G MR]-ME ic VORI e&ahdsit (30D i SN SabthrP Yrr Sy L Oy
406. Because of thseir sha’pefnatgrﬂcbit endse 402 arﬁ( 404 a?te) terme t%aﬁg in

an |- GHRRSY, £AVILONE dORve bTHEnARANR:AbLon BirleRO-ROEH 3b6 Yod EREIR ©S

an |-bearh’) Bit "ends 402 and 404 have an expan end surtace area. a

furthe Lnent . the surface area of the bit ends may be maxim zed
rel at ir:%g%fqg%g}brgﬁft@ Oélﬁv%ﬁre 2

n Uffe: This maxi m zation ensures the greatest

di stributiqn of eti urface. charge induced by the netization

relative ﬁB q“ﬁe%ﬁ@?‘ﬁtt o?’i?ﬁ%qe%l ﬁa“g'ﬁﬁls e‘ﬁ’t‘%lﬁfl?ré%lufnet ﬁgg InHemrryFtkt i
vol unme of the bit_ends 402 _and 404 is acconplished by an expanded surface
area dra@sigongompfrment) ReFems ) & Hogufeme () doFremevichi i a" ypicahpe”

magnet oresi stive bit 500 is shown in accordance with an enbodi nent. Each
bit erdagns@resistitie Bidamagnatization of fherrlensgated dody L2 isollengethe ghyraxisandarebtend s of
the bit 500. An el ongated body 506 interconnects the bit ends 502 and 504.
10 WO &atshaizita8B:]lPa (HeSR0hs. 0h066theT binbodimbuidexpanded imrdxesplagnaticofblumd S
with asymmetries along both the hard-axis and an easy-axis of the bit. The

var i oust thd bit amamnﬁﬁﬁeaid@@kdom&h@@émaaiﬂ@gﬁm shoul d be seen as
an

instructive rather t limting. It will be apparent to those skilled in

the art thatacRaeH dddoBed ahi 305 aRBFonalP showy IiRJefddCRtbirudai eﬂéﬂdiﬁ%arohg e are

avai |l abl e for expandi ng hard-axi s nagnetic volune at the bit ends.

:‘ggi tignably, T}{i@g)%@d'ljsﬂﬂsis LRAINE 1RPARGE 1R N BhEz RS QoA dn@ a5 beRREd in
npl e, angl es curvature
other bit shapes than the “C-shape.”

Referring to Figure 4, a top view of a symmetrical magnetoresistive bit 400 is shown in
accordance with an embodiment. Bit ends 402 and 404 each have an expanded magnetic volume
and the two ends are interconnected by a body 406. Because of their shape, the bit ends 402 and
404 are termed to be in an “I-shape” configuration. (The shape of the bit 400 generally resembles
an I-beam.) Bit ends 402 and 404 have an expanded end surface area. In a further embodiment, the
surface area of the bit ends may be maximized relative to a bit end volume. This maximization
ensures the greatest distribution of magnetic surface charge induced by the magnetization relative
to the magnetic volume. In one embodiment, the expanded magnetic volume of the bit ends 402
and 404 is accomplished by an expanded surface area along each bit end.

Referring to Figure 5, a top view of an “S-shape” magnetoresistive bit 500 is shown in

accordance with an embodiment. Each bit end (502 and 504) has an expanded magnetic volume

along a hard-axis of the bit 500. An elongated body 506 interconnects the bit ends 502 and 504.
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may be altered as can the degree of asymmetry according to specific design
goal s and constraints. Qher arrangenents that increase bit end nmagnetic
volune in the direction of the hard-axis nmay be wused. In a further

enbodi nent \WoR@shitssends are nmagnetical ly hardened or depegish@sofgaand ng
the magnetization volunme of the bit ends. Afew to a few hundreds of

nonol aykk smBBdmRet 1§ WREBsTaryt 6f bitd afitheReRmegies hlbngbof A RhidEAis and dnhdaGKREsS Of
bet ween approximately 0.5 nanoneters to 500 nanoneters are subject to

