MAGNETORESI STl VE DEVI CE Cross-Reference To Rel ated Application

5[ 0001] This application clains the benefit of priority of US
provi si onal application No. 61/492,606, filed 2 June 2011, the
content of it being hereby incorporated by reference inits entirety
for all purposes. Technical Field 10 [0002] Various enbodi nents
relate to a magnetoresistive device. Background 15 [0003] Spin

transfer torque magnetic r aMA@NEDORESISTEVBMEYISEN- MRAM) wit h
per pendi cul ar ani sotropy (p-STT-MRAM has better scalability than
i n-pl ane STTMRAM However, the coupling field between a free |ayer

and a reference |ayer i ncpgg'lké}@gmé @?ﬁglg{iwggg %g#g nt O several
hundred Cersteds, Ce) tha free layer is

bi ased to a dlrectlon whi ch prefers being in parallel to that of the
20 ref r Chl hre for current
field)is ﬁﬁdhﬁgs oplktEH ¢ a“le’% oe%er{q?c’pfta A %&Ofdﬂ DOV ORI pptiChtion

( P- >AP) aIﬁﬁl d182§606, &itddi pakat IZEJIII ( Afe) cdrenp asfait | ‘(ﬁimg Rirebihciipdigted by
(AP-0). If _the cou I|n fle d is too strong, the mnor hysteresis

| oop of tIRETOcEE FSEAFCT EBIletBIoySf al s in the positive (or negative)
field region and Ioses |ts storage function at zero field. 25[0004]
On top of that, the spin current anplitude involved in P?AP swtching
is intrinsically asymretrical duelechnichbFieldoul ati on difference of

maj orjty spin and mnority spin. Such asymretrical witing current
brings difficulty for MRAMintegrated circuit design and integration
wi t h t r an§06%] orariouSembadiments GG fo Acnglcdddragstive daricenbodi nent, a
magnet or esi stive device having a nagnetic junction is provided. The
magnetic junction may include a first fixed magnetic |ayer

Background

15 [0003] Spin transfer torque magnetic random access memory (STT-MRAM) with
perpendicular anisotropy (p-STT-MRAM) has better scalability than in-plane STT-
MRAM. However, the coupling field between a free layer and a reference layer in p-
STT-MRAM is so strong (up to several hundred Oersteds, Oe) that the magnetization of
the free layer is biased to a direction, which prefers being in parallel to that of the

20  reference layer. Thus, the switching threshold (for current or field) is high for parallel (P)
to antiparallel (AP) switching (P—>AP) and low for antiparallel (AP) to parallel (P)
switching (AP—P). If the coupling field is too strong, the minor hysteresis loop of the
free layer completely falls in the positive (or negative) field region and loses its storage
function at zero field.

25 [0004] On top of that, the spin current amplitude involved in P<>AP switching is
intrinsically asymmetrical due to the population difference of majority spin and minority
spin. Such asymmetrical writing current brings difficulty for MRAM integrated circuit

design and integration with transistor.



5 structure having a fixed nagnetization orientation, a second fixed
magnetic | ayer structure having a fixed nagnetization orientation,
and a free magnetic |ayer structure having a variable magneti zation
orientation, wherein the first fixed magnetic |ayer structure, the
second fixed magnetic |layer structure and the free nmagnetic | ayer
structure are arranged one over the other, wherein the first fixed
magnetic |ayer structure, the 10 sqafmdrdi xed magnetic | ayer
structure and the free nagnetic |ayer structure have respective
nmagneti zation orientations configured to orient in a direction at

| east SUbED@S]tAéL‘JoM{ngWé PRNEinbMiRlent O dagh@bRsid§fd BeHcdNatg! Pipichase
between the free magnetic layer structure and either one of the Tirst
fi xed magheetion isayerided rihst megnetie jutrsios auaynthcludg edfirsh dixed incaghetye tayer
structure rein the p [ V- gnetization orientations of the
s froe Rl Ralink S SRADEAbA P ROPEMAT L &b R Bl el
| ayer st runmttreharisg arfixedtreshnatidation aiisdhlagdn, tand enfrke atapedtic lapg solefsd n
the first fixed magnetic | ayer structure iis a sfatjc fixed nagnetic

| ayer st rhfigr @ plR gmaeneifion, AT Atomg e jthe fuftglixed magnehic layer
swi t chi ngspdub@lkd 1ef sk ﬁie%%é’%ﬂﬂ@ldy@r LAXRNe 3Ad 6 e SnaghORY 1a§ér structure
Description of the Drawi ngs [0006] "In the drawi ngs, |like reference
char act erase gaaeged| ong evet ghe other, Hehereinethp dirstsfitedr magytetiatlayen strditifee thent
views,, T AW [e.. e il al e, hasi sl nstead
gener S 1y SR B0TnBREIL Bhy P PRTRRPE it P, B6E nen P AR, Bus e R

i nvent i onesplentitehena2hétidation oripntheisny idohfigured war oxiets  @nhodiremiohsatofleabhe

i nvention are describe ith refer e.to the follown rawi ngs, n
uni oh | [ CoB T EREPeRRI Ak o BeReARTIed B BoR RSNy 1 R Mbghet
nagnet or egyes tshi@ufteidCEitHRA \bh & @f IdTBEN EkbE niddRGd RYer Whikchuge B} e stBond
shows a simplified cross-sectional representation of the nmagnetic

j unct i on edtrrangig Hyeostaitue weerelavhe eespictive aagneivaiion arionsstions of ik,
30accqr digg 5.4/ ahLoUR lﬁgé}os‘i‘}u%% nd ﬂ{eo%%rld E%u?a nﬁaﬁﬁé}f&"‘ﬁ & aﬁ{e&,@@w
cross-sectional viéw of magneti ¢ j unction of a magnet of esi stive
devi ce, aswmordiang-phallviavicocsotberhantd wheats. the first fixed magnetic layer structure is

a static fixed magnetic layer structure having a switching field that is larger than a

switching field of the free magnetic layer structure.

20 Brief Description of the Drawings

[0006] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
25 following description, various embodiments of the invention are described with reference
to the following drawings, in which:
[0007] FIG. 1A shows a schematic block diagram of a magnetoresistive device having a
magnetic junction, while FIG. 1B shows a simplified cross-sectional representation of the
magnetic junction of the magnetoresistive device of the embodiment of FIG. 1A,

30  according to various embodiments.



[0009] FIG 3 shows a schematic cross-sectional view of a magnetic
junction of a magnetoresistive device, according to various

enbodi nents. 5[0010] FIG 4 shows a schenmatic cross-sectional view of
a magnetic junction of a nagnetoresistive device, according to
various enbodi ments. [0011]] FIG 5 shows a schematic cross-sectional
view of a magnetic junction of a magnetoresistive device, according
to vari ouQ0esTirIdi. eslieys a schéfflik2trokd-£actibnat have of & clRedd function of a
cross-sectional view of a magpetic junction_of a 10magnetoresistive
devi ce, a.‘E‘é%’FHF?FéS“tVBdF/‘é{??’éf@r‘g%%‘faﬁ‘ﬁlﬁ b FI G 7 shows a
schemat i Cio@dR TGS eCkhNAh XhaWARS cRsIRINGL Gidwnit Qﬁhgﬁéti@junction of a
magnet oresi stive device, according to various enbodi nents. [ 0014]

FIG 8 shoegnctpresistive dévier, aecofding thsvasinug ¢rebddimentb.ayer for a

magnet.or eah sy I f [.ous, inents and a conventi onal
magnet%r 2@!)5 ]ip\?g gﬁgll!log}gs. Qlﬁgi{@?tgi i%é)dS %g%r%rg’?p‘??%n&[%éﬂaﬁe éunl;tg?r} Shithg
det ai | ed Hegetdrgistion dewieascoiding tevagicnoembalymags.dr aw ngs that show,
by way of_ i ration, specific details and enbodi nents in which _the
i nvent i onl"éﬁlﬁ?- e SIS R i € GAtENFOE HBUN AT P1oh SasBeti JUREHon §f o

suffi ci enhagRiodésistve d8RD ke tIRSR vakibhd &fbddimbdie art to practice the
invention. O her enbodinments may be utilized and structural, |ogical,

and el ectPPEAIFIhéngeosvsnayschengiigdeross-sehidenal dégyarali ngnagnetin iunetigrt of e
of theg, i L QD o [ : i g t necessarily

mut uafbl yq}é%yﬁ)g%\llsg,wges‘}{g%%C%gdﬁgg%ﬁ%élgﬁgé@%%ﬂlﬁ%ﬂgonbi ned with one or
nmor e ot hePOEBHIdG eslicvst 0 schemativevvoRBseetidiatli vientos. a hé]c aboei oEnt S
described in the.context of one of the devices may be anal ogously

valid for™F8ngtosgsilye deXice ACofHRa P vafiRus HRbQIREt  of vari ous
enbodi menue14]tHie. RRE&SEa phft of 8RS fieRWRBBO b ldy¥r foBYmagnetoresistive device

of various embodiments and a conventional magnetoresistive device.
15

Detailed Description

[0015] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
20 may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and
structural, logical, and electrical changes may be made without departing from the scope
of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
25  embodiments.
[0016] Embodiments described in the context of one of the devices may be analogously
valid for the other device.
[0017] In the context of various embodiments, the phrase “at least substantially” may
include “exactly” and a variance of +/- 5% thereof. As an example and not limitations, “A

30  is at least substantially same as B” may encompass embodiments where A is exactly the



i nclude "exactly" and a variance of +/- 5%thereof. As an exanple and
not limtations, "A 30 is at |east substantially sanme as B" may
enconpass enbodi nents where A is exactly the sane as B, or where A
may be within a variance of +/- 5% for exanple of a value, of B, or
vice versa. [0018] In the context of various enbodi ments, the term
"about" as applied to a nuneric val ue enconpasses the exact val ue and
a vari ancenefasB,-or SerfA hiag beabitén a ThAMEObf As 506 dok dampleof 2 Vidud, of B)
"and/or" includes any and all conbinations of one or nore of the
associ at e 175t%EH¥- i tens. [0020] Various enbodinments relate to a

magneti ¢ foaNSiom RS 661fSxt TR R ds(MRAWIment O theeARPAR ut 4B B P numeric
asymetrical witing current for spin transfer torque STTMRAM .

10[ 0021] vwd wgempsasestheretpctvatesandraokarigrecetafabi%e obthayalueel d on t he

free layepal ' : 0, » i r.pendicul.ar

o eors oofto}d) A RRihd Rk ELt O, MAMaohD JBEGR M EHIEES of one or
magnet i ¢ muoreatfittemsarciaedibaggictanss. t unnel junction (MIJ) stack
structure r..exampl or a spin transfer torque nagnetic rando
rccoss. et dl VEEH Rre e iRl pearaia i COe O dERSY SRR
for 15 ofdaild ielbing A€ afimdfefib 2 vilitRig Rreh©R85pid thheer IR MRAM S FPS t
magneti c IayerL and bal ancing the intrinsic asymetric witing
current fMRAME nenory device (e.g. a magnetoresistive device).

0023], FI j i t pstive
ovi ot oLy Al ReBSERATAF bR REN RIAOE AT, & RGNS IR EIA 3ol
si npl i fi ewansfeo SequeadRiAdd alith [2tpendipnlesamnicatopp (p-81TTiNIRAIVEgNnet i ¢ f
i tion f the etoresistive device 100 of.the enbodi nent o
L LA B il B PRt B DoEHalE JHRGIRB o [ARBE G finpgh
may have jan&icACIAEN sta6k Whesturthfor BRENSTe f6r b Upialtiabfed RiqiBYadR1id random
magneti c tunnel junction for anpl e for a tunnel

magnet or P& PEMOPIVIRFT ﬁgJ)’TN@ Hég Gudarj gifeqtioph @eYT YRAMIo fore
i ncor por afpdqing ik ©hSfd1d BRANECAL L Gk Hyel for @ PRIn-B8YIG8yerf Hd balancing the
intrinsic asymmetric writing current for the memory device (e.g. a magnetoresistive
device).
[0023] FIG. 1A shows a schematic block diagram of a magnetoresistive device 100
having a magnetic junction 101, while FIG. 1B shows a simplified cross-sectional
20 representation of the magnetic junction 101 of the magnetoresistive device 100 of the
embodiment of FIG. 1A, according to various embodiments. The magnetic junction 101
may have a stack structure. The magnetic junction 101 may be a magnetic tunnel
junction (MTJ), for example for a tunnel magnetoresistive (TMR) device. The magnetic
junction 101 may also be incorporated in a giant magnetoresistive (GMR) device, for
25  example a copper (Cu) spacer layer based GMR device or a full heusler alloy based GMR
device or an organic GMR device.
[0024] The magnetic junction 101 includes a first fixed magnetic layer structure 102
having a fixed magnetization orientation, a second fixed magnetic layer structure 104
having a fixed magnetization orientation, and a free magnetic layer structure 106 having a
30  variable magnetization orientation, wherein the first fixed magnetic layer structure 102,

the second fixed magnetic layer structure 104 and the free magnetic layer structure 106



25 exanpl e a copper (Cu) spacer |ayer based GVR device or a full

heusl er all oy based GVR device or an organi c GVR device. [0024] The
magnetic junction 101 includes a first fixed nagnetic |ayer structure
102 having a fixed magnetization orientation, a second fixed magnetic
| ayer structure 104 having a fixed nagnetization orientation, and a
free magnetic layer structure 106 having a 30vari abl e nmagneti zati on
orientatiaa amfﬁ@ﬂeha ovérethé bthet, Whexeddl thrasefited hapnefic Rlyetgttudfuge 107 the

the second fi rragnetl Iayer struct 04 and the free rra netic
| ayer st r%?&?nsff@wfo%agna% P AGEE b%ea“g\}%? e EagRatislay R 1Pgbave

first fixecheoBenehd etllz%ﬁ@ﬁ Sttt &orfured N6 88GRANG Tl YRELHIRINETdaGt
| ayer structure 104 and the free nagnetic |ayer structure 106 have

respect i vabstajirdlyipemendinuler foenplan¢ defined cbbrfamgnﬁeefdcet lectwednethe fiep magnetic

directio t [ ] rLRE di r t ne.defi.hed. b

o or il EARk ROHAHAbhY o PARFAY e Blenkfs Pyt BAEnGELbASH

ei t her onecafd tfixed finagtetit | heet smgmati d:04 aylhdireﬁlt ItheC trespectv@2 mapndtiagtion
structuyre 104, mh the respective

second fixed ma c .l aye )
magnet | 2 1CBHOGRT G fr S HEe Pahiic fee F g O efﬂeﬁ sgoqugfizred magnetic
structur ela)lé??stﬁ&dret hﬂ aﬁ@%@i@ﬁiteii @2 BANR dppodiRYBlcash bl Uhe WHMkiRkR
oriented anti-paralle opposité to each other, and wherein the

first fixaat ﬁpeaglnéqanétur hryerrstwmmrlé agpicifixed magaeticlagénsatctmedieinge

Ia er,str i i a r

LoV RIS P 18Py R N PbRE RN UB BRI ,
t he |i ne stepuesHSt dd BE7. 10X, itlse ilink uspnea&nmﬂi bo Mo ilhstrited abi ms;hltm:
bet ween th ferent c nents, which ncl ude ectri.c

Soun 1 g TRt O S SRETT AP BRc R e S5 Souplingus
enbodi NendnS/or bftehdnfdaltoupliagi ¢ fixed magnetic |ayer 15structure” may

mean a magnetic |ayer structure having a fixed magnetization
ori ent at i 8A23IHatthe §°§tﬁé‘t Pl varjgvsr enhodemeriy ribe itrmpyietin Sixed osighetichlayer

stati {5 Tigueg,iBgn 1'n8 %&ﬁgne?fcrlh’g%tr ‘éﬁw?ctﬁ?%%a{?l% a%&'dlnllaag%gtlz%'ﬁollﬂpgg{tgt%n

precession, for e arrp magnet i ¢ noment urpos
osci | | at eharis sinte Mgmrepthemgmtmnnmndm wahlnnkmwmtlocﬁiadeilagnemc layerrsentture

[0026] In_the congfext of ari ous e.rTbOfl i ments ﬁ static fixed magnetic
| ayer may™ e 8r 50 el P FHRIRESST P 1Ok REGRE e Tagpedc pomgnts may not
mul ti| ayejursdstly@keillge onihdeigoM¥cdsEloh UitRr BRHa@nétiaiel@B€current.