har denjfge biore typically, a hardening thickness at the bit ends of between
approxinately 50 nanoneters to 100 nanoneters is hardened. In an exenplary
enbodi nent , gﬁg@ I

despite t he ex pan ?%ﬂa?%té )%{Sig gémgecﬁggd f\.;éor 15@1;0191}%82%3&38 uzshnﬂgﬁve%ﬁglrﬁmﬁr anes
of Fig ral | Nt ends t he har axi s
ai r ec | Bfings 1R pERionflogABRGHAT MahPat {51 me%lbbééghagﬁs o BB ant
in either of the i cal tes sho anes .. 3

NBgnet ?ﬂdeé?W?}Ec"ée% e £ Pbtig harb 26T Hc S bt éhevibétwems an
exenpl ary current-in-plane (ClP) nagnetore5|st|ve (MR) device. In this
enbodi #é% ionadly ) pariatiangsior the gbapes shomangie also gvailable Kosexampleptnglasaficugyatre
nonmagneti c | ayer sandw ched between two ferromagnetic |ayers. The MR

el emenmapnhe alierbdagicanxthe degrehof asymzielry agendding te spogifixdesigh Igoaly and constraits. can
be seen, the MR el ement 602 has expanded bit ends and an el ongated body. A
wor d | Otter &ifhgements thean fyeckasehit eddmagvitie veluaetin G¥2dirediors bidthe hardhexis hidy WD
2005/ 071689 PCT/ US2005/ 000664 word line 604 runs parallel to the hard-axis.
An i nsgdeat or (not shown) separates the word line 604 fromthe MR el enent
602. A bit line 610 is arranged the near the MR el enent 602. The bit |ine
610 is ins Uﬂnaatﬁﬁhérr&mohﬂﬁ‘en%@ﬂ)@%@tareeigggneﬁ&lﬁlhﬁi’&ne& &eaoBkd fdricRpanBhg theins

al ong the easy-axis and
magnetization volume of the bit ends. A few to a few hundreds of monolayers may be subject to

hardenening. In an embodiment, a thickness of between approximately 0.5 nanometers to 500
nanometers are subject to hardening. More typically, a hardening thickness at the bit ends of
between approximately 50 nanometers to 100 nanometers is hardened.

In an exemplary embodiment, the magnetization direction of the bit en(is is not stable
despite the expanded hard-axis magnetic volume. Thus, as shown in the Frames of Figure 2, the
parallel magnetization of the of bit ends in the hard-axis direction is only present during the

switching process and is not apparent in either of the logical states shown by Frames (a) and (e).

3. Magnetoresistive Cell Architecture
Figure 6 shows an isometric view of an exemplary current-in-plane (CIP) magnetoresistive
(MR) device. In this embodiment, a MR element 602 is shown as a tri-layer element having a
nonmagnetic layer sandwiched between two ferromagnetic layers. The MR element has a hard-axis
(short-axis) and an easy-axis (long-axis). As can be seen, the MR element 602 has expanded bit

ends and an elongated body. A word line 604 is arranged near the MR element 602. As shown, the
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is perpendicular to the word line 604. A first sense |line 612 and a second
sense line 614 abut the MR elenent 602. Generally, the two sense |lines 612
and 614 are electrically connected to opposite edges of the nonmagnetic
l'ayer of th&ONRserseent 602. The two sense lines 612 antp@Gldk6BMoks0 be
referred to as a single sense line. Arrangenent of the word line 604 and bit

l'ine 6d6rdatR 694Gtind fradlleR tCHE hardtaxpasAh (iGulatdr Qutg Bhovei)tsapdrate® thebadri lin¥ich4
create a magnetic field acting on the MR el enment 602. A nagnetic field

cr eat efloR¥hAMIUEERBAt G025 SA B 1B 1600 §arfanlbd rehRer e WRRIRRIMAt H0F. €Chd O line
perpendicular to the flow of the current according to the "right han 3 rul e”