magneti c/ n0n6] nh?%he cén(%exlt%f %Euious embodiments, a static fixed magnetic layer may be or
20 may include a single magnetic layer or a multilayer structure, which may include more
than one magnetic/non-magnetic layers.
[0027] In the context of various embodiments, the term “switching field” may mean a
field (e.g. a magnetic field, e.g. due to a current applied to the magnetoresistive
device 100) necessary for switching the magnetization orientation of a magnetic layer,
25  e.g. a ferromagnetic hard layer or a ferromagnetic soft layer.
[0028] In various embodiments, the magnetic junction 101 further comprises a first
spacer layer arranged between the first fixed magnetic layer structure 102 and the free
magnetic layer structure 106, the first spacer layer having a spin diffusion length

configured to reduce interaction of a spin current from the first fixed magnetic layer

30 structure 102 on the magnetization orientation of the free magnetic layer structure 106,



[0027] In the context of various enbodi ments, the term"swtching
field" may nean a field (e.g. a magnetic field, e.g. due to a current
applied to the magnetoresistive device 100) necessary for swtching

t he magneti zation orientation of a magnetic |ayer, 25e.g. a
ferromagnetic hard |ayer or a ferromagnetic soft layer. [0028] In
various enbodi ments, the magnetic junction 101 further conprises a

first spajeez9) ayes coatexepOesiobEiMBRMmENS, thd fefh “§gix eHfuRRE M@t thay@Ean
structure 102 and the free nmagnetic |ayer structure 106, the first

spacer | ay/kPehayidiange S0 Pl deetiornharericoorized; e @then wogdsy the spin
interacti i t 1 el I Ve
205ttt urn g g R R PR 0 ARG Bl r o BWTRIO] 4 Bl lpin
| ayer st rdifbsioe lebgdh varjegQzpdnding on¢hecwmateginl Asf nonalimising entnpls,nibatspin

the term j.spi.n dif ion le h" y _nmean | en r dist.ance scale
over vini cHirBign fengdS b oaglad it T acTe theroh il W e spin RS o Fedn
di ffusi onfo}l ARG MBY S IRl&s kigntshen.di St ance spins nmay travel or

survive in a material. %ﬁén di ffusion | ength varies dependi ng on the

mat eri al . (08301 fynshavw iy R ebBarpe dsst fingd mamnatic faygr sthissire rl 0P e gt Sscdngy

copper ( WL ile t i | f i.on

for tanta lf%rg?% ﬁ%aq&egg égfglse ]t%g}ﬁnd's ﬁn%?ee[%g%%e lcag%srﬁgr\%gﬁll%n“#ﬂe%%&hﬁ
t he fi r starfangedomagveetthe othay dor skampleuthe fiiOPfixdédhmagetioniayef isktecure 102
magneti c | ayer structure 104 and .t free magnetic layer structure
100 ity TR anete S sdrveino sl e e SiRghor s Wi ¢ ffiigiey
nmagneti ¢ lb@yan? beingGhdlkRodd Bxed Dabiyic M epkinait@ed 0a%ind B BRnl RY&' 12420
of the magnetic junction 101, with the internedi ate |ayer 122 being

t he secor$ing the dieparpsatticlayeysimctyre 16 gF thelingrmediate fayeh bl being Hpdee
124 bein : i Cit, LU : j | al.e
ayer 129" et I SRRNEL 10 WY il LOHTRER 23 HRing Yy KBl Bl RGN
| ayer 124ayreismectetadO4econd fi xed magnetic | ayer structure 104.

15[ 0031] aodi ment s ere.the second fixed netic |aver

st ucbur dOR TR SR BFHeRs WSS o ] vt St BPAefiag Pt rraneed
j uncti on gkQHs topNeyck L@ bir@inddpaeti Ayiactich2@ 18l iRRrrhéRaté [66r DNHOREY b the
| ayer strtucture 106 with the bottom | ayer 124 being the first fixed
magnet i c [FegyBensts lxenacttl 000yith e bpliera iasni 4t beingiheird Sxedunpgngdic
the firstyfd-@tcRING! b HeANRFmHidik Giyef @zzﬂ-%fggtthe F08 R4 HRIThERY Bler

124 being the free magnetic |ayer structure
structure 102 with the bottom layer 124 being the free magnetic layer structure 106.

20 [0032] In embodiments where the free magnetic layer structure 106 is arranged as the top
layer 120 of the magnetic junction 101, the intermediate layer 122 may be the first fixed
magnetic layer structure 102 with the bottom layer 124 being the second fixed magnetic
layer structure 104, or the intermediate layer 122 may be the second fixed magnetic layer
structure 104 with the bottom layer 124 being the first fixed magnetic layer structure 102.

25 [0033] In the context of various embodiments, the first spacer layer arranged between the
first fixed magnetic layer structure 102 and the free magnetic layer structure 106 may be
arranged between the top layer 120 and the intermediate layer 122 or between the
intermediate layer 122 and the bottom layer 124,

[0034] In the context of various embodiments, the first spacér layer may include or may

30  be of a conductive and non-magnetic material, for example including but not limited to

tantalum (Ta), chromium (Cr), palladium (Pd), platinum (Pt) and ruthenium (Ru). These



20 [0032] In enbodi ments where the free magnetic |ayer structure 106
is arranged as the top layer 120 of the nmagnetic junction 101, the
internediate | ayer 122 may be the first fixed nmagnetic | ayer
structure 102 with the bottom | ayer 124 being the second fixed
magnetic | ayer structure 104, or the internediate |ayer 122 may be
the second fixed magnetic |ayer structure 104 with the bottom | ayer
124 bei ngmhtBfalf hieia shoxegindffgbn knbtd)e brdet fouainithBe dPQimind® thd&83] of N
the context of various enbodi nents, the first spacer Iayer arranged
bet ween tHe SPin frent frany thﬁgﬁﬁ%tfi"é’dI%%%‘P“%hb’%ﬂmcgﬂié@z &adhe frse magaetic
magneti c HRNGE
120 and tlhgéfﬁﬁ?iﬁrnrﬁggg;{ngaﬁg%eém{oggﬁgﬁg ‘bet vvegsr?g%\g%l%g?{g %eg‘i?%%e d;{/Sear
122 and tdeed layeit foml‘lleé'yﬁrﬁx};@ magtlﬂ@34)}er studtime 102,re @for thé groanth ouformation

enbodi ;rent first s clude or. may 30 .be.of a
conduct v s PR SerihR Sk ¥ fils TR of BE ARG B RN i e
limted tfrst @atallwar(ﬂiay ha‘fH‘I:I ﬂmmms(gﬁiéz)ter thad D aei, uon é)dad'ﬂple PhHAEknBLE a
(Pt) and rutheni um RH mat eri als have a short spln di ffusion
| engt h i FeB#drOetveepa P‘Hﬂ%‘éné?d abpquiil B e egnletEsIeRbouL? naRd apy 8 nm,
current fﬁewee&l%o&ﬂmﬁ ahd X8Rkt mtaeavéeﬁxﬁéut%trﬁﬂ&{wb%ml%ﬁn the free
magnetic | ayer structure 106. In various enbodi nents, the first
spacer | a[? 51 rIayvabeust@mbp@meetﬁ, 8w ﬁr%é'e@dllaa}@pm dﬂ‘yet lstrugtimes 02 m&fcbe

magnefJ C f, , t he for Q
t he f%or stéog ?ig%ag g‘% t%al gsglreFds r hhgﬁffre e H ec%%en?@é h"u[c:]fs 18
vari ous etroek anmsmbitmlaﬂy [sﬁlﬁllas paL Bias ﬁalxd@enemyd b@ﬂe sacdridi fixetd @& netic

greater than 2 r | e a 1hicknes ra f between
about 2 AawréHHctafﬁo{ﬂ Theia éh@bmﬁéﬁ@e@ﬁe% B 5 dst fhied dmmsme s aner
bet ween ajp@ufure?] 02Wh B8 HedR@bietid 143 Qfuclfb \n@@ﬂlaﬁbﬂl&d ﬁxerbnﬂseffb‘i’d £hRMeql0
nm [0035] In various enbodinents,” the first fixed magnetic |ayer

st ruct ur eyrtheseeayd Haed magnesn faygusiagiure 1Qfeoretha fise magheiis layesistucseret!A6,

free gng t raer

subst a1 g it ok U e S0 e R mdehed A R b AR 1% 1 e B3P b
magneti c m@nenc ]wcmmumee 1@4 It s'ﬁhelﬂéfecapmecmtcé tlhntalsa et blad figkineeriag enl thay
the first, fixed netic |la structure 102 on  the f etic
ayer st HOS oy MSREG A0 FHE B 3 [5G doE 2 B8 5 ASISeEnd
fixed magReingGrd ﬂ)}l@fo Rto@bEAe thtQdt Bibs 118, TtREcoRnBE VARicud¥Bbodiments,
structure_ 106, roducing a net bias field acting on the free
magnet i ¢ thajam éﬂtl%Sufg@l dir ;ay gacaythe gemiqlrthe sifig amwgpeiipnbelid @ng hepxchange
Strucfur E‘co&@%d fleld £oR4LL ﬁRQd ﬁé?fé'l e?%trhé}a}e @% ex BI04 Ry Ehleefﬁrgt fixed
acting ont ree magnetic er st ucture may vary I n a rang

as | ong asagnkic };ayclmmumudieh(ngn thmstccmﬁﬁx@ magetacblagﬂahuakumlﬁﬂbdaﬂe frdrwe

el o dyPatei R OERTo1oF e SaliRee RERsBRa I Eeias i FromeeRchige

20 coupl afe tpRbdlaléomd g fitsx eshcoBRREt drndl/drafe kecdhd Wpdcef Biyel & d@xabdl e
either the first fixed magnetic |ayer structure 102 or. the second

fixed madEcandathsrmagneiigatiop of the maseiainel theowspegtvrefixed magastic layer
St rucfsur %tl‘ll%resT\bﬁcﬁprdeatc%QO Qi(elg%@ctt‘ve%ﬁ J& bfgrsdepends on the

t hi ckness of the spacer- | ayer ?II’S spacer |ayer and/or the
second saam Hlalyeemnmt désmumb@mﬁoéilmn)s andrdtah@ meigaset the bias divldbn thve
mat eri al t |vef| edmanet r 25str.uctures ich
s o) acae PRt THBE kil ok A SRR et 6 poRTEN e S BRior
vari ous ankediifmbhsmay Be afrfifed berweat HRaBSt ﬁ:&a IﬁAgfmStld lagbtdstﬁﬂtui'd'lﬁ)zf e
magneti c ga er structure_ 106, a_nagnetic_|ayer magnetic | ayer

with a hitBhlFskgerser laer Jhy magpeticelazet may ke eH‘é‘f’U\&f‘e‘FPUPH—‘é Wit the Hiptdaged
magnely ¢ hayeic BlEUGkMESe %@2 dﬁ@ﬁﬁéﬂ% 1@&1 mwg&)gfgg HRY Bl L& ez%ﬂat ic

| ayer may be exchange couple I rst magnetic | ayer
st r uct ur eran0@oFgher pelgltatdnebdray ¢Cokfeddy. Imihk edatebuof nartouk iemibbdichents, the



iron (CoFe) or cobalt-iron-boron (CoFeB). In the context of various
enbodi nents, the term "exchange coupl ed” may nean ferronmagnetic
exchange coupling between two ferromagnetic | ayers. The nagneti zation
of the two ferronmagnetic |ayers may be aligned al ong the sane
direction and nmay rotate synchronously under an applied nagnetic
field. [0037] In various enbodi nents, the free magnetic |ayer

st ruct ur etef B‘crEanfie canigledrgedy Iﬁezimefai\tbﬁ{hghét& Exchaiigel touplingB@ndehCtwo

| ayer struycture 10 and_t he second fi netic |layer structure
104. | ooﬁromﬁgnﬁ&ﬁ BEE- drbJUeREALoN ¢ Togragasti ayes qayibeeligen

or the magagtme sink&dcfbn &Qﬂlmayyotétygﬁﬁﬁfonb&% Befr 8n 85ARAGhARALS eld.

| ayer arranged between the second fixed magnetic |ayer structure 104
and t he fl08%7Inmgrepicembgdimenis.rthe fige enapodic lapen shmctboe t@meytbeafiranged
vari o i h r u or._ma

2 onmagrit et B ke £ 08 pRBRARaRe 3660 07 and Bl el L el e

mat eri al dmetundi0dg but not |imted to magnesi um oxi de (MO, aI um na
(A10"), i.tani um oxi de. (TiO or a conductive and non-magnetic

mat eri al a@ﬁ?ﬁ] Iy s VRS eFmR Qeiffients;, oé@gpawt@ﬁ%ﬁwen@ﬁﬂ%ﬁ WAHEr & thee Megagiiey

spacer | ayfdtions 0 rH%nftﬁ'ﬂiéglﬁQﬂ&déea A8dnd QPacet JayRARGhER BN EL ?H@se@oxﬂl
magnesi um oxi de alum na (A10,), or titaniumoxide (Ti0"), th

magnetic fﬁ%ﬂdc@ﬁmﬂidéyql‘@?ﬂ%leal%gﬁbﬁh%ﬁ‘?%mﬁ@net}%mﬁﬂ ﬁmc(ftrwﬂﬁﬁabl Fi‘a:rt
of a n

O 2. PRI LT I SRS L SIURRME B ARt L0
copper ( Guignetihenataghebr exjropie tai mm-codduarizy ahé mamagmttuangteml 1nclud1ng
ma netor Si stijve. devi ce. 0 Referr] tqQq FIG 1B, in.
Tnaoal o S Rt e st dohTea) ias LA 5 tiiim anider3iog
layer 12Qyrandnii@vé BiERdERR@cEC haveihl slu%ﬁ,as &d]@elscmgnd spacer layer is

arranged between the internediate | ayer 122 d e bottom | ayer 124.
I'n addi til8#3%i1n carhodimensnhtdeghbeseeend snapest Iag?a“a’ée'f’r npargerdurdves prch aged

bet wegn t e at g1 y 4 .t
secong splgif:lgéllre{?{ a{l}gE Hilﬂé g rgﬁgéngglﬁét \%gfeaﬁ ?ﬁlgé op al%/lgr 8@?10)2 35 l}Ptgrtlzllmfnhe
:c nt e [ nmedi edide (lﬂ“a@,érthﬁﬁﬁgn&tw Jtumeiond At a?[ag bc;a ma%[m?umnﬁﬁbmmm? |(1M§“|J) ashyert
irst spacger,|ayer ar e e fir i xe etic er
Gt r et or St s ce e AR T MIB fevicas it CBiditck s B Prasecon B,
spi n dif flugron h edeatihictitbi il hbenseaaRd nﬁﬁh’iﬁﬁrelga)éﬁﬁpe@-rﬂf' @anJet BRkWarn
re

the second fjxed nagnetic | ayer structure 104 and the e magnetic
| ayer st rJHle:CttwéOi@@Yrba§ala of eﬂ@n@aﬁw%ﬂrwwﬁ §aMigigriResuf ficient to

out i 0 i f r
puly Ngg A%@?&hﬁg ity 18" %Bgﬂ@élﬁb@dmeﬁmmeﬁe & kst & &ﬁ@& ﬁgel 9 %E%% d_

effect. In"various enbodi nents, the magnetoresistive
100 or t Hf@t\imgrtbc itep jla}’ncth‘l(brand@ile Imt;rmedmatehIeyerl 193, tlebesegofd spacess pyer is

enhanci ng | aye rranged n co i f|r . side
of the ool pdhEA e laRRhRE81nleR 155 ghE gROPURRL IR (2 dp aBhioR &
arranged eattjodxedits Wherothd firsCgat@dhyanid diradgsdbandersing entafmetdih@e Rgeond
spacer | ayer side and the second side bei n%Foppom te to

he f 5
each ot het fﬁlfn‘g Lﬂaﬁft L2 thersegond spacer davish i Faneed between e tomiaven 120

spi n gnhapgihg 1ﬂté}¥ﬁﬂla?e”ﬁyérh?225ﬁ¥%dco§@xf‘ o?@&lﬁﬁg'e%ohﬁi’eﬂfs Wﬁl@?ﬁﬁc&
t hi ckness of between about 0.1 nm and about 5 nm e.g. betwee

about 0. laypmagpezedibotvces tlmrrﬁwbﬁmdereagrab@wemmcw é@mars:lubmfrea magnpetic

bet ween t.0.1n Rd. abeut 1 nm tﬁ_‘etwe inn_and abo

nm bet \Agggzlliasbrgatfn Tq&a n?rs] g ns 01tt&=6" SLPtm rgr‘}on l%ngtﬁ E ghe seconcf~I spacer f"layer
arranged between the second fixed magnetic layer structure 104 and the free magnetic
layer structure 106 has a long spin diffusion length sufficient to output magnetoresistive

30  signals and enable spin transfer torque effect.