of el egRt A1 RIS e L@ﬁ%ﬂeﬁleﬁp@& YAs dhol! chg Blt 1 lg@g?@ Hr% aldnl %éje @ ggéleat ed

by a current paSS|ng t hrou sense |1 nes b1

d f
e a0 LA R e Rt e za e
d t hr t
agnet PRCRPBEE QP0G b, R o JRFE 5P ¢ Hebkyd et eewmca@%%g%eﬁ oFpoppont
enbodi nent, the two nagnetic flelds additively conbine to forma conposite
magnet fdges pithe n?%%gna@ﬁ layenpfithiMRrel gneamohe. Ebeztwommeﬂglea Ot preO apaetee, a

conposite magnetic field is created to invert the nagnetization direction
of at bewfrredhead mgiegle ednse hee. MR el ement 602. Al ternatively, the magnetic
field applied along the hard-axis acts on the bit ends to drive a nagnetic
swi t chi ng pAnaegmentaofdhe erdiyn€id adfbielick 6dpdre euchathatng curheait passingabrosgtact s
to conplete the magnetic swtching process. In an enbodi ment, the

confi geithet (@bdth) WAIE cremteth hiagieetio GFel@actidy én tHeNWRE8miesit 6ESI anﬁldglfe‘ﬁﬁ Hield hat a
current through a single line will not switch the magneti zation direction of

ey g'ffezgg%%mf et BhSfER Mroughll fnd VRl o M enBHWRiRCon DbLRRR | ino R Be 0664
current according to the “right hand rule” of elementary physics. Additionally, a further magnetic
field may be created by a current passing through sense lines 612 and 614.

The word line 604 is arranged so that a current passing through it will create a first magnetic
field along the easy-axis of the MR element 602. Likewise, the bit line 610 is arranged so that a
current passing through it will create a second magnetic field along the hard-axis of the MR
element 602. In one embodiment, the two magnetic fields additively combine to form a composite
magnetic field that acts on the MR element 602. During a write sequence, a composite magnetic
field is created to invert the magnetization direction of at least one layer of the MR element 602.
Alternatively, the magnetic field applied along the hard-axis acts on the bit ends to drive a magnetic
switching process, and the magnetic field applied along the easy-axis acts to complete the magnetic
switching process.

In an embodiment, the configuration of the word line 604 and bit line 610 is designed such

that a current through a single line will not switch the magnetization direction of a layer of the MR

element. This may be termed a “half-select” system, whereby each line “half-selects” the MR
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el ement 602 for witing. Wen both "wite" lines 604 and 610 are providing a
current then the two "half-selects" additively conbine to fully select the
MR el ement. When the MR elenent is thus selected, the nagnetization
direction o¥oobemesy of the MR el enent is switched. In acpiu€iREsReks

enbodi nent, the word line 604 and bit |line 610 are planar conducting |ines

that haygerd 661RS b fiinb 2 W NenHoBatite Mifkshs0l Rad 6 N e htovidig 2 Widtf $h& tht R, Wor d

line 604 and bit line 610 are nerely shown as exanples, various w dths of

each lip0f cLi3ctPOSRIR}e e@:%gbig??o mlrgtéeﬁasmew ép&neé@dm%etpe M.@Qfe%eﬂgistt?ﬂ%e:/:?gn

paranmeters such as t enment used and board size. In Figure

el el R SHPHIRASLI R 4100ARGH b @ LS N ifie 604 and bit i ne

I'S posi ning I's not requi n anot her e rent, for exanple,

the MR device is. rotated b 0 degr.ee 0 i.eve better switchin

per f or mance® almefﬁlgﬁ(gFla ?‘gf“ﬁ%" ‘ﬁ‘ggilglg%%fnggﬁ 1@8@39’5‘? Blgnag;co ﬂV%F‘%thgﬁ on
to, for exanple, alter read qr ite characteristics. The MR device IS
confi gfmté)avgﬁ&lrbstaﬂ%llyoas?thléﬂlrtﬁ%ah%%ﬁug g widths of dhrgword, [me St apd b lipg6lhssed
fromthe fromthe first sense line 612 to the second sense |line 614 through
t he MRremsrdnsheppas expmwlese Mareous yyiddaof epa) linesis possible and thaawirths should ke t hat
is indicative of the resistance across the MR elenment 602. Because the
sense aijustedratcdriiopso designtpargoictareswh as the NIR plenentiiset hed Mbarébieerent 602, the
device is known as a current-in-plane (CIP) device. In another enbodi nent,