10 or between about 0.1 nmand about 0.4 rim The first spin
enhancing | ayer and the second spin enhancing |ayer may have the sane
t hi ckness or different thicknesses. In the context of various

enbodi ments, each of the first spin enhancing |layer and the second
spin enhancing layer may include a single layer of cobalt-iron-boron
(CoFeB) or cobalt-iron (CoFe) or iron (Fe), or a bilayer structure

i ncl udi ng[oa4{]i IS baici e embatimbts,N eheC Bl hétoﬂeﬁ@tﬁ‘ve dddcd anONoL Q&Feﬁ) eﬁ’d'ld
a second | ayer including cobalt-iron (CoFe), e. (CoFeB/ CoFe).

t he cont elfctigm 34 e & %ﬁb@ﬁl”ﬁ%ﬁt figst %Pﬁeeml@wrlg davien a@mﬁ@ﬂﬁgemé«yer n
may mean @onlta%i/%thtzpﬁ}st QRY RHRIDEnd :s::@icélpfa erP Qb5 EL%BH%ElnS&mTaH&ﬁ layer
magnet oresi st1ve may be increased a sp| transfer tofque cur re
density nayeanged adaesoet. or[if Gd@het Iwithvasdcond siderbd tierseeting spadee layer the first

magnet or esi, St i edevc 1Q0 ,or the et|c2

fucthet S8 bl e PR e BesRE P il “Qdet K b RN G aripeg
magnet i zagrhisdigénts ket oOMe fiddidpia HBeRNE lhy@andag REH®R slff])ﬂ-h/&ﬁlaﬁ&ﬁ%l Glyeir e
havi ng a variabl e magneti zation orientation, wherein t first fixed

magnet i ¢ PaY Vet fijekngse ol betwesabasp Ognbms 3nderporindA dim.o-g- dypéveen about
structur ep 18 anlihBott A, Yerwt@fl JBBADEL i ah@¥ifut 8 b SEdebn aﬁc{ﬁ?(}.fl Mfafand
magnetic [ayer structure 106 and theé second free rfmgnetic |ayer

st ruct ur eabapel amy hefyyeeh atpBt dbmen anebovtienot lbmwszewdbeu‘e@ h ntohendtaboetdl nm,
fixed el ayer r uct th ond. f

str uc%dJIrae rﬁnae\b%eep &8 petcots% Ve aﬁgﬁﬁeﬁp %a glﬁhegfc o slli’fna? Sﬂ%n‘g@ﬁ?r a&ﬁ?@%sef%nd

orient i nspin elilageihg Biyetthay Bastths sHsd ihitkhah by difree hidkabdsad. It thetchfitext
pl ane defi ed_bg n@ﬁ jnterface etmeen the free magnetic | ayer

st r uct ur et FEIOHR Fmbefimsntsy facty p tﬂr?eﬁﬁt (SBH. ?W%ﬁn%@ﬁétapé tht‘aﬁ%@rond spin
Struct ur enhQeeiflf labBemaP aRNdicld sifge TRAN6E &@oaltﬂ%ﬁrbé&{ H’%Féﬁ? oggébalﬁ%
wherein the 30nmagneti zation orientation of hird fixed magnetic
| ayer st r(GoFarer iren oFd)eoit dilayer |Strl1m€ah¢1@ﬁlng@ ﬁﬂﬂ‘elabragmehldmatqomlt-non-
orientati er it 1%

or the selinBl oMt Il Gebid Plol b B BRRRRL G (UL . (U R B
magneti c thayante)sttcrfumhuuseemwnhmtg rtheneeymi ‘Tsphlmhham@t layért nidyx@ehn a layer
nagnetic er structure. .The third fixed magneti.c, | ayer structure
may be orth 2y RERRIe e Singpliniphci o) @9@?&%?81%1%1@ pegpsyeased and
structureg 111A§arﬁ’.fdﬂ‘ilﬂqlhé HirfehN@enix Jaﬂfﬂi/ Be rdd0€edi r ee magnetic |ayer
structure 106 5 may be arranged between the first fixed magnetic

| ayer stri@842lrle yamuanembgdémendsothe magediormeigfivet deviteyl@P en thecmageetic
104, t f n Y, th

thi t i Se ion L thEy ek SR bk iR WL LR 10 e
magneti c MagmnzzstonUMemaaoﬁ,CMd aruéc@ﬂuhﬁthnmgneftllcﬂeybr rmgd:textel l[avirgyzemnable

structure, S _may Si Ilca e to. the second

rmanet | o PagSHEAPE GeEtALe et 7 Hk G5R R pisdc IR SRR A fheggeond
st ruct ur efiysaymbgnefit Nayg atub@iave® theehitdifked fmagﬁalmeﬁémtdra,y% free
structure and either one of the first fixed nmagnetic |ayer structure
102 or t Haegetedayer pwedurdghand che sspend See mragnets laper, structufymag 3grapged
vari O4s t t i ] r V.
2St oy o Tl R Raer DAL B (i BRATRARRLL TP UElen L BHE Y oS,
i s | ar germagratic aysnstturhiradave ehpectise ufagmdneatmn@mﬂta‘tmesacarﬂ'gn&m to oriagier

. 044 di d
100" or "t 1 HAGHEPP & AR T0Y PREFRIcHAE 1 RAPGOG LR (4 b

| ayer ar ripngest hehee amhehiia: hwrrs@uémi@emmﬂr@ﬂqwoﬁ@me Fihedt Ut nrgAGtEL
t he second free magnetic |ayer structure, the third spacer |ayer

havi ng a SWIPyFErLs0Rr thenseondcbred magrstictlayer stiuetare 4gan¢nwherﬁlrséhe
intergctign. lﬁeoaoomﬁa&lan O#eh&Mird HRA hiX nétp ragelf étﬁr%ﬂlr%g ?g%ﬁtgd LAyer

structure on t magneti zation orientati o e second
magnet i ¢ pasailet tet thec magestizhtdHy Sliehtatierh eof c eifitee xthe ofirst fiMedumagnetic layer



be of a conductive and non-magnetic nmaterial, for exanple including
but not limted to tantalum (Ta), chromum (Cr), palladium (Pd),

plati num (Pt) and ruthenium (Ru). In the 25 context of various

enbodi ments, the third spacer |ayer nay have a thickness greater than
2 tun, for exanple a thickness in a range of between about 2 nm and
about 10 nm e.g. between about 2 nm and about 8 nm between about 2
nm and absiuttube 102 @f thbetosré fixad alagndicrlayar Rttuabe U4 10hd third fixel GR4AEHd N
t he context of various._ enbodi neatli?f{;al n . order to increase the bjas

field on AHE SEYEREOMAY PF Q8 THYJA saYie fixed pagngiicdayes sHugHes: ilae thitder
(e.g. a nBgRekhhendidy8ferWtiubufe RigMhdrag E‘x?a?r' #RLHON) siHB¥ Jﬁ@gn%{l& %&ﬁ%r a

between the third fixed nmagnetic | ayer sfructure and the
spacer I ayultilayph stryphigpefs @ n@ymltmwxwpbxmaﬁ@em@mpeldymStrhcturvel%

thir d r t i ncl ud
but not 1y PEARRL bANEL BT ME HES mEDR IR sfih 16> HRY pioherdi
[0047] | nﬁ}tekienﬁmmﬁei@tyer)ﬁtmtarre @04, Immdmdl the fitss ﬁxte&lmargﬁetm Iajm)@dcture 102
magnetic | y r structure' mean netl er. structure
e & Bt e e, Tt SRR o Doegn fhescetorusa s laper
structur estﬂamlé nokugdR tehaid FiREd QNBARRL 5B R Th-fsh?nal}a&gularly be
ferromagnetl c materi al be resistant to nagnetizati on and

demagnet i aPati¢abie 1ojthesecprd é@%@ﬁ%@“ﬁé@ﬁéﬂﬂ@é@e &l ﬂ@eﬁﬁ!ﬁ‘g‘@eﬁﬁezre@gnetltahder
h t
e v b by 56513 st R LASERBIELNT Yok MOP

r ef err ed dfothasfiat Hxed rhagpetic dayea shecmmm@hem-lthalsbgmﬁaﬁded a‘;agﬁeuc[ R948]

In the cont ext vari ous enbodi nents, the term"free nagnetic |ayer
structuré an a magnetic |ayer structure having a varying or

vari abl e mm]%lvéﬂbmsoanwdmﬁahatth@ﬂmdl ﬁke@tm@gheﬂ@ragiér sthiaﬁ;rérﬁﬁp%lazaa&ﬂcon
orientation may be changed or varied, for exanple by apply

current, isdmnagsete lapssipegdiaying aswitching ficlihatris @&eﬁﬁ@ﬁétsﬁétchlag &eld] 5
str ucfsur CofTBY sekOd ﬁ’&:eifﬁ%r%fié Elgglesrnqlgﬁgpegnetl c material. The soft

ferromagnetic materia receptive to magnetization and
demagnet i[#844]dn Yaricms m@dﬁmemgﬁet maguttemsstiendgiet i19eddr, theendhagagtic

have a snal | res Ioss . l,ow coercivit t he conte f

Varous. aneP bR bR npCERIAE boBin e TN plitdies FmigrRBe Pudhrdl

to as a spignetiayskr @ﬁumrfe%ﬂqn@gmhd ¢k Inyagnerdd lavay aructt®[@0481d sgacthe
context of various enpbodi nents, the f| rst fixed magnetic |ayer

struct ur d2E5PaKAG 2 sk Gidesign dength eonfigyeed tp medugeli 5@ MINBRISH HEEIRGHEm of 2
(FePtg Orspﬁp&%lehf PbiAtkhdWIT § (E'Q@fﬁl)agné?ﬂb 18P EW& ot teUhd dhe 62Dk BH?A&%&:&

first layer 1ncluding cobal or 1ron or cobalt-i1ro
(e.g. al |dyheofecosbademagngti l‘aaﬂ)stmaﬁtid% a second | ayer including

| | Kk

P 2t TR0 R el RS bR oh kB Blef S T i) spad s BIRY igde ) may,

?Comlil } IF)ljagcaff a)cfonﬁﬁ‘ahﬁta)ld I(Oﬁﬁﬁf@,(ﬂ):tlc ﬁﬁlﬁflﬁll, Yor e(xE@JbEdl)lcluﬂﬁQEﬁi R60) limited to
e or mu L1ayer,

mul ti | ayéfmta‘flﬁbcal(agé%mrﬂlkmcf %;gl,xm FReP F*EVIM])"E) aﬁﬁ Htr%%r(Ru} e the

( COFELISPO)%OHH:H of YBhs eﬁu@&iuﬁ@ﬁg ah&ehird Sypet '1sz@%%5¥ Rhve a{"ﬁ"uc(kg&/s Iﬁﬁ'éa&r than

mul tilayer (where x may eany i nt eger I nc a pluralit
bi | ayer A mmcfayreaampleiangickngss rnsta TRRgpar b@fwe@o abfl ?anm agd pbout 10nm eg

respecti Vb%Weenaa%gulaZ %ﬁlcé)nrzidablo nm between about 2 nm and about 5 nm or between

about 5 nm and about 10 nm.
[0046] In the context of various embodiments, in order to increase the bias field on the
30 second free magnetic layer structure, a magnetic layer (c.g. a magnetic layer with a high

magnetization) may be arranged between the third fixed magnetic layer structure and the
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30of Pt, Pd and NI respectively. As non-limting exanples, the first
fixed magnetic |ayer structure 102 may include (Co/Pd)5, of 5 |ayers
of Co arranged alternately with 5 layers of Pd, i.e. 5 bilayer
structures of (Co/Pd), i.e. (Co/Pd/ Col/Pd/ Col/ Pd/ Co/ Pd/ Co/ Pd) or

(Co/ Pd) 15, of 15 layers of Co arranged alternately with 15 | ayers of
Pd, i.e. 15 bilayer structures of (Co/Pd). [0050] In the context of
various ehlddbaentisertTie megond lhyorathy b eedtated ayipled Rith ithel @litdr fxdd04
may include a single |ayer including.iron-platinum gFePt_) or

cobal t - pl Ht§FtifIeXsesipctugs Thegnrgnsas layer dedvutns!uda diul dioh dimitefl tp sqobalt-

layer i ncliticegefaRabil-{rbfboh (CoRIR)(Fe) or cobalt-iron (CoFe), and a
second layer including platinum (Pt) or palladium (Pd) or nickel

(Ni ). Forl084Enipitke cariext 9€waninps feimbedimentyn tieiternt Sfread rsagnetie layer sttunety
inclu ilayer. or a. multi r.of. Pt [Pd), .(Fel Pt

(For o, T pBER yi¥enis ek suis rdiim &l Prackape ptaistio 194 Sy |
thfa (|Co/ Fidag'netr;ml Iabzéra)slﬁ'ﬁctuﬁehﬁlla@lzieicﬁﬁé ﬁuhhﬂdl anﬁfn}lagﬁl)B@: (Iﬁiﬁéﬂalcl) The hard
mul tilayer, the (.CoFe/ PO tilayer, the (CoFe/Pd)x multjlayer or
the (Col NeoRg# _lpavé?ﬂa?vwgf?'@ Sesiviyt f?emégﬁf"gl_?fi’ﬂoé‘ ) demRgnstizalioRi@-canot
plural it yeaGify thaBhdtBYEand HEMESHsiSed)2MIdNGa R hidd 8 hidhtlRler&ls 108 add€a Ak
CoFe respectively, and a second |layer of" Pt, Pd and Ni respectively.

As non- | i W9RICEYitY- dx theploatsxt efiearious embodiingetd, arfigrempgnetigyayer stifture may
st ructur i P f. 5 of Co arranged
alter %?at gqeilr g{v%nl%ﬁ¥q5éﬁ%%ag$§iyéﬁ‘%qjﬁﬁ I)r?‘?’a . eg?%LP/ ﬁé@?’y‘%’t ructures of

(Co/ Pd), [0048] 16Ghd BatESo/oPohkGodsRa odl el CaldPt)ym Oifre€ GadgRetl cLhayeroftrutfare”

|l ayers of Co arrangrgd aI.teir nately with 15 |layers of Pd, i.e. 15 .
bi | ayer sPPUCRGPed BISEED/ By S“[%Blsel] YRSt he R Okt Vasiebl appgRftization

enmbodi MeNfrfentatiBe Thddeer FREDE thCmb@baratvh dHehidlien HA9 bRBRKangRE ok REdididgord
single layer or a plurality of layers. The free magnetic | ayer

st r uct ur xaoplerhyanpheng s eubent, syl a3 ¢ Apinwglarigedceresst. The Fee/mmsepetic layer
CoFeB/Co £ ) . A " . :

it oot oy R (KRG ebe ey A Rl The MIPR ol B mey
based on WE0FeBp(iGo/tPd agndtiretidr emdmdgmegrictzdtmyeri.ct easdy unmagidiGedragnd

i nclude a, | ayer. of, CoFeB and a i | ayer. of Pd) 5, . of | ayer s of
o ar r angiE SIS0y BV Geu o 4w bhyslog i lop thetcistly, Fufpd bonext
st ruct ur esf vafiods@midd)merts, @ free GRlghet JaldrdirGahRah &b e e sl hs a Wit Ryéhe
| ayer of CoFeB and the multilayer of (Co/Pd)5 arranged over each

ot her. [M@ff“?rﬁa&q‘?ﬁc%]dﬁ?@*%yebf various enbodiments, the third fixed
) B L5 el A S e 17
st r uct ur endyniokludé agingleflayes tindledneg irpmplatioiim GFetbad dobglGplatioum i(CoPt),(dEa)
g;l fgg?t:ﬁl Iﬁp&‘;) Sr{lbur%%r%%: (eg’rzl(délrcﬁl?g\lflfﬁr%‘? fa?zgld irlcﬁ%l‘ienrg E:&%ltuégosl%l'%‘oaﬂt tPQeS' B (clg%‘):lt-or
iron (CoFe) (e.g. alloy of cobalt and iron), and a second layer including platinum (Pt) or
palladium (Pd) or nickel (Ni). For example, the first fixed magnetic layer structure 102
25  may include a bilayer or a multilayer of (Co/Pt), (Co/Pd), (Fe/Pt), (Fe/Pd), (CoFe/Pt),
(CoFe/Pd) or (Co/Ni). The (Co/Pt), multilayer, the (Co/Pd), multilayer, the (Fe/Pt),
multilayer, the (Fe/Pd), multilayer, the (CoFe/Pt)x multilayer, the (CoFe/Pd), multilayer
or the {Co/Ni)y multilayer (where x may be any integer) may include a plurality of a
bilayer structure having a first layer of Co, Fe and CoFe respectively, and a second layer

30 of Pt, Pd and Ni respectively. As non-limiting examples, the first fixed magnetic layer

structure 102 may include (Co/Pd)s, of 5 layers of Co arranged alternately with 5 layers
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For exanple, the first fixed magnetic |layer structure 102 may incl ude
a bilayer or a multilayer of (Co/Pt), (Co/Pd), (Fel/Pt), (Fel/Pd),
(CoFe/Pt), (CoFe/Pd) or (CoNi). The (Co/PO" multilayer, the (Co/Pd)"
mul tilayer, the (Fe/PO" nultilayer, the (Fe/Pd)" nmultilayer, the
(CoFe/ POx multilayer, the (CoFe/Pd)" multilayer or the (Co/N)x 5

mul tilayer (where x may be any integer) may include a plurality of a
bi | ayer sdff Pdti. &5 binjengtracthies SIf (Caymy), 0¢. @v/Pdreo@dCoiRd€o/Pd/Co/Pd) or
respectiv and econ ayer of , Pd and Ni.  respectively. As a
non-1i m t@?é’dés@aﬂfpf%?%ﬁeodft% PRatged @Eglﬁﬁkjfyewh Ipdpues 8t Pchaurle Tilgyer
include (&RERMF(COPALS |ayers of Co arranged alternately with 15

| ayers of Pd, i.e. 15 'bil aégyra structures of (Co/Pd), i.e.