the bi as cuhFghire 6, th® MR/ cRpiehi i Ghéelii pokitiched AR HAMUERCEHe WoRd lilab04 &@SH t he
wite driver will not apply a current to the word line 604 at the sane tine

that tie dloasThisHdsiBhinks ﬁ&%%ﬁl@a 3n SHUtRE Rinbb&intdhe YOS Embld) theBAR- dedice et hod
of Switching a Logical State | ogi cal state of a mmgnetoresistive bit is

et 1 Bl Iy B AR Lok LR GERL AR o ERPELCheK A Al
megnet | £at i 0. AL EGLE A Ohor biGfTBARE! e bAWRe ChdraciEh QUL © 2 Shovs an exanpl e
The MR device is configured such that during a read sequence, a sense current (is) is passed
from the from the first sense line 612 to the second sense line 614 through the MR element 602.
The sense current (is) is used to obtain a metric that is indicative of the resistance across the MR
element 602. Because the sense current flows in the plane of the layers of the MR element 602, the
device is known as a current-in-plane (CIP) device.
In another embodiment, the bias current is only applied during a read sequence. In that

case, the write driver will not apply a current to the word line 604 at the same time that the bias

driver is applying a current to the word line 604.

4. Method of Switching a Logical State
A logical state of a magnetoresistive bit is determinable from the magnetization direction of
magnetic layers of the bit. Thus, the state of the bit may be switched by switching the
magnetization direction of the magnetic layer(s). Figure 2 shows an example of rotation of the

magnetization direction of the bit ends leading rotation a magnetization direction of a body of the
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magneti zation direction of the bit ends |eading rotation a nagnetization
direction of a body of the 13 WD 2005/071689 PCT/ US2005/ 000664 bit. Wth

t he sequence of Figure 2 in mnd, Figure 7 shows an inproved nethod of
swi t chi ng twe200mameet i zati on direction of a nmagnetoresi $kirNR2dekboosckne net hod
conprises: at step 702, applying a first magnetic field to a first bit end
al ong o . . L _ )

magnet I|§hc h%ﬁ&%kﬁg%ﬂgg?ef %i%%@ ?na%%lf(f’/ ?ﬁ%&%’/ glgg% nd g%‘ge;&ﬁ@&?ﬁ?%%gcﬂg%z&é% ond
bit e I .tk r ' LRt it xpanded

nar d- Areiafion el & MG RAEE b TaRARLCdlasBOS NOF 108 SHRAREET, o1 ¢
to the.body of. t it rei,n.the body .is configured.to upport a

easy- a%s%mﬁgtfﬂgtjﬁgda{%l %FFSWP’ eBﬂgloé‘ﬁ‘t?o%r%ﬁF’,w ?{%mftﬁer éfsg Hﬁgeﬁglﬁﬁag ie@i’acﬁlgﬁ%t s to
rotate the magnetjzation directjion of the first 9%%3§nd SO as_to ensure
that thEd-pHs STSRFtC VORENG 45Step Ay ABRLYIRE AiSBI0d MAsReHOHelf b 4i5eeRPE bt PR algRE e,

t he second magnetic field acts to rotate the magnetization direction of the
secondthpibgrdegxés, shergin the secopd bitend hag an W@agcteédﬁaig-@m maggetisaolumeraghet stemat i on
al ong the hard-axis. As an exanple, this is shown by the bit end sumary

ar r ows7Qst applimgsa thixd-hagnetié fEidytor theshody rofthe blie whenshnothentmdly, is tchefigured &t and
second magnetic fields are applied by passing a current through a conducting
| i ne asuppiryetleasp@ris nidgretiation. For exanpl e, in an enbodi ment of Figure 6, the
bit line 610 may carry a current for generating the first and second

nmagneti c fimlgls embedintcs, B fr6t Madnéfit 61 28110 eitse Mle BigdeNation @Rt RIbF thdre bi t
ends are configured such that uring a resting state (no applied nagnetic

fi el d) fiust Peill do £7618nRA AR ERAER b EhasTAAELZRbL ARG 1R ALt RCLIRRHALEAXI S

relative to one another. During swtching, hagnetic acting upon’ the

bi f | ' ' f L ' he har d- axi
| SRSl 8L JRINEU AR e Lo RIS ShRY oS, ekl axi s

as shown'in axi's appli ed,
the bi éﬂsgr%qhgtttﬁg Eé\gcogg biehd aarsqal rlnglgﬂetigé%io%ha?gngatﬂe hard-axis. As an example, this is

shown by the bit end summary arrows of Frames (b)-(d) of Figure 2. In another embodiment, the
first and second magnetic fields are applied by passing a current through a conducting line arranged
near the bit. For example, in an embodiment of Figure 6, the bit line 610 may carry a current for
generating the first and second magnetic fields.

According to a further embodiment of the invention, the bit ends are configured such that
during a resting state (no applied magnetic field), the bit ends have antiparallel magnetizations
along the hard-axis relative to one another. During switching, magnetic fields acting upon the bit
ends force a parallel magnetization of the bit ends along the hard-axis as shown in Figure 3, for
example. Thus, when a hard-axis field is applied, the bit-end states become parallel, so that an
easy-axis field can now switch the magnetization direction of the bit. When the hard-axis field is
removed, the bit ends become anti-parallel again. Thus, in this embodiment, bit end magnetization

is volatile.
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easy-axis field can now switch the nmagneti zation direction of the bit. Wen
the hard-axis field is renobved, the bit ends becone anti-parallel again.
Thus, in this enbodinment, bit end nmagnetization is volatile. 14 WO

2005/ 07168W@ENAWE2H05/ 000664 5. Concl usi on A variety @t ﬁﬁ?ﬁgbﬁﬁ ts have
been descri bed above. More generally, those skilled in the art w

under star}d émg ‘J;langes and nodifications may be nade to these enbodi nents
wi t hout “departi ng fromthe true scope and spirit of the present invention,
which is defined by the clains. us, references to, exanpl e, specific
t hi cknesses’ VABEE of gmeodingpts ﬁaﬁrbqsatdwﬁb?ée%h%as Mare g%ﬂ{y, thyse giglled in the
illustrative rather than limting. Device design, processing, and test

condi t#romall anderstadethat chmgereand moriSieations meayi brymefia fa tess embpdiments dvithost

t herefore should be considered. 15 CLAIMS: | claim 1. A magnetoresistive
(MR)  bddpagingyirans thegrueascopmansiyspatit of the pmesers amaniiarh exhitie tswedined by theagjaietsi ¢

| ayers, each nmagnetic |layer conprising o a first bit end having an expanded
magnet Titusyefamiieesito) foseapdled, spegifia thitknesses, emtbriaBoandt fabrithati @imathodhrémbait ¢ axi s
of the MR bit, o a second bit end having an expanded magnetic vol une for

SUPPOT §d MigheRarVECAMG: ARd HBERE! D@%b@@eﬁ%@nﬂo&&ﬁngaﬁﬁd Qé’s't%on@i'ﬂGnso afMaffect
el ongated body interconnecting the first and second bit ends for

magnetization switching characteristics and are therefore should be considered.