( Co/ Pd/ Col0f01dn/ ¢ r@utRdrTorpays embodoBats, Rhe seporshdined amsgrivtnalayer
Cross-sect| i o] t | CiJ MNGE | 200 of a ma resistive
devi ces,s astéllélgéﬁﬁ lndga oyv{aﬂ: @gg}ggﬁﬁggdild%%g lgc.h?d?% TRC rlfaet die ?geﬁﬁ:tf 1%n"° @6‘
may be a piagmet (CoBtyreta bifayef sttucgiraniiclidign atfosekiat inviadin@opalt evo e
or a magnetic tunnel junctign J) of tunnel j ng _nmagnet or esi sti ve
(TMVR) de\/lfoc'b(%e)e‘?rg‘f‘)%%lt'érﬁfl 6591?%_%?“@? S36RY, %@ew@wgtnadﬂl%tglﬁa’oﬁ%t)a@ 4dium
memory ( Py MRAMkeMINIR IR @R eC Wekectil FRE ARYnetkOlaydN@ridRONEDA Gnay
junction 200 has a stack structure, having for exarrp?’e a plurality of

f er r omagrigelpde [aahdagr oropsuultilpyer eadketits (CoRsbi OFe/P00 (Fefled)u deeFedbt),
| east t hr 4 a . ngLl g~ jmpcti g 200 . N S
at 1 et Garuely SPRENRYS TriclKe Ry HAIRRET Bl (odDe vttt i BeiE
magnet i ¢ thelyitayes threu@eide) mEbiZyentthd Eafe/foR endtilagert diegiCeRe/Bd),amdtilayer

(denoted as,"RL")..20 (., d. second fjxed magnetic layer structure)
204 and & tpe oo N anifiaen Fu® AR %aé%flageeg)slmrﬂn%{u{eea. glurality oL
magnet i ¢ YRy suStitChaviRy)a ﬁl@@la?féaeﬁ'ltd?ﬁ?etah@ Cob¥ edpsBgBSL irfdl a second layer
| ayer/structure 202 and the reference | ayer 204 nay be a hard

magnet i ¢ Af&Yetd andNiceeneeti yelyiAfgioa-limidiag exemples thrarror iedemeaeiiolsyer
The fstedsn‘lf&ﬂfbefd4cm£)a¥ﬁﬂd§t(f3%>ﬁ)‘sr i 39%;{5% &ealfglﬁg?‘xg%ﬁﬁ%lggﬁBQS gag%tfgc

fixed magnetic layer” structure.” "The réference
may i ncl udePdr ist &t bidayer wtrdctmme dét (Co/Rddy be. orRICCoPd/ColECH/ P o/ ) eor

206 may of t net i ayer strycture hayi a varjable .

magnet ) zaceler LI B0 e o7 Eimerd igheh: v 18 ey BhbaLa s taver

changeablsarutiires W {CHRY). € between different orientations or states. As

a non-limti ng exanpl e G 2 illustrates that the free |ayer 206 is
B

. FIG . .
arranged [0¥pHn Hsetontcreok vapoys ermbeiments, thy Eee srapurticdpest stactand 0p meay
ref ergneendigyes siﬁgl@-lz?%g %gggﬁ&aﬂepf%f ia’yéll%gTﬁ@-ﬁQ@Ha iR Bfek St YDE nfQ2:

the reference | ayer 204 and the freée |ayer 206 have t'heir respective
magnet i ¢ ineluge dui snof dimitedrig reeiieBat CareBiaPenCaFeRiCoBt, CoFeBI(Ta/Bd)) or

aligned i dicular direction (i.e. perpendicul ar i sptropy),

For Soxam el PACRIATT Lie 3T mEk bF B Pl sFr s BFRRTO s Ean v 14,745 4 BB

pl ane deflivnieitlg eyaraple ibatedr §raCoOFeB/(Co/PARANBE €rea indgnbd fageesthrture 06 ke

free |layer .206 qnd the fixed gagnetjc | ayer/structure 202 or the

ref er ence™§udiep loypy of CoFeB and a multilayer of (Co/Pd)s, of 5 layers of Co arranged
25  alternately with 5 layers of Pd, ie. 5 bilayer structures of (Co/Pd), i.e.

(Co/Pd/Co/Pd/Co/Pd/Co/Pd/Co/Pd), with the layer of CoFeB and the multilayer of

(Co/Pd)s arranged over each other.

[0052] In the context of various embodiments, the third fixed magnetic layer structure

may include a single layer including iron-platinum (FePt) or cobalt-platinum (CoPt), or a
30  bilayer structure including a first layer including cobalt (Co) or iron (Fe) or cobalt-

iron (CoFe), and a second layer including platinum (Pt) or palladium (Pd) or nickel (Ni).
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5[ 0056] In the context of various enbodi nents, the term "easy axis"
as applied to nagneti smmay nean an energetically favorable direction
of spont aneous magnetization as a result of magnetic ani sotropy. The
magneti zation orientation nay be either of two opposite directions

al ong the easy axis. [0057] The nmagnetization orientations or
directions of the fixed magnetic 10 layer/structure 202 and the

r ef er enc eFdragrampR{) 4hafiest dlxied neapnetic daype stpesndt ClOR anay inchelei Dbilfyer @r a

Cubtt ant | APRYB P B BuncerPBo BT HRE b EabelP By (SR ani Gty T
exanpl e oymjxehfu@tﬂﬁyeli’ettl\{@?ﬂo%ﬁ iﬂuﬁﬁaﬁy%e %ﬁ@p@ qnﬁlhﬁyéﬂ XBE (Fe/Pd),
magneti c 1)i/ler/structure 202 or the reference | ayer Fur t her nof e,

t he magnepililayennther (@Qﬁeélff?xoﬁﬁlhdﬁyfm ke t Cofie/Pak ﬂW&tﬂﬂYeXe@lf gy (&N«
15 | ayer/ e r [ e

it Sl APPSR AR (BB By SRCEDCHES iR e SRR B 2HERh Sy
For i | | ustavatgi oofirsplagygadds, Feaadh CoFe t'dspedm@&ﬁindzzﬁiebm{ﬂ layérenftPat Rdoasl MOir
di rections of 't‘f’EPZ ‘%i xed netic er/sﬁ1 3_t ure 202, the reference

| ayer 204°HeEHY Sréélor“ Pn%éam ’é@ ‘édﬂf’&}}e% YPlo SHISEHF Fay
arrows WihHludle tG@PERS REAS MR aﬁ’eb%n'aﬁ% |eﬁierr%tel)m3./k’thplg| Rberk raf@a yepwar d
direction or a downward direction 0 vari ous enbodi nents,

magnet i ¢ QilanRnstiyrums Of (feg/Pok § e dEoPHECHPHS oA de} d/@WPﬂW@/R(ﬂee I ayer 206

and bgal a i Bt C r. tic
Funct on 190071 190" D5 s seRRUTIR s Geonh! RO CH'd ko iunchln 0L 4

of the fimaghetvagpmtive dehag;elmicsdmla@ waeol2 Gntedoudng. Gae a:mgharcgmnamn 200
possi bl e, or. at Ieas Iar han t he svvittchi.n field of the free
| ayer 20673 BB%@]“%‘W % é‘P} i Bt RS Or‘%sffé“’gréﬁ@?) VSt HUPELTtSn
of the naghel ylﬁlctlbkﬂmdﬂ“grbf%(}ﬁnnefll(ﬁg neSAEBlctistitd @ MRPRREel ¥.8. a spin transfer
magneti zation orientations of the fixed netic | ayer/structure 202
and/ or t HE" e FRASBAECIAPEYBr2coD TR (S Iﬁé\dﬁﬁé@ walgféﬁrpgwécu%@ryarb@fropy

pre-sgt byhaRRbYdiRGuAHIRINGS hes b &L& dfhchire HEREH foh st Feté 8

30[0060] I n various enbodi nents, e fixed nmagn t| c ay r/s
202 may Uerrempgretigdayesst ructure or a nmultilayer structure of (Co/Pt)

(ool e i J008h Rk, b Hunesto X306 Feluaes SEAES! Hitke Brdifintlid s, e

L10 COPt m&g’neﬁc ﬁmﬁm‘xﬁ'ﬁl(man&tldlds@lt leag onBoch ﬂh&b‘mﬁ@{eﬁcﬂd}@ﬂstﬁi&&né(d\g |a&'nst
| ayer. 8rnllous eg@odl nment the (Co/Pt) x nmultilayer, the

x mul ti | qgretiq ?fp%f}ucm?)t%%?el@ast ©ORE Of patiopnee faypt €dﬁa<gﬁ@4 as tINe ’)
( CoFefoPO'(e %Uil kdchAY Bked ﬁlﬁ'%neﬁ@fy@{ Rﬁﬂ:fﬁré)"-&lobf'ah@){ﬁ%as@ bnd & ﬁ@lla?g (démted
rrultllayer where X any integer) may include a plurality of

bi | ayer gsr lﬁ:ﬁ”l)r@ maani%;g magpatist labf‘ayefnuqmremoﬁF@adndeGdiEeﬁxed magnetlc

respect i ﬁ&&ﬁstr@geazoaea%aqge #elq“gr%éceola t?t (%4519 Qg l}Jla 1c I%%’tmcmre

non-1lim exa the ayer %ruc ure
i ncl ude (lﬁminlgch)ﬁ;edaﬁa@eﬁmﬁensnaitam ahe ﬁmg@magﬂldnerlﬁlﬁei'/@ﬂr%tthDZ 51ay be

| ayers of Pd, .i [ 5 bi. lf@ strucﬁures of C%/ Pdf)

( Cbl Par O BRAYCH} B Beipieiies magnens Javeicmstiya. e pleiencs lren 204 tonsche @
arranged @A¢ fichab el Htay E%@&akx@(@rlﬁy&fsuﬁ)&mé The e 1ydr 208 ms} Bé'%téé?tes
of (Co/Pd). 100611 As a non-Irmting exanple as illustratedin

2, the fimegchaglsen c,stlluWéﬂrllyitvmgctaur\@nzb)lz Ipsnefization i prignéationt rlu-’ct thee
or two bi nd. t wo..second
Payers 203 bR AT (Bt b R LR AR RN SR
posi t i onsstads. e Hondiriting exdnaple G20 Jdusanids that)tl‘&é'ffﬁﬂdyel‘ ag@ issar2figdl imery

be i nterchan bl 15 Each of the t first | yers 203 |s arranged
al ter nat; ‘%f‘aﬁ’} ﬁ’é\eélﬂmiﬁne?%]éiy?lmug ‘c\nﬁﬁﬁr@ s 1avpslln exanpl e,

each pf t[b@ssqumef fi Rl mla @RI SlagRRauday: HE qa@a&ﬁereﬁ@)agaﬂdo@%h @t fde
two second Iaagrs 203b may be pal | adi um (Pd

i |1 ustratlesr£(e beye sheil pppecsive omgngirl e@%ﬂ)@%&@ﬁdmlaa}p@z@u@owmatton or
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20 | ayers 203b. The thickness range of each of the first |layer 203a
and the second | ayer 203b may be between about 0.1 iun and about 0.8
cm e ¢g. between about 0.1 nm and about 0.5 cm between about 0.1 rim
and about 0.3 cm or between about 0.3 nmand about 0.8 nm 100621 The
t hi ckness of the fixed nmagnetic |ayer/structure 202 nay be between
about 3 cm and about 30 nm e.g. between about 3 nm and about 20 nm
bet ween adiesstio atighebinan@rhdivtladdirsdtivon (el pepehdadabitanitSrdpy), Fotealpus
30 nm or between about 10 fun, gnd about 20 run. The_thickness of the
r ef er encelt 1iEFeton At (683 sHbstyiialig @prrapdenlastormplangdefinsd by iateriage, dor
bet ween o] n abpgt nL.a b%%n

nm bet meag%mg%)egoufml%ggﬁegng&g%%ut{H%O%\Ag%ﬁe? %eﬁ&ab%t rH%‘(‘)ﬂlcm néﬂ:
about 20 lewsr/sTheturetA02 londhegetstenctiayén20d. | ayer 206 nmay be between about

1 rimand C + 30. bet ween. about, 1 .ri m.and abqut 3

et woeh altiodl i Phordhich doriion® RSRRaRhuns, B0 " dr iYL 5
nm [ 00G@hgretisii aiidyonisanearbadigreed]l, fatdiable direttncsd shaaieoddhapitization
include a single Layer jncluding _iron-platinum(FePt) (e.g. .L10 FePt)
or cobal t2# %‘fgwﬁe EBIHIC) anixetrgpy- | e pgpetizatigp ofienfption, miay e qitben elatwey
a mul til ayphsitd dikehidHs@ldy th&sPhtis. (Co/ Pd), (Fe/Pt), (Fe/Pd),

(CoFe/ Pt), (CoFe/ Pd) or g_Co/ Ni), or a conposite structure which has
mor e t hanlV8hd TIs sinagpeaizatipper origniptipny | ous diontitvas mefit she t fied Cotap@tic

mul tilayer " j er, 1t Fel. ".multilave . he.

( Fe/ P!Ba" elﬁﬁ?r{spﬁ%t%‘g%ﬁ?‘?ﬁ‘g t?%%#%‘]f%%xla%% 28, %f, g#,g%%dh“é R espesisgar d8Gtion
mul ti | ayefi.eompetpraditlay Ninjsstropsh)) i fbayeamplshén ea Xdirestyorbeat aleysti stbe@etijlly
may include a.plurality of bi | ayer, structure having a first |ayer
of Co, F@Wd@aﬁé 9 éé%@&@&?%y aRdrgrtecse oeXP%w@ranomﬁ{as:e Bervart g
respect i vigdeylayhS20Whnd ¥ fikMIme¥aB! 18/ stii@ueei®r &8 reffent@VBfer 204,
may include (Co/Pd)5, of 5 layers of Co arranged alternately iith 5
| ayers ofFysthermorg, 'the ypagpedsation r prdentgtions ofr (das¢timay, of the fixed magnetic
(Col P / Pd/ .ol 0 P : > r f .

arr ang;/egoll 3?%/5?%@%{ @w%qhtﬁg ggﬁl)gl;}%er %yér%d%% ijo?slgfltgg g Fjﬁ ip%“%yglr grs@r (ﬂ)?? ?Jrfees
of ( Co/ Pddirecfi@B6xith tenpactita auals otheb ddi ithntratjont fuepdses eadhanyfahe R2@Gnetiaytion

include a single layer or a 15 pluralit f Jayers. Th ree | ayer
206 oy HEPHRETLAE dietprel dif i ieRomatnto ik St ciprece
CoFeB/ ( Coai 204 ind Ghé-eRE (10pdr P0G, as \MRERnded TBY tHeErefi¥ iV hi@@RS wifh@ the
exanpl e between 1 and 15. [0065].  The nmagnetic jaunctl on 200 further

i ncl udes BerSpaeRrY§ PRI &, gay noint ingn uppardkediraconen a dognverd divewioni I
bet wegn t ' t] . | ayer
206, he. nstern oSy e, kel Ml 306 nglZo Rl Visd BB orfhey R
spi n currleysr 20Gnrmnd higaldricg ethe nmtpsici esynayetrit swriticg umee@0Zomehe noignetic
punch thm}f&f(‘) ?@g beconme involved in free layer switching. In other
words, tHE™EP " layer 208 nmay have a spin diffusion |ength

confi gur ef@058] Iar viaHais r @dbeisents. Ghe MsWittRiBES fielt edfaché OMixed aghétie
current fromthe fixed magnetic | ayer/structure 202 on the o
magnet i z dEYSEIBFIEOAshaH dre aslrteeins mysdbler preat loast dargerethnn fhe writching

ori enjat i Qi of tht lge f4e€2deayer 206. The spacer |ayer 208 is a
non- magneti c | ayer, Such as a conductive and non-nmagnetic | ayer,

pl aced bel0&A Intvidosi exehddiveaptre theandgayts ¢asfigwation of (O Mmagnetictjection 280,

| ayer 206, for separation, e.q. tantalum (Ta), chrom.um ( .
pal | dt ol PRI atihdeRerE PG Pre SR oPheen s | Mognetifne
spacer | ay@/s208ury?2 had/oethe réfe@nédans 204 aBd/at the Pae &iykd(Bmaylhepre-set
spacer |ayer 208 may al ,scﬁ)}éfOfuncti on as a.seed |layer to grow the
fixed naa?i"eatpip yinga wrgnstic figld tp dhoxpagnetpmnglion V- | ayer 208 nmay have a

thi ckqessjoas@ah Saribantbdiind, We E¥QMMhshelc IAJeHKRRESe bih Ral 38 AiRler
structure or a multilayer structure of (Co/Pt), (Co/Pd), (Fe/Pt), (Fe/Pd), (CoFe/Pt),
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bet ween about 2 mm and about 10 nm e.g. between about 2 rim and
about 8 inn, between about 2 nm and about 5 nm or between about 5 nm
and about 10 run [0066] While not shown in FIG 2, in order to
increase the bias field on the free | ayer 206, a nagnetic |ayer (e.g.
a magnetic layer with a high nmagnetization) may be 5 arranged

bet ween the fixed nagnetic |ayer/structure 202 and the spacer | ayer
208. The (fada®t) or (Cayiél), araysipde hy@h&ng&m(;elgpdwfeﬁbnvyilhﬁnu&meeﬁ)md,lo FePt

magnetic | r ructure 202. The qggqfhlc | ay %@plude but .not

i ted 19 ERbaPEL T bAOTRSHERBTVEGREFE biS BREGREORCEREBIAY] JOGHIOHhe
magnet i ¢ drieirh@is a@qdowq h@nmag&i ﬂh@!‘%@o/@d? mﬁﬁrayéram@m?) ﬁﬁﬁﬁd}@ﬁ%é n
10 between the reference and the free | ayer spacer

Faver 51 helds, mekingnd € oFape: mi et tbet(%léqﬁl’d)h@uhémr ondie (Cales,
204 an_;d tIHl?ltli (»Jrl?e\((? & rgzgﬁ bet. 9%31%%@5%5}9 rhc &é %fah%h o H"b?lgyeq%?rh tuFe

and non- nmag ne 1’um oxi

t hi cknes shamfngtneﬁmzehyerajfdm, Feaﬁd mcharaﬂpa:meﬂw, fﬁ'ldl’lﬂSECﬁidJlﬂydﬂ'&)f (PAIRH 9nd Ni
whi ch may have |ckn ss..of bet ween about. 0.5 nm and, about m or
15 it an Yk O TR (R ehale B PR e g B e R

0.5 nm arielcla@@(coﬂ?d)gl naf sqayeas 6006 i hrigée aRbd R witRY 'l't@kis%f'P@}’?é 5 lﬁlager
copper (Cu) which }édrave a thickness of befween about nm and

about 6 rECUTEEE(CoRdEIic: (Go/Pd/Re/PHCHRIEPPdCo/Rd) pra{%s/Pfﬂ)lm opil adayers
fieldfromdhed e&eﬂteggagafwﬂtﬁ 1'5%’ td SPQUE %%%ﬂg{ g@%ﬁag mayef

206, V\,hllethearow ustr esthé i as
r ef er encd00@M eks 20hoodinifing fmcampleﬁ)aerllm@t&ttedl' herE]‘G)r 8, thé]efi)tndamagnﬁicd

220 from,t he netic er/structure 2 may offs t he bi
220 o S0 eilndtig RS e Bl PUGE s R P SRy p sk Toytpe g s
exanpl e, lafes PoRSnlitwb decd 2@ 1@@&610@56@ skuld beafprecededmaN@E afrangement or
| ayer/structure 202 on_the free | ayer 206 nmay be | arger than or at

| east suldosiions of the twg fyst keyers 80%%ndetwlsmnérkfeyeﬁ%03b ﬁ@y&ea%telrch@}gaalzzz
gener at edc Ry drhife 16 ffﬁsms rzéb &a Qge&mté&; eﬁ,{a\gﬁng&mesf &Qﬁwo[sggé%l

VWile FIG 2|IIustrates hat the reférence 4 1s arrange
beneat h tlhgers 2Q%d Angn@taumﬁlft, aper o5 theuwouiinet E@@s aA%k trag Her@ball §e) and

206, t shoul t t the fi t t
208 1, 8L Re, AR RLSEhey BEpl o, RIS OB
free | aya’trsth@ers mBQQﬁﬂ)]twb rseogidi lay@®,208b, it @héll beapphisged that tHehfxed

free | ayer i s ananged. or sandwi ched jn between the_ fixed nmagnetic
| ayer/ st rlﬁ‘t&“t‘j?%iaiﬁfé“‘?a}ﬁ%‘f% HE maf havegpe nymheof ppdirsy lﬁyeéh%%admd the second

20 layers 203b. The thickness range of each of the first layer 203a and the second layer 203b
may be between about 0.1 nm and about 0.8 nm, e.g. between about 0.1 nm and about 0.5
nm, between about 0.1 nm and about 0.3 nm or between about 0.3 nm and about 0.8 nm.
[0062] The thickness of the fixed magnetic layer/structure 202 may be between about
3 nm and about 30 nm, e.g. between about 3 nm and about 20 nm, between about 3 nm

25  and about 10 nm, between about 10 nm and about 30 nm or between about 10 nm and
about 20 nm. The thickness of the reference layer 204 may be between about 3 nm and
about 30 nm, e.g. between about 3 nm and about 20 nm, between about 3 nm and about
10 nm, between about 10 nm and about 30 nim or between about 10 nm and about 20 nm.
The thickness of the free layer 206 may be between about 1 nm and about 5 nm, e.g.

30 between about 1 nmm and about 3 nm, between about 1 nm and about 2 nm or between

about 3 nm and about 5 nm.
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be appreciated that other arrangenents of the |ayers nay be possible,
for exanple the reference | ayer 204 may be arranged or sandw ched in
between the fixed magnetic | ayer/structure 202 and the free | ayer
206. [0071] FIG 3 shows a schenmatic cross-sectional view of a
magnetic junction 300 of a 5 magnetoresistive device, according to
vari ous enbodi ments. The magnetic junction 300 includes at |east one
f)r a fi xe[(ooaﬂglneidribuk aay{ﬁibﬂ'ﬁlﬁd'n]lc:l;@tthﬂ' ?BefE&ﬂce aiyet Qﬁf$tm@'lﬁlcﬁil'deaa KRERI RP&e
ayer 204, at, |east onpe o re ayer. 206 and spacer |ayers 208
210 whic Hﬂﬁlaémséma@lfﬂ@w@s@% (q'&ilﬂﬁgarﬁ@s&a{i‘t&qatﬂw €rrBoderme Rl 0 6pPY,
FIG 2. 1&% aglhid Quctub® oMBORGHilf el WRElhRNO2R/BS, Q8FEd) gpapr?,n(ﬁem),
FIG™ 2 vali'd for

context of the enbodi nent of may be anal ogously 1

t he magnetGoEe/PiinEelPBo0r. (GaND2pr Treommegite sinectyrarwhiclo hag80®ré thranhare

i ncl udes e ' r r adjace a first side
of the spal? et I AGEH dpb B en s e R AR AL B ol et i P

| ayer 21QFe@nd x?nﬁhhm tl&rp'(Fe/Ilaijhmﬁla]g:r,l glye(ICoB@ﬂPt)ﬁﬁmﬂﬁlf@ﬁd, at afb&‘E/thyxo
a second side of the spacer er 210, between the reference | ayer
204 and tlH%“@ysw q}réai@?&g)zd?“?%&we EHEP & IBYLR ABhiRGErEAMAnEeHde
tunnelin lﬁ%ﬁ@&{f@rﬁﬁz&m&u&m\ﬁhg@dﬂrsﬁﬁyé} dric@) $t ghd CQFQ#&%&&J%;, and a
effects. The spin enhancing | ayer 302 nay be in contact with the

first sidecend e ehBodid pad i regoctiely. obs npelinping extwmes ke Fefgrence

Do07aY enyrap® MGkt [Chybde, GP ROE G Bl 08 SRBRRRY WY SlaehCor

| ayer of Bd;aire. (Fajlager 2Puotobslof - Qo) CoFTo/Bd/CoihiCs/PiiCoPdi0s/Dd), or
CoFeB), f Co70Fe30 t hi hi TMVR as ,CoF

o oni fCOes Bl ISR oo argied e DR J R Ph ot s iy e

rati o corgaat@ebsiod(tdag). of CoFeB. Each of the spin enhancing |ayers
302, 304 mag/"dal so be a bilayer structure including a first |ayer of

cobal t - i rl8fe4dr orripunp ceBpdiments, shes BepAeyer 2P6rmay irchislsl ¢ Sinetn layeope g,

i.e. I(SCoﬁﬁ aﬁgl%?layeﬁsg{l‘ﬂgﬁré%l 6%51}1' glu&@%t!ﬂ: f%f‘ﬂx%ﬂ&i fbg%%%‘??gﬁggﬁ/ﬁﬁl’t,

304 may have t hi'ckness o et ween “about nm and

e. g. bet viedieBADeRit COFaBAGv/RdH @bOuFeB(CuiPt)hevhwex atagule @nyl integera et
about 2 n b tb enﬁgbogt 0.1 run and about 1 nm between about 1 tun
and abouter’%mﬁ% \éﬁ"ée[e aBout 0.1 nmand about 1 nm or between about
0.1 run goo65)hiet mgrdtid Munofisn MHVO- fuithed indGideX aNPh&s layer PN 2 EMBAGHLEY

| ayer may be a single 30 | ayer of CoFe of a thickness of about 0.1 nm
to about laveD 3§ alaargﬁii i PR R RRLY H‘G ﬁéﬁiﬁemagpetlc layer/structure 202 and the free

20  layer 206. The spacer layer 208 has a short spin diffusion length so that spin current from
the fixed magnetic layer/structure 202 may not punch through and become involved in
free layer switching. In other words, the spacer layer 208 may have a spin diffusion
length configured to or that reduces, e.g. minimises interaction of a spin current from the
fixed magnetic layer/structure 202 on the magnetization orientation or switching of the

25  magnetization orientation of the free layer 206. The spacer layer 208 is a non-magnetic
layer, such as a conductive and non-magnetic layer, placed between the fixed magnetic
layer/structure 202 and the free layer 206 for separation, e.g. tantalum (Ta),
chromium (Cr), palladium (Pd), platinum (Pt), ruthenium (Ru) or other materials. The
spacer layer 208 may be referred to as a metal space layer. The spacer layer 208 may also

30 function as a seed layer to grow the fixed magnetic layer/structure 202. The spacer

layer 208 may have a thickness greater than 2 nm, for example a thickness in a range of
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may be a single |layer of CoFeB of a thickness of about 1 nmto about
3 nm or a spin enhancing |ayer may have a bilayer structure of
CoFeB (thickness of 1 - 3 nm / CoFe (thickness of 0.1 - 0.4 nm. It
shoul d be appreciated that each of the spin enhancing | ayers 302, 304
may not be too thick as otherwi se the crystalline structure of the
spacer |layer 210 (e.g. MyO crystalline structure) and the tunneling
mechani srbemagenz@oattangadd about @6 whi, iepgbéttveboatit TR SidgbahtS nh 0kébenl N
various enbodj ments for nultilevel STT-VRAM desi gns or applications,
a plurali? Ui T 2 abogyy 8 nen RPN FPONi Sty 2ahePost Kl fal ity of

magneti ¢ [ofye} ' whild SLELRAGE ih AUET 2, (B Fder2%incRAY @le biaX GRIITRANGE | fFee

| ayer/structure (e.g. 202)) may be provided for tuning the bias
fields orayd@Opl amaehetic loberf (ege almygnetic [Bbadiinehigh whgnetizatieon) may be
junctions t I r M. (e, A 1= applicati ons,
havi gt s bsel ine b et Sidhur O s e BF R 268 1%
descri bednygnktic inkenende &HehidgeSoudled avith theOiked] midnQic ayshHanknae 202,
schemati g.cross-sectional Vi f a netic junction 400 of a_ .
nmagnet or e es‘i“P%’?é"“ﬂg@Yeéé?ayaH‘G B%Hb nPgﬁg%fF‘% SuSOREE Healted or aalt-iron-
magnet i ¢ Yodsteddo®eBA00 i ncludes a fixed magnetic layer/structure 202,
a reference |ayer (RL) 204, a free 15 layer (FL1) 206 and spacer

| ayers 208067 {lhewmgnetigaijingiona 0@ deghear baeluiles 8 hwacesnlestt 218F arrprged in

enbodjme E id4iQn, i GroJ ion 3 as
Socr I e gm0 e TR BRI 203, 901 206
respect i vadgnetimyajee darall dgowsny the atefaterfcor laydre20vagne tthe fjed niayéroTNEA G&.
[0077] The ma?Oneti c.junction 40Q further includes a fixed nmagneti.c

| ayer/ st RS (?CBJ. 23 B IRIPEUTR e AN Hralf TP Gy By els t F-e ' TREEFSIAD2

whi ch mayoxi® (M ShitRGREE hével AREknSEs’ HChbdHEerN BN Y. Pndi atR0about 2 nm,
magneti zation orjientation, and a free |layer (FL2) (e.g. a second free

magnet i ¢ Auyep (A1 ethishayavipe arhicknasngf brsweensdpet Grdgmeand bpetyleqm, or
Strucisur &;ehiayhnaide (;’t%,l)aoh{i&l b held Eﬁfi&ﬁ%ssoéf %@\Lﬁeﬁl‘ fut 0.5 fun L about
magneti zation orientation is changeabl e or swtchable between

di f f er ent2 wni entatondustiverandt minaimagiiklie lfyex.edgnagppet i(Cu) svhish/ mby bhateime
25402 may, be or include, a static fixed magnetic |ayer structure.

[ 0078] Tﬁgwg‘?e)%ﬁ{%ﬁeé’ﬁlbf?“ﬁe%%ra?‘gf‘k?(%[sﬂﬂne 202, the reference |ayer
204, the [00683 thaBley R0fe drfoey DRXdNudmRERethi bikaYield §bmUtHeUfigedd Bagrdid
the free |layer 404 may be arranged one_over the other. As a

non- | i i tIPYFSERAHEI202 am e frpcilnysgo0paylile theaamamne2? ilistiptay ghe himy fipld
206 ig arfangRdefoRonleld e (gv}ﬁthlfe 'f?é@@ay@?g(ﬁkﬁt’['h&ehﬁé(,?é{ ggag Hel8 frgRNd

the reference layer 20 Ile the tree |ayer
arr anged fixgd buegnstie layes/'stuctad J08gmey ioffsetather Bist Mkt 222 OP tencftrbese

referenceg_la 204. . 079] .. The fixe eti r/ structur,e 40
ind the. rrsB P o8N et RRGER0q 2y Cheile P DR il P ReBIA IV HE 55,
magnet i zahagastioNayentididnes 102 oh e tficenhyal 2@ achyl be darp@r fRAMICE Rast
direction ESI(S e. perpfndi cul ar  ani sot rtgp%), for exanple in a direction
at |east SHBEVUAHY iSEIIA PG &) Yo bips ieth d24 griahuer By thgreference

i nt erfsacqqayd- 064 6X AR 18R 20,7 f ace

[0069] While FIG. 2 illustrates that the reference layer 204 is arranged beneath the fixed
magnetic layer/structure 202 and the free layer 206, it should be appreciated that the fixed
magnetic layer/structure 202 may instead be arranged beneath the reference layer 204 and
the free layer 206.