15



supporting a body magnetization along an easy-axis of the MR bit. 2. The MR
bit of claim1, wherein the first and second bit ends each have an

asynmetry along the easy-axis. 3. The MR bit of claim2, wherein the
asymmetry is a "C-shape” asymetry. 4. The MR bit of claim2, wherein the
asymmetry is a "S-shape" asymmetry.CLAIMBhe MR bit of claim11l, wherein the
first and second bit ends are arranged in an "I-shape" configuration. 6.
The MR bi%2B¥ claim 1, wherein the expanded magnetic vol ume of the first
and second bit ends is generated by a tapered protrusion extending from each
bit end along the = AX]| B . ..t: of claim1l1, wherein the expanded
magneti c vol ufrgfe OfAggarcgﬂet%féts%ng%Q\d?i@%g%%nggépgd to overcone a demagneti zi ng
field induced by thechadyndtRgneicr Zahiwithed Hetidtd Mo binhg@dticCldiers, leackher ei n
t he expanded magnetic volunes of the first and second bit ends are

acconpl i shed BYEIEHC LYSEARIBANYNE f ace area al ong each bit end. 16 9. The MR
bit of claim1l, wherei i j i |y

har dened for expanodi ngr]afﬁ%?ﬁfégeﬁ(z%l?‘gg Pﬁﬁﬁ\%{ %%B%Iﬁé?@ﬁ/gﬁ%% fdérr%g@%gug%% t he
hard-axis. 10. ThefivReddl hagfetiedtiinraléhg aled-ekis of lie: MiRgsigt i cal | y har dened bi t
ends have a thickness of |ess than 500 nanoneters, 11. The MR bit of claim
9, wherein the magheti chliegohitiefad Bryingriis gyadded magpetie@dumg tiern t he

range of 50 to 1oosuBB&QigEta%E§0nd end magnetization along the hard-axis, and

o an elongated body interconnecting the first and second bit ends for

supporting a body magnetization along an easy-axis of the MR bit.

2. The MR bit of claim 1, wherein the first and second bit ends each have an

asymmetry along the easy-axis.

3. The MR bit of claim 2, wherein the asymmetry is a "C-shape" asymmetry.
4, The MR bit of claim 2, wherein the asymmetry is a "S-shape" asymmetry.
5. The MR bit of claim 1, wherein the first and second bit ends are arranged

in an "[-shape" configuration.

6. The MR bit of claim 1, wherein the expanded magnetic volume of the
first and second bit ends is generated by a tapered protrusion extending from each bit

end along the hard-axis.

7. The MR bit of claim 1, wherein the expanded magnetic volume of each bit

end is configured to overcome a demagnetizing field induced by the body magnetization.
8. The MR bit of claim 1, wherein the expanded magnetic volumes of the

first and second bit ends are accomplished by an expanded surface area along each bit

end.
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12. A method for switching a current-in-plane nmagnetoresistive nenory bit
conprising: applying a first magnetic field to a first end of the bit al ong
a hard-axis of the bit, wherein the first end has an expanded magnetic

vol une for supporting a hard-axis nmagnetization; applying a second nagnetic
field to a second end of the bit along the hard- axis of the bit, wherein
the second end has_an expanded magneti ¢ volune for supporting the hard-axis

magneti zati o¥ andMepMEi b of ebimal.nubsein dhe ifapy apd secpediybibfendharg; ¢ |

wherein i i : - axd i ipn. 13.
The netHg%§§$8%¥%#%$?%?qé%%ﬁ%?%ngggfgggga%ﬁ%ﬂ%?@é e%ﬁg%%??%%?%gﬁgkéﬁgures
that a raghetiszation of the first end is along the hard-axis, and wherein
applying the second magnetic field ensures that a nagnetization of the
second end is along the hard-axis. 14. The method of claim 12, further
conprising: r Vi il ; | [ ets [ gnetic
Frord - ramving th Fh P e e R e T
magnet i dhickedsd of lees gliamiSAQ nandmedgrsmagnet i zati on  direction al ong the
easy-axis. 17 15. The nethod of claim 12, wherein applying both the first
and second nmagnetic fields conprises passing a current through a conducting

l'ine arranged nearrieR Bt bf claim 9, wherein the magnetically hardened bit ends have a

thickness within the range of 50 to 100 nanometers.