30  [0070] In addition, while FIG. 2 shows that the free layer 206 is arranged or sandwiched

in between the fixed magnetic layer/structure 202 and the reference layer 204, it should
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5 between the free |layer 206 and the fixed nagnetic |ayer/structure
202 or the reference |layer 204. [0080] The magneti zation orientation
or direction of the fixed magnetic |ayer/structure 402 nay be
oriented anti-parallel or in opposite directions to the nagnetization
orientation of either the fixed nagnetic |ayer/structure 202 or the
reference 10l ayer 204. [0081] For illustration purposes, each of the
magnet i z albd ijr@dizitﬁhtlﬁt bthas aﬂﬁn@hfeﬁ@tdf&h@ lz@'farstl’ﬁey bt yeshibiegbe kkdinple the

| ayer/strugture 202 the r erence | ayer 204, free | ayer 206, the
fixed nagRerTee 1Ay i F’G}fell?r grapged é’ﬁoPa{l%"élC]F‘?deél siyiepn Ay lixgd magnetic
repr esentﬁper}g*u&tgl% J005RE file VR 18- 086 W thin the respective layers in
FIG 4, oint in an upward direction or a 15 downward direction.
As a non- HOH'ﬁftEIﬁrg 3eshawp lassch@natic er0$srsegtsqnahm@y efhamaghssicringgiioni 308tdfan
orientati 1 h r.en l 04 the free |ayer
206 aniﬁl1 tlﬁg&\‘eﬁé%sg%uggg%wggf Cg%dn o Hg%(ﬁus ¥ dﬁ1 %‘l rec rgn i JUéwttlchne%
magnet i zaihbludesoartumt ahd ons figed diagmicllmfsmﬁcmlheom atdéast’raﬂeﬂei h €eference
Iayer/struct;&0 202 and the fi ne icla er/structur 402 poi nt

in a downWdF 04 pidetst oRe Oze[fffeéaqer apdl Spapen iRy 208, %?y‘éf ek mpaycheudse

402 may bes@itelafnl ehef borskenBOARL bxﬁb&ﬁhﬁ@ﬁt §f rFtht or &y f@mm ahé\magﬁaidﬂg
field that is larger than a switchin of the free

[ 0083] | nupetion@dy ag Aesstibereintthe cantrxt p? sbe@nuba@n@m of Hlgy2 nnaythe@ealgg@shm
b ; mul tilayer structure of (Co/Pt),

?ac)c/)/ P&, ‘(b”l"fg%ﬁ)l‘ ﬁi%#g%ﬁ?&t?%o@é/ Pt). 25 (CoFel Pd) or (cg/ N), or a

i |1 gglcgplt ameTZ]SIheunagméc junctjon 6?0 further i’pichidi;sggj Bpiﬁrl%aﬂidc;r%rlajcerﬁsmiz%lﬁggﬂr

a CoO OSI e ruct ure

Caver 1 et i TERCRIR ot S5acttBy e en ot Dot ey 204 td (heoret -

mul til ayeayertthe, dndenbiher sp ﬁ'bﬂlﬁh&lﬁ% er 30’433.1’&1554&3 ﬁ)aceﬁﬂﬂ)%‘sl&@iﬁ@rmdeto?%e

(CoFe/Pt)" multil a er, the (CoFe/Pd)" multilayer or the

mul ti | ay ePaqanfiee 240 hepvase thgmiplerprcsdever 28hpnd Helsoarst Jayer élrQalf@lt gragpleg

bi 1 ayey Shradfiolt EntBBolPhBbidd hbditlorddSE PR Una R Bif RS, Grage (SID

respectively, a secon yer- o espec

non- | i m taffegtseﬂaﬁmjlmsnhmhegﬂweedOZra@mémiin cbhaty@rwitht tha dirstrsédeddf2herspacer
|nclude(Co/P f ayers of ane alternately with 5.

| ayers. of o 21p 308y sp R Ghinthe PRI iR e By ool the'tebohide of
( Co/ Pd/ Cohbslacer 1kehrGo6.Pd/ Co/ Pd) , or (Co/ Pd) 15, of 15 layers

[0073] Each of the spin enhancing layers 302, 304 may be a single layer of iron (Fe) or

20  cobalt-iron (CoFe) or cobalt-iron-boron (CoFeB), for example CoyoFes to achieve a
higher TMR as CoFe has a high spin polarization ratio, for example a higher spin
polarization ratio compared to that of CoFeB. Each of the spin enhancing layers 302, 304
may also be a bilayer structure including a first layer of cobalt-iron-boron (CoFeB), and a
second layer of cobalt-iron (CoFe), i.e. (CoFeB/CoFe).

25  [0074] Each of the spin enhancing layers 302, 304 may have a thickness of between
about 0.1 nm and about 3.5 nm, e.g. between about 0.1 nm and about 3 nm, between
about 0.1 nm and about 2 nm, between about 0.1 nm and about 1 nm, between about
1 nm and about 3 nm, between about 0.1 nm and about 1 nm, or between about 0.1 nm
and about 0.4 nm. As non-limiting examples, a spin enhancing layer may be a single

30 layer of CoFe of a thickness of about 0.1 nm to about 0.4 nm, a spin enhancing layer of

may be a single layer of CoFeB of a thickness of about 1 nm to about 3 nm, or a spin

18



of Co arranged alternately with 15 layers of Pd, i.e. 15 bilayer
structures of (Co/Pd). [0084] As a non-limting exanple as
illustrated in FIG 4, the fixed magnetic 5 layer/structure 402 has
a multilayer structure or two bilayer structures having two first

| ayers 403a and two second |ayers 403b. It shoul d be appreciated that
the arrangenent or positions of the two first |layers 403a and two

second | aydasciddBiyernmyy hevd abiayeh ﬁtﬁigmb lo@ CoEaB ithedknéd e ftwo 3 frinf)st CoFe
| ayers 403a i s ar nge alterna vvlth each of the two second

| ayers 2008ekRsS 9 Oy gm). eléé d vermepiegaier; ha eqchyadrthe 2p)B £nhenringe
cobal t ( Q‘R%elﬁ?@Z 3 xﬁ‘ﬁpﬁbtq;e tB&‘ﬁn&l&"@s SSRGS th@}fﬁ&l%llﬂig%ﬁuémﬂé 48he s acer

pal | adi um lustrates two fi'rst layers 403a
two seconldydrai}e r(ggleB@ cryatalhmmmmb@ ang phrecivnzgliod ndehanig ena{vlbmuanged

magnetJ c tif .H[g 402, may have any nunber of the first |ayers
403a abjnd secor%%llg&%r gg% [0085] The thickness of the fixed

magnet i c 08y rms\talhuast ambodlﬁﬁnﬁaﬁar ?mltgletmr-mm Jesikdns mmbappldcaabﬁﬁ,lta
30 bout 3 pm an out 2 m hetween about 3 nin
and aboutpqi‘@P ergeet &% PO OE PIYYdhsh AR aglcs{]ttmg maEnghic BuemdEeramsut
10 nm andaahe . g 284 %&Bﬁ fikéd ﬁ‘lﬁ@ﬁéﬁ l@;rer}s{?ﬁct{ure% gl Qﬁfﬁ? Ao d Bbvided for

bet ween about 1 nm and about nm e. bet ween "abou nm and about
3 nm betiwpiag thibbias figlds gn ﬂzmdmabmf f;zeerl@wrsa Engwdipeents aﬁmgnesc fumctiond

Fi xed regae AP &7 STF MR e BT E AN SAioHE il e 205 PR Dl

arrange nmtmlummdg examplte wikhhew be ﬁ%ﬁbed with asferents: te FDGEI 4t s, t h e

f I | ud le | lurality of
The 11 on DAY SHRGS richauierpSoRianhTieuc Py Mesis Torsdis B E b
CoFeB/ CoRhagrieRIr@BhitE e, Yacrdiag e BAi R/ dRtbbdimMRe Mhe ndFR¥IOBn&N 400

i nteger, for 25 exanple between 1 and 15. The free | ayer 206 and the
free | ayercludes pefjxedapiagedic Luprstmetu fo)érénltefeawanlgm(ﬁIs) ab/ orfree

mat er Sal S‘laye[rgp@ﬁ}m hﬂ%d f 8151 @C%fép\gh%ﬁ)gn &g{ sdrﬁ')% ﬁg@% é:@?t%%a

| ayer (e rd space yer arrang et ween I'Xe
magneti c thaymbb@tneub@ﬁjﬂéi 41021 adliticn ¢hef meglehaytmctldﬁMZOOT 60 apdeseribddaiper

from the TF xebe Tt o R 66k R o Aos el P e g R R A UG

becone for the magnetic junction 400.

I

[0077] The magnetic junction 400 further includes a fixed magnetic layer/structure (e.g. a
20 third fixed magnetic layer structure) 402 which may be a hard magnetic layer structure
having a fixed magnetization orientation, and a free layer (FL2) (e.g. a second free
magnetic layer structure) 404 which may be a soft magnetic layer structure having a
variable magnetization orientation, i.e. the magnetization orientation is changeable or
switchable between different orientations or states. The fixed magnetic layer/structure
25 402 may be or may include a static fixed magnetic layer structure.
[0078] The fixed magnetic layer/structure 202, the reference layer 204, the free layer 206,
the fixed magnetic layer/structure 402 and the free layer 404 may be arranged one over
the other. As a non-limiting example, FIG. 4 illustrates that the free layer (FL1) 206 is
arranged in between the fixed magnetic layer/structure 202 and the reference layer 204,
30 while the free layer (FL2) 404 is arranged in between the fixed magnetic
Jayer/structure 402 and the reference layer 204.
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involved in free layer switching. In other words, the spacer |ayer
406 may have a spin diffusion length configured to or that reduces,
e.g. mnimses interaction of a spin current fromthe fixed magnetic
| ayer/structure 402 on the magneti zation orientation or swtching of
the magneti zation orientation of the free |ayer 404. The spacer |ayer
406 i s a nonmagnetic |ayer, such as a conductive and non-magnetic
layer, plmporel et veed mitefié Xegk/shud@@Ned] Gnl afher fr&d Nayet WR A angh
the free |l ayer 404 for separation, e.qg. tantalum (Ta), chromium (Cr),
pal | adi unicsgsasive prarstis sy mey (cgumpgKiigaHoprRIentstion op diresiigng pligned . inFhe
spacer | . : ey C r .

2 Ehi cknababer ARl BkeIRKR § g e RRC b, Lr BBy Gt TR
bet ween adwbstantiallymezreddigbletuto 8 pranpe doftadelen am derfacg, fomeamoplalouttefaced m

Punct ion TROOCRe AP TR 12088 ar Bk P B rta v agBar v Bt

the referlapgeohayer 204 and the free [ ayer 404. The spacer |ayer 408
is a nonnagnetic | ayer pl aced hetween the reference | ayer 204 and the

free | ayel008lalheor megpriivaliqnon origlielipnason ABALOBNdelct thee e magnetic
non- magnet{&/shantle 409- fray "BANERLID 91&1-9&1641@92 impﬁag%i@mﬂaams %o, &

t hi ckness of between about 0.5 run and about alumna (

whi ch maymagnetizaion lericiinkesofgfithbicthodized mbgnetic Gaysr/stmcame 26bauthe Peferancer
titaniunugx%§§4(T10.) whi ch may have a thickness of between about 0.5
nm and abolt nm or a conductive and non-magnetic |ayer, e.g.

copper ( QOpswtice illusmytitap@pases hdack R€sie hglatmweanrahatbnor difctogs of
about 6 r n. Fl 4. the arrow 220 illustrates the bias

) 090] |
field frd ntﬁPfE fraghefloagsratpgure 02, hereiapncgdpyir 09 otedres rers 308 the
| ayer Zo%xe%dgﬁeﬁ@ﬁyéfsfﬁ%%%ﬂalhh%ﬁ%%%r%ﬁ@, a@;réfr?esfeﬁt%él dy iﬂqu%ﬂe_@t?\ie

reference | ayer 204 on the free |ayer : erefore, the bias field
220 fr om areavst witkig thegeseestive|layesy is FHacd.uney pomt pmypn opfvewst dirdsiobioas
field 22 . ef e A naihe firee | r, 206, For.

exarpl’e, RE Bradty S A EREIMIFR Stel FIG AEG T iBincibhion
| ayer/ st rarchtatien? 02 divectiohe of rtee réfaynce RO&r D@y the ftearlges A06ashdotheafiee

| east 25 su antially sim/lar to (.Q qui valent to) the bias field
255" Genar AT a0b POt FHBHAN Ca Ty Stz e IR iAdoRs oBrections

[0091] | nofardlfikddonagreli® 136l ictha202 ddshé Bk&PmbhRPIA S/ dhehee fd0p8ifhe
fi xed magnetic layer/structure 402 on the free Tayer 404, while the

bi as fieﬂﬂa@QWHF@GHﬁﬁﬁéomeference | ayer 204 also acts on the free
v 30001181850 B e L 11E0, EOTRL NSl A BARH S
| ayer 204tmptutchdatinge baitehingl G4ld Bot ieXagpl ¢hant hewiichiag flictd I 4RO free
generateqaﬁ%4bge fi xed magnetic
[0083] In various embodiments, the fixed magnetic layer/structure 402 may be a bilayer
structure or a multilayer structure of (Co/Pt), (Co/Pd), (Fe/Pt), (Fe/Pd), (CoFe/Pt),
25 (CoFe/Pd) or (Co/Ni), or a single layer structure, e.g. of iron-platinum (FePt) or L10 FePt
or L10 CoPt, or a composite structure which has more than one single layer. In various
embodiments, the (Co/Pt)x multilayer, the (Co/Pd), multilayer, the (Fe/Pt), multilayer, the
(Fe/Pd)x multilayer, the (CoFe/Pt), multilayer, the (CoFe/Pd), multilayer or the (Co/Ni)y
multilayer (where x may be any integer) may include a plurality of a bilayer structure
30  having a first layer of Co, Fe and CoFe respectively, and a second layer of Pt, Pd and Ni

respectively. As non-limiting examples, the fixed magnetic layer/structure 402 may
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| ayer/structure 402 on the free |l ayer 404 may be larger than or at

| east substantially simlar to (or equivalent to) the bias field 222
generated by the reference | ayer 204 on the free |ayer 404. 100921
Therefore, the reference | ayer 204 may generate stray fields (e.qg.
upward direction 5 fields) on both free |layers 206, 404, and there
may be a respective fixed magnetic |ayer/structure with opposite
magnet i zaintlode (Ca/Bajt,atfiSdagers of Chatrargfed athenatelfyeridns éayesydPd20d 5 bilayer

adj acent or jn pr.oxim.ty t r i fr | ayer, e. th i, xed
magnet ¢ FagtPeeEol &< Botp Y CRRRIC kT ol ieaPHy bk ol 2645 Jierse
the fi xedoff@O4iRinkEd Alyeidl$ WithabUhRIAODd, ﬁe.al@ibﬂﬁﬁﬂtsu'&&uxfe@@f(fdo%zl ayer
404. Therefore, the bias fields on both free 10 | ayers 206, 404 may

be tuned.[098Ho% aagopilimitpg aexagpie) aF| dustpted He Rifrbér tbe fixedeanagnetic
magnetd c -2

number’ of "o EbRbie iR Rl Sl S0 Sy TR N AERE B bty
FIG 4, ilayas d@¥a and twncemad dayelsed(3bal$ slidudd be appredived theethk ayrengeR @6t ora
magneti c | ayer a netic.layer with hi g neti.zat i on y
be 15 arihet Gef mE AT s it iy dkrodeTufitibab R s S eene.

t he spaceBachayfehe 208 firsteyd¥Rg0Rt isCart-a¥el al@Hatbl§ WiE BAIROET G0 Uivbadeopdt h
the fixed magnetic |ayer/structure 202. In addition, in order to

i ncr ease 186 AP3hs 4 @1 exagwle ifecl peie) trpdiirsiylgysrs 4% Hey berghalt (o) ander
(e.9. 102 TGN BF i1 tWB%ElonWi1LyRrLa 0¥t Iha RO HalieH @Z%WFR? @ﬂﬁg&ﬁé‘sdtwo

bet ween the fixed magnetic | ayer/structure 40 e space ayer
406. The fmaghwens d0Bayed twaysebad RPere ¥dblanig shodd bieeappwictated: thet fhexxkd

ti I ./ st { T t ti I
el ade BURERRGE ThFTERT 302 mekilft AERAFkbHey B Meouter Y oromd
(CoFeB) . 13409%1BbFI G 5 shows a schematic cross-sectional view of a
ti | t] 500 of t i sti devi , di t
vari ous. dHIH T biEkmerh of the dives mespiic PrpTFuBiorai? WeY B AFMAR plopu e
magnetsi C drBed it $OBmOL. o Rew AR HhIMERh aRd abduB20 AP BEWIRY 2Rt 39m £

described in the context of the magnetl c junction 400, except that
t he fi xedibaaighfenncbatageanrgbout Lt nmragd 20outi39 nnept besederbgboah b esrand about

ref erenc ( ]| e _qr include a static fixed
magnet i ce%da%%'?f%ettrﬁtcc ﬁ?g?thg},ﬂaeq%gﬁﬁ%xgoteib? eéeir/lear&)ﬁsftﬁ rrﬁn&talﬁé 35?1113\%% a
fixed magnetbemadch aboudl inemnarat dbont 3 fuaf bétweardbent Eainand kbqalall &l bebiednn
an oppos J rect(’ilan tg the magnetization orientation of the

ite
referenc@tl’P‘é Rm SR a0 Ohat t he spacer 30l ayer 208 is replaced by a

spacefp | quese] A4 ﬂxté@tmalgﬁetﬁ: IR/ FRERRII00 ah@ VR fixch ndea iRl MREActhRe102
reference layer (RL2) 502 and the free Igf/er (FL1) 206 for

separ at | gpay kavg thegsapgpr diffessng agensemenis andlonmatgtplet i ¢ | ayer of

oang anCEIGE Ve HBLAMCIRY MEKE: Boykh BEIGEP iRjydic) MRER AoeHb: &
bet ween ghauality®fkyesnThaftfeabgert402 may iacludé bamotimtxd BeCAFEBOC) FalbyFeth,

may have [ e etween ab o.M and about. 2 nm, or a
conduct i V@oﬁgﬁé&#gh_%%g%{;?{g Jed g?@%ﬁ/ g)(?o” B pEhere EuimaxHh G Amiesty &ra
t hi cknes sxempRafenR@n 1a0auts. Zhe fRe@RFeddBUind Ghdite BersiRWhY KhvE R safthe
the reference | ayer (RL2) 502 nmay be placed or arranged on top of the

magnet i ¢ qrdHErens grgegyments and/or materials.
{0088] The magnetic junction 400 further includes a spacer layer (e.g. a third spacer

layer) 406 arranged in between the fixed magnetic layer/structure 402 and the free
layer 404. The spacer layer 406 may have a short spin diffusion length so that spin
30 current from the fixed magnetic layer/structure 402 may not punch through and become

involved in free layer switching. In other words, the spacer layer 406 may have a spin
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[ 0096] In various enbodi nents, the spacer |ayer 210 may be repl aced
by a spacer |ayer of tantalum (Ta) or other non-nmagnetic and
conductive materials, e.g. ruthenium (Ru), 10 palladium (Pd), or
platinum (Pt), to reduce the total resistance. 100971 In various
enbodi ments, the reference |ayer 502 may include a single |ayer
including iron-platinum (FePt) (e.g. LI O FePt) or cobalt-platinum
(CoPt) (ediffusibh Bn@bRPh{igwored & dithayetucsd, eigc minimises irmerattichidf a)spfn current

structure,. of Co Fe/ Fe/ Pd CoFe/ Pt)), Fe/ Pd)
or (Co/ Ny Sth Cﬁ“@d%r%é‘i“i(é‘ bt 2 b R A bhe! 9 hing
singl e | ayfethe rhdin¥iddatiOn SriehtRs SEME Srect 1BFer(408] Fhd s¥acildybd 30Els 2 hhR
(Co/ Pd) x multi I ayer, the (Fe/Pt) x multilayer, the (Fe/Pd

mul ti | ayeRagnetie lgyen Fagipasa sondurties ad nqnh@ag@af:éam)maw Ibf:Iv}eay e Bred
the (Go/ Nhagsl H&'ll&}‘el'/QtYLﬁ:Eu:é%Qraﬁd)ih R nag,e@% eyt glra loﬁmqg &%L@%eg%&

plurality of a bi'layer structure |rst
CoFe r espacaminel (Cr), amtla(aume(d’dh@htayaar (Raf, rethenich éRuj di otherspatertials €The.

As non-limti e Ie the, reference 20 | 502 cl ude
(Co/ Pd) 5, SPB‘I“E%I%?Q% Wtz 2 tPI”E‘IF@%éfeaIef g‘?%f éI“y % mBLe %{I’éﬁl%eséfmlﬂd
i.e. 5 b'lhﬂgﬂfb%f\ﬁdéﬁfaﬂﬁlﬁsl 1@h abMdae) 0 nin, 8.2. between about 2 nm and about 8 nm,
(Co/ Pd/ Co/ Pd/ Co/ Pd/ Co/ Pd/ Co/ Pd), or (Co/ P ) 15, of 15 | aE)/er s of Co

arranged BSfvenRhewAnmpndgaboyt b ajgrdegeepgboyt Sam am! ghop st ructures
of ( P 8 I

fiel (cj:R/f r g[rx% t%gﬁge#gé&&geﬁpg&& h@%;@ﬁ#gg%ﬁ% % %ﬁé{raitagé %%53 agilgg% fi hlél
refer encebeIt\agﬁarthSIiﬁelha@ layt:mltj}ﬂIeemklzthe fron layer ¢dd. a”.IfhecnpacteInéayer 40® pposot-e
totherranet tlon 19L atlo t he refer er. 2 |as
el 0 on RGeS dbver BRI T Phin) Bscteriifvg, yffadtihand b dichi e
fields f I‘s@ﬁarhﬂibh r afcr ance h(ﬂy@j’ndﬁcﬁ&eaﬁﬁﬂ t hgh-mefetienteel, ay.8l mMihesium

Ther ef or e, (iqh@[@as field 520 fro ef erence | ayer 502 nmay offset
the bias ¢4 owhich ayh Bavees @ 9 We%a%%@nfweahoaparmn

206. for a?&ﬁ?ﬁ@'ml@) thliLfB ﬁaa)aﬁavfe athékée%Q ogﬁa@fea{ acbuby. 5%&:&#{%&?@9& or

| ayer 502 on the free |ayer may be |l arger than or at |east
subst ant i tsaiymgixpde @Og)ovliiok mqmavaaéhmkmagg of hetwbmasbdunt &15dmg 2@d about

generate enc I thefree I As
iIIustra?ze i IhE %%Egguth%dn ber OPC Xed“fa ﬁ?P&H i‘? ?‘s’f‘l%}ﬁ %
(i.e. 402t)11chm,ssbﬁbdm&ﬁxabbaﬂ12mhandlulﬁﬂmesnﬁf free Iayers (| .e. 206 and
404) . For I there ma 5qne fix er/structure
and two_ EITIE) S £ ThE foke die eietmicir b6l FoTobp (wd Bamptic
shownoi N 1)edstrioture R 0Rr #ethetffeel 1Q§5€r%%ewhh@ (R ﬁ«?ovfr heb qllhﬁﬂatteb %hef 15@@ field

| ayer 404, a magnetic |ayer (e.g. a magnetic layer with a

magnet i zdi9m e wgyense layer %Qi’g@dfhbém/éaéﬁl 20fe Thieseéate.rthg hies figld 22 from the
| ayer/str e y
beyeXChan%%h;% nl%gé I%g/ﬁ%é%%e ao\Hr‘%iétt ﬁngflgsyer stT u?‘{c’ﬂﬂr éﬂ ‘4 gélence

10The madaeti264 bayks fromjayen20tidier bxﬁmpie;tthb ibiastfedd 220 gateadiéd by e fixed
(CoFe) Ormgg?lgt?clz tlaj}e{/(s)t?dcturer% gn tﬁe %266 layer 206 may be larger than or at least
25  substantially similar to (or equivalent to) the bias field 222 generated by the reference

layer 204 on the free layer 206.
[0091] In addition, the arrow 420 illustrates the bias field from the fixed magnetic
layer/structure 402 on the free layer 404, while the bias field 222 from the reference
layer 204 also acts on the free layer 404. Therefore, the bias field 420 from the fixed
30  magnetic layer/structure 402 may offset the bias field 222 from the reference layer 204 on

the free layer 404. For example, the bias field 420 generated by the fixed magnetic
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[0101] FIG 6 shows a schematic cross-sectional view of a nmagnetic
junction 600 of a magnetoresistive device, according to various
enbodi nents. The nmagnetic junction 600 may be simlar to the nmagnetic
junction 400 of the enbodinment of FIG 4 and may be as 15 descri bed
in the context of the magnetic junction 400, except that the fixed
magnetic | ayer/structure 402 is replaced by another reference | ayer
(RL2) 602zyssbstrotturead(2nen he fray layec 40denay bt darper thax ed amdge bubstaheylbr

structure f a hard. ucture haying a fixed

mgnot | TR B PPN HIRD R P PR s P pate TSy 20 g the
opposi te filddlegdri4omn to the magnetization orientation of the reference
| ayer 204, and that the spacer 20 | ayer 406 is replaced by a spacer
| ayer 604I0p% Thegeterenba refaighes Pxer|28§7énay gengpte dirpetieldels. o Hpvardiditeptinne

layer { Righa§04 a0l #Ee1hE8SdeaM0N, Qtﬁ-?ﬁere Qbhof 0 asl%aﬁgtz\;é( ?}ga ?ﬂvﬁln%tﬁ

nonconductivé and non-nmagnetic’ | ayer magnési um o
may have layetrhh‘c%nl@smﬂn@pmentmgneabajum ddicbtanomsan dhailod thte r2feramece lyan2(da

(A10) whic y have a t.hi.ckness bout 0. about , 2

AT T s e T R R

about 0. aaj?dﬂs&ﬂﬁu@mat is2 adjaBentOfo ah€ Ofel dhyey €268 IR IR NRtedC nia@ﬁ&fc

of copper (C/ug whi ch may _have a thickness of between about 2 nm and
T

about 6 nAYSTASUEREMHI2 |19na(bﬂ°@1t g the fiee lawrdPdnkherafarpethe bre fiplds on bathyfrese

pl aceg) Orlafdré 86K 804 Afay hBRuRQT t OM of the magnetic junction 600.
[0102] In Vvarious enbodlnents t he spacer |ayer 408 may be repl aced

by a s pad@ﬂ93}a§@lﬂlu$@®¢d indGad.uhe l(lﬁlfaberof finedmngnetn layagsisiciue Gred202 and
conducti v teri rut hen (Pd), or

pl ati num Tayf%n?sganftoq{l%%uT FBF %5 gbé d[% I n various
enbf)didrfer[[)994]t\mﬁlllé' abersme( ih SBISt 4602 ordat ionidctedee meslglelglfmdl ayiethe free

I ncludin pl ati num ( Fe .g. L10Q FePt) or, cobalt-platinum
(CoPt) ( akj"raﬁ 1 MEgRElC | a)S"rrPéi 8b|a|18§9é}et1%8%i‘iﬁt“ﬁ%1ea iﬂ%ia}nﬁ%ﬂefl?%tlé%may be
st rucisur eyrfRhoddodriFben the @(eﬁ’%agn@t’f@‘a'?&&stm@ﬁ% 56D and ﬁ:l‘é':ﬁé% Yayef §@€FeﬁPd)

or (Co/Ni), or a conposite structuré which has nore than one
single | ap@netnp Hyompy be exehigagt spanted withide figed p@gnmllayqr/aymmretzﬁé In

(Co/ Pd) Y

i 11 my ot kel Rl i o Sphd oo B, Mgy lyer

t he (Co/ Nekx arm:ignleﬂuajfe@'er (vither Rigk mmgnebmnanymambewahgemyetweai tlﬂeﬁx':bd

plurality of a er strygture havin r yer of, Co, Fe and

CoFe resp® ‘i‘}gtnl‘eg‘éltf G%gthlt?“ﬁes %o?ﬂil }ﬁy%prac%ffEiil 4% —hﬁdnﬂgn?’és lagsery P’\%Iq%?

As nop- | |d§bﬁdn§l BN LAS thd BRed ﬁl‘caglﬁe%@quer/%ﬁ)udt@f)éefw% FRYecti0E hﬁgﬁetm

(Co/ Pd) 5, | ayers of Co arranged alternately with 5 |ayers Pd,

i . e. 5 bi p}épy@nag tqch;@lp llgp@got@mn(e@@p fpplt-ifond CoFe) or cobalt-iron-boron (CoFeB)

(Co/ Pd/ Co[‘b{?ﬂﬂ(%@éipg/ s%g) q/ gic{gx?ﬂql)c ror@ds- Sg%gp%%é ofoa]c Jgg[% e:n@ lgﬂrc%lg fSOS:%f a

arranged a rnat el th ayers ructures
of (Col Pd)lagn[atbt@rkpw deﬁd:e:iaccﬁ),rdmgeo sari@w 62Odinkdnts t[hahr&gnettnejubctam 500

field fromthe .reference | ayer. 602 the free | the
Fef er encd PAYoHMEAS A R E G LR AP AY B cEnedPTahol WLk 4 spe

to thg mege@ibed ah ited cortb:@Nirahe athghétid filchBf #08 Qﬁ@eﬂt AR the? %ed hﬂgnézicas
field on the free IQ&ﬁer 404 may be tuned, via the respective bias

fields friayArhectuss éﬁé@ﬂ#oa%w pothenfrierens hpmdREAL802.aykich ap. be or
Tt oLy el AT S sl eGP e

404. For having a fixed magnetization orientation that is oriented anti-parallel or in an opposite

direction to the magnetization orientation of the reference layer 204, and that the spacer

30 layer 208 is replaced by a spacer layer 504 that is a non-magnetic layer, placed between

the reference layer (RL2) 502 and the free layer (FL1) 206 for separation, e.g. a non-
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20 exanple, the bias field 620 generated by the reference | ayer 602
on the free |ayer 404 may be larger than or at |east substantially
simlar to (or equivalent to) the bias field 222 generated by the
reference |l ayer 204 on the free layer 404. [0105] As illustrated in
FIG 6, the nunber of fixed magnetic layer/structure (i.e. 202) may
be | ess than the nunber of free layers (i.e. 206 and 404). For
exanpl e, ¢dmdu@iw¢agndbeor25mgmetifci bagpct n&gngnésmnh ayxete/ @ﬂg@):twhicsh angl }ta\m a

free |ayegs in t nct i on 600 sho

F G 6 Saphs o bR phhd s YRS SRR 2pt shotne Ui SR ap Bae
magnet i ¢ {hakeéss (OF betwean GBGNEX I ﬁmlaayabowzmn@r fit-@unTBgiae  THRY Wllth nﬁ@/
be arranged between the fixed magnetic |ayer/structure 202 and the

spacer | ajF oekngsseothebiiean; dboph(dmmgpd 3how e Aln §& a confssiae wnd Borhe
fixed ymonetdchic LA%LLE é&lfp@pteu)%ﬁ%ma (H?@a Qlf]feEé Gt bANEL B4 %O%@eﬁhe

but not linited to cobalt-rron I ron- boron

[ 0107] FI&Bou7 6stronds sshewh eimalfiGe Sc;rtbs seferentd biyat (RE2DWH@f rrayrtmgnleceidcor
junction 70(1)1 o% a na#ﬂgtores Stul gtclen Y)I ce, according to various
embodi mentEREFHTOEP THE Rt 18 M on’ 700 i ncl udes a fi xed

magnet i ¢ J089@rihsiarives cinbodifients,ahe efRecliagsd 118\eey kdteplacdDBy aapalchBiver
ref erence ayegl (%@5) 706, a free |l ayer (FL1) 708 and 5 another free
| ayer (FLY)taigym r?rc?Fhetfwenfm%&éﬁlhﬁ%aqdectrvmwﬁ%@ﬁ wet-urthenigm G,

t he rﬁferﬁm@iuhp@@y 3r Flftnund 0By, TBYedde fhe hRAhIdgRAREL i C | ayer structure
having a fixed magnetl zation orientation. Each of the fixed magnetic

| ayer/ st rif89Urla voRua ehbodenentst chemeferehesy daysr 3024 ma0échuly beingle mgr
el Sgetalh o bARRPEIR (5 I LB [Tl oy
vari abl e orl® umﬁgmeﬁn'ruzmd oﬂ aomuRitiyet istictuie. & (Cdikt),nECpiRd)| ZPd/PON(Fe/Pd),
or i ont at1 GREBP: SCRRIED' Goluine o snsesiingrere WhSE IS g dhieone
[0 145 {leioten ate ki inclbe Opciamanes dmpnghiuiites

one over FrREptmdtlayas the (RABd)i m‘-t“idmfl‘eﬂ‘@r@ e/PF)k @ulmawm et (CaFed d)x
that the Iil{ll(ﬁ?ayel or the (Co/Ni); multilayer (where x may be any integer) may include a

plurality of a bilayer structure having a first layer of Co, Fe and CoFe respectively, and a
second layer of Pt, Pd and Ni respectively. As non-limiting examples, the reference
20 layer 502 may include (Co/Pd)s, of 5 layers of Co arranged alternately with 5 layers of
Pd, i.e. 5 bilayer structures of (Co/Pd), ie. (Co/Pd/Co/Pd/Co/Pd/Co/Pd/Co/Pd), or
(Co/Pd)is, of 15 layers of Co arranged alternately with 15 layers of Pd, i.e. 15 bilayer
structures of {Co/Pd).
[0098] In FIG. 5, the arrow 520 illustrates the bias field from the reference layer 502 on
25 the free layer 206. As the reference layer 502 has a magnetization orientation that is
opposite to the magnetization orientation of the reference layer 204, the bias field on the
free layer 206 may be tuned, via the respective bias fields from the reference layer 502
and the reference layer 204. Therefore, the bias field 520 from the reference layer 502
may offset the bias field 222 from the reference layer 204 on the free layer 206. For
30  example, the bias field 520 generated by the reference layer 502 on the free layer 206