12. A method for switching a current-in-plane magnetoresistive memory bit
comprising:
. applying a first magnetic field to a first end of the bit along a hard-axis of

the bit, wherein the first end has an expanded magnetic volume for supporting a
hard-axis magnetization;

. applying a second magnetic field to a second end of the bit along the hard-
axis of the bit, wherein the second end has an expanded magnetic volume for
supporting the hard-axis magnetization; and

. applying a third magnetic field to a body of the bit, wherein the body is

configured to support an easy-axis magnetization.
13.  The method of claim 12, wherein applying the first magnetic field ensures
that a magnetization of the first end is along the hard-axis, and wherein applying the

second magnetic field ensures that a magnetization of the second end is along the hard-axis.

14. The method of claim 12, further comprising:

. removing the first magnetic field;

. removing the second magnetic field,

. removing the third magnetic field; and

. after removing the third magnetic field, retaining a body magnetization

direction along the easy-axis.
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16. The method of claim 12, wherein the easy-axis is perpendicular to the
hard-axis. 17. A magnetoresistive cell conprising: a nagnetoresistive bit
conprising a first magnetic layer and a second magnetic |ayer, wherein the
magnetic | ayers sandwi ch a nonmagnetic |ayer, and wherein the magnetic

| ayers each hldve dllpaimetlod bf tlaendiE, widreiaxqppiydeg Yo dhe ditstsand second

magneti zabili.ty, . and wherein the nmagnetic |ayers each_ have a cente

magnet i ZAt4GHC Jield dompriSey gnas %!5%92 %W%L&r cqucif lincyargsiead PERfEnE or
appl yi ngyja first magnetic field to the bit; and a sense line for
delivering a read current to the bit. 18. The nmagnetoresistive cell of claim
17, wherein the center magnetization direction of the first magnetic |ayer
is fixed, and whergin the .center gnhetization direction of the second
magnetic | ayet®is ee@ep’t?diﬁ‘él?lfni sWE‘F’FEI:%}}eo??s?"ﬁx}se’§p%eﬁgeél%f%ﬁaé torfﬁ‘@neti c
field appkdedsto the bit. 19. The magnetoresistive cell of claim 17, wherein
the bit is a spin-valve. 20. The magnetoresistive cell of claim17, wherein
the bit is a pseudo-spin- valve. 21. The nagnetoresistive cell of claim17,
wherein thelq% is,a nagpg;{g tqu&llg;qpction. 22. A magnetoresistive

devi ce conprisrng‘%nﬁﬁangfgf $r & A |%§%aving expanded hard-axis

magneti zation vol ure ata eaphedfesisiVe elidsobritilg Difirstt @laghetRP Oyt RAd a

initiation of a state switching process. 1 ) ]
second magnetic layer, wherein the magnetic layers sandwich a nonmagnetic layer,

and wherein the magnetic layers each have a pair of bit ends with expanded hard-
axis magnetizability, and wherein the magnetic layers each have a center

magnetization direction along an easy-axis of the bit;

. a word line for applying a first magnetic field to the bit; and
. a sense line for delivering a read current to the bit.
18.  The magnetoresistive cell of claim 17, wherein the center magnetization

direction of the first magnetic layer is fixed, and wherein the center magnetization
direction of the second magnetic layer is free to invert its direction in response to a

magnetic field applied to the bit.

19.  The magnetoresistive cell of claim 17, wherein the bit is a spin-valve.

20.  The magnetoresistive cell of claim 17, wherein the bit is a pseudo-spin-
valve.

21.  The magnetoresistive cell of claim 17, wherein the bit is a magnetic tunnel
junction.

22. A magnetoresistive device comprising a magnetoresistive bit having

expanded hard-axis magnetization volume at each of two ends of the bit for supporting

initiation of a state switching process.
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