24



15 layer (FL1) 708 is arranged in between the reference |ayer (RL1)
704 and the fixed magnetic |ayer/structure 702, while the free |ayer
(FL2) 710 is arranged in between the fixed nagnetic |ayer/structure
702 and the reference layer (RL2) 706. [0110] The fixed magnetic

| ayer/structure 702, the reference |ayer (RL1) 704, the reference

| ayer (RL2) 706, the free layer (FL1) 708 and the free |ayer (FL2)
710 have mapbe hegar treaspet lqasteuhsigmietly simghs yo Gxiequifaleny. tohthg hésifct Zh?n
orientati i I pe cular direction (i.
per pendi cgﬂgﬁgeg%ftﬁ%}elf%%c,e%)!grgQ‘ZP%H{ﬁfa’%egﬁyg rection at |east

subst Fmt | @oH9) A)Si‘ﬂhﬁmﬂg@ ;ui AIG.t %) the Pﬁmnﬁl @fefixeﬂadag%yn%agmitgfc?ﬁ@ﬁfe 102 J
exanpl e an ce pe e ree | ayer an e | Xe
magnet i c ’F%X/g‘?‘ ’&f}l?rré‘ %Eeebléi’%éé‘r? ﬂ@alf‘f‘é@))l%ﬂfé’i‘ar(‘ﬁ@ erp 1pAY-heg

the f I%e%ﬁé&%@ma%nétﬁmsydr&rﬁm%@ d@ﬁee lagets | Erpﬂié Hagﬁé}fc IRQRRBLEat i on

orientation or direction of fixed naghetic |ayer/structure 702
may be orli0¢pRleWhie ot shewn |1@|FI@F 5 rin opgersiot incetiaseeche bias fiekd tonethe free

magneti z r th Ia er (RL1

refer encaita%ge'g? % f}&%@_)ﬂ? (e[go%léﬁérﬁégqﬂef thg %‘nm neg asué)élsj néagetﬁ
of the negrapedbitiveen tici fbrtahagnate biyedtrueiis @0(5 axd tlﬁfﬁpb&rfl&)}éﬁd06 The
magnetic | a er/?tructure 70 t he referg{yﬁ_{eéayer (RL1) 704, the

r ef er enc SUPERFHT 1avel ByayAfsexchipgejouplef Kj ol megielf devergyctusg 402.

I ayer 1o FLRje hafhetidSay@RhAS BRI Uﬂl’n%hﬁmﬂ%@st@%ﬁﬁdlﬂﬁo@g MG opi obiinirbhe
respective layers in FIG 7, may point in an upward direction or a

downwar d @ireedioFgR). As a non-linmiting exanple, FIG 7 illustrates
that the Z at r i ; I,s

magnet | o W 0r 8 shBf 3 Lighitle 03 Bhidhs] e N pRbaiud b d0p ot

| ayer ( FLBjgnétbesptivedevipe, ancarding rtal vekisua cimbodindnitd. 'ht meagn&tic junction 600
magneti zati on ari.en Lons ar di rect of th ref e | ayer (RL1)
704 and ohe Py Bhioahp H3ane s 55 0B0 55 ket Gh o & A0 B Ho
[ 0113]5 Thaesdribeadn 1B OGHtER dFAKE MhaBhEtC furEon’ B0 rmyeﬂ@awae tBe $Mbd alihdic
field that is larger than a switching field of each of the free

| ayers 7dayersectuet0?4p r?ﬁiac\‘ﬁérbiyofﬁ’@ﬂ'@ﬁ{ﬁf@lﬁﬁ@n]tager Rke) 03 euhighy grigthecor

| / st 2

st puct ur ey el e iRy SRR BaBicBier ol ii] HER Haft Bhaftuflbier BHBhns

or (Co/ Nibayvingra fixed mgg@titzajﬁelr orssntagion uhat is erignted hnti-pantg| atin rmnppbefet )
L10 Fe t t t th

one si nor by e kg e iR R e b Frt Qe e

( Co/ Pr) Xayaul406 lieseplaced bﬁa(sE&éP@yemtth&tély@rnonlnlih%nétﬁella?&) laced between

mul tilayer, the (CoFe/PO' nultilayer, the Fe/ Pd)' rrultllayer or
the (Co/ N e ilﬁﬂ‘fﬁﬂawq@é’a Pm%g&ﬁﬁ%l%mb&é@ 4|0ﬂt gé‘?P)ar%ﬁlﬁya ¢-&ct Dele a

plurali thoﬁﬁuc?wE”zinﬁyIﬁ{n-&Bér}éﬁE Y Oye F@wnagw@mm 6§f(§1 _ %lcﬁoma %a@tf‘q

CoFe respectively, and a Second | ayer of | respective
As non- | ithicknasg o€ ketmskre ghout 9ed finyead aha'grﬂenmcalluayw Qﬁle&)whiuhenanvmy

ol e ) Sy LAYEDS, 0 SR B O B e
( Co/ Pg/ Cdiakel/aGhicRaldsCaf I:Bdfv@éﬁ Rédut @5 nﬁC@ridDdl)olﬁ 2 ﬁfh dba lcaydicve and non-
magnetic layer of copper (Cu) which may have a thickness of between about 2 nm and
about 6 nm. As shown in FIG. 6, the reference layer (RL2) 602 may be placed or
arranged at the bottom of the magnetic junction 600.
[0102] In various embodiments, the spacer layer 408 may be replaced by a spacer layer

30 of tantalum (Ta) or other non-magnetic and conductive materials, e.g. ruthenium (Ru),

palladium (Pd}, or platinum (Pt), to reduce the total resistance.
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20 of Co arranged alternately with 15 |ayers of Pd, i.e. 15 bil ayer
structures of (Co/Pd). [0115] As a non-limting exanple as
illustrated in FIG 7, the fixed magnetic |ayer/structure 702 has a
mul tilayer structure or two bilayer structures having two first

| ayers 703a and two second |ayers 703b. It should be appreciated that
t he arrangenment or positions of the two first |layers 703a and two
second | alp&d3 Ir0Bisions entbedinrenes dhmm@felabd:eelayexzﬁOEan&y ofcludaea tsimglef layet

ayers 7oamudiie sk MRRRAte FALER Tub 2%b v EB Hep il G558 epPe

cobal t (Gsr)a andyeea@ﬂncmte bhae ﬁn\d@tl@@ﬁ@ﬁﬁhﬂn&)’@ﬁ @Co7l®t§%b(crmyd)p@wal)l B/ R)
(Pd). @ ? { illustrates.two first |ayers 703a and two second
| ayers 7088F/PD, ol Rpe e Paretpmnogitc ﬁtﬁ'écufw@acm@h@tqr% than one

layer /st r e 1792\!&?@65 Qﬁﬂ@dlﬁ@ﬁ{ts WHQE@J/PQmefPﬂ?a i rtlﬁi:t(fclo ul?

second 30 layers 703b. The thickness range of ach |rs a er
703a and (fh/é’t)s emdhhwraylm (FROBD: nnt}tllbﬁerbémv(é'@ﬁe@ﬁeumulﬁlaiern meaﬁEbFathm

0.8 nm e oMt about bet ween ab
0. nm aniusget 85 B RN SpbialRed MBE R by e e BB ERY 86
[0116] | rplwalityafs lﬁhbathtlﬁemtéhavﬁgai’lﬁﬁf lan gp, BaendDCoFé’lﬂ:sp@h%l?l’@e a
| ayers 704, 706 ma | ude, a_single |ayer including iron-platinum
(FePt) (esegondLlftserFétvt’s Sk a%%lrFSPﬁF’a‘ﬁlihu‘hﬁ ngn-{iEgipty e)(aénlﬁes [heorderenge,

| - | e ,
?rF e?Ptm) qu;e(ra /62% 'il‘:h%ftMElﬁdé)gf@Pd‘i? goﬂ deﬁ%ars o?tdwata%@d ofk 5‘?%4’5%‘% 5 gﬁ&e?&t)

stﬂr) ugt ur é’dﬁ\mft Halgyfm) ﬁtélctﬂh‘eth Oén(éloéﬁ'dig li.e. KéV/Bd/COI’ItdIG?[Pd@mﬁ’ Co/Pd), or
?F efpbneguki%{l’;d;héyoi( BJ (ﬂ%%%‘%%?m a]lt Ltﬁ?te 1tf13cl§ la)(e ti:_yf },gyer 15 btf%yer

mul til ayeitmctlli‘taeof@cFEde) mul til ayer or the (Co/ Ni)" multilayer

(where x y er) 10 in i of a bjlayer
struct ur éﬂﬁ%‘\}qﬂﬁﬁ B tﬂ%? ?‘ﬁf@ﬂ‘f“‘@ﬁs ﬂl—eé’ ?ﬂt“g‘i@gg ?)fté%t‘?e\/]é?’ifé 0258 a
secong | apemie@fayd 40Pd AdnHe NifeleREPRGE! ¥E&) Yas f‘%‘xa’%ﬁéhzlahéﬂ bliBgaore iR RS,
each of or ané tone of the reference |layers 704, 706 may incl ude

( Co/ Pd) 5,0pgpsi Pé%mgmm@@nwawg@@ ofibe aefaeenes tayw 304, tre|bagpdlield o tipd,

o v PS50 Oy e ot e o 2

ar ranged aaltthe red¢rehae 1hBani 204. Th‘efeﬁyy@rthe bias Bdld 620efroﬂ1&hd§)néfa:¢a¢e layer 602

structures of P a us enbodi nts n
oo of - rBaf pisteritag Bibs BeEE373 g M RGeS IRG o oh g 538 Ty 4k, A
pl ur aloi t yexahplepitRrisias Feld f620fgeﬁéraﬁﬂ)by0t'ﬁ€ réfereh &1k E16602 @y &fe5f1e7601§yer74m
may i ncl ude but not limted to CoFeB, CoFeB/ FePt, CoFeB/ Co

CoFeB/ ( CIngye lagger tispopey east prystantighs pignilar fepipr Bftu%aisntlt@htéaétas figlgr222

exanpl e hehueed vi tdreldrce I: ﬂ?tgk‘%é/ A8, 710 may have the
sanme or %'%fferen% arrang gﬁeiﬁgs an / or lrratﬁ1 ?ﬁ‘ff?ﬁs [0118] The nmagnetic

juncti on [90E] fAx tllharat'tChml Eldb 6, dhespaolear df djped n?e@ﬁetar taacrmmcmm Get Qme)n

the fixed ti er/ tru ur.e. 70 | ayer L1)
and a spacgp%nl%set?l Y %glh%fc elﬁyed%? v%egﬂé ?TEI %g’a E’tt we may
| ayerdsst rame tfixe@méfetidnayet/beudnire@nd tiefred lyetd in/the maéﬁe[ﬂ@}ﬂr&hoff lBeo.spacer

| ayer 712 Qﬁi have a short spin diffusion | ength so that Sc{)m current
fromthe [Pt du’t‘legﬂét F]EOW“ay‘érF/IQt (O AR d’r"@er7@2mﬁ’§93%8’t‘3 plan disld RpohigHresnd

becone i nyp)-¥66l 4 tha gﬁaﬁ 1%9&3;@ tglsj\anltl leRY- 1a¢ep“9ttmetg%ﬂ0fg£’%ﬁlenm%n PRAGYe

| ayer 712 may have a spin d sion length confi 0 or

reduces, agaggednbativednsths fixnet enagotiiohyefstacwpd 0% and dmtsphioeo rhaYehéOS iTed

g\?\,.g?gh: (r:lgl A 1%?[ t ucmtalyl'rb% f:?x(c):ganogg C:[Oll}p el % vﬂﬁ]ethe ?}eltlonrmlag%lahc ?z}y%}/slztigurétu% 202.
30  The magnetic layer may include but not limited to cobalt-iron (CoFe) or cobalt-iron-

boron (CoFeB).
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30magneti zation orientation of the free |ayer (FL1) 708. The spacer
| ayer 712 is a non- magnetic |ayer, such as a conductive and

non- magnetic | ayer, placed between the fixed nmagnetic

| ayer/structure 702 and the free layer (FL 1) 708 for separation,
e.g. tantalum (Ta), chromum (Cr), palladium (Pd), platinum(Pt),
rut henium (Ru) or other materials. The spacer layer 712 may have a
t hi ckness[0g0HdilEr 7tdhaws 2 schymdtar cressaq&pﬂmahvkbvi afknemgndtic jandt@nFE0A a

bet ween aboutt2 nm and .abou t?dlm ‘%ﬁ tween about 2 rim and
about 8 SMATACIPEHHEEACUEDHAtee O RFOUSIIROBMEHS or  bet ween about 5

rimand ajpees] THe hiafhetlOhdonThe0 SRAGRS 4 a%ed Mdghel®Ma@dN@ucturs ML 2
spin diffusion |length so that spin current fromthe fixed rrggnetlc

| ayer / st rigierence azfelz(RcFaly TRt anﬁﬂ’ﬁbf? earsdgrer SRR pdorEes et Féd) 798 dndee
| ayer swi zEn]%mep e [y t(bEﬁ) YR, Aich (JGhS 9§8@ [inagﬁ%ﬁ:r lagérﬁstrq@@ﬁré]%f i §R N

diffusio ength con |gured to or that
i nteract |1@f¢remﬁ:e daygrs 1Y0du70@nhay bena thasl ilﬁgﬁctrcedlymagmecttme having a fixed

| ayer/structur.e 702 on_ the netl on orientati hi g of
tho nagnelTRIRRRcrrRiAE: FODe, fE' Fre Regat” lnfd el Hheuh dter
| ayer 714efesende MBAEIALTIE mag b8 or niiyGhclage @sta@diéd in¥enelibTayer structure.
non- magnet i c | ayer, placed between the fixed nmagnetic |ayer/structure

702 and thshf g fr%l@-#eri H&ylgmaybeae sofiyargnerie lyerstcturahaving myqrirhle
chr omgum Iflz%nkuza?i%h lo%ght'dff&r(, Pq theml%tn 1( Ph)sntat'ict# i@%ﬂbﬁg&ﬁ@& S\g{tc}ﬁlhﬂer

15 mat erial's. The spacer layer ave ckness greater t
2 rim fd:ret\eemrtbﬂ‘f@“ela arighieldoesgs statesa range of between about 2 nm and

2 nm and RIS AR PR e B falsh ™ PP i ramatn To” TRETD15T) B

magnet i ¢ efergice tyer (ALK TOb e ﬁleél@rdyvdﬂl&mgi’/‘es)aﬁ@ﬂleIf&)é&ﬁye?@lﬁl,zal’maﬁm@daei n
20 bet ween the refere ce ha yer ém704 and the free |ayer (FL1)
708, and 4ragpedoenie pugy dhe othgt é’tsraa’h%}e ftipesapmaien FlGe’ FIB‘ISE?téfn@’ét Fhﬁfé‘?re

(RL2) 157OQa§f’éi‘CtFU[‘)97f)8‘ @seallrﬁ’ﬁg%ﬁ ik Fleflech e rb@bA&d 1a 1}219 I‘@Pf’)cﬂﬂ lal?y e fY)ge

is a non-nagnetic |ayer placed between the reference [ayer
and t he fm@emayeapr/é(tﬂgm)e 708 wlule thepige dayeo (FL23 7 A ingrrangad in bcm@@rctheve

and non- 2aaTnaneld & LANGLuE B ARG OKL dep{Mily al um na (ALO)

or titani um OXI con i've an gnetic |layer e.g.
copper (Cm;lo]mhe fipal eraghatice taydd@rucara 700 tharegfaehdec ldyay RLD) J0&dthe

between the det Phen i MR, 1 lag o (F 1S 768 5nd e Sreeatar (FL2) 710 have

20  their respective magnetic easy axis (e.g. magnetization orientation or direction} aligned in
a perpendicular direction (i.e. perpendicular anisotropy), for example in a direction at
least substantially perpendicular to a plane defined by an interface, for example an
interface between the free layer (FL1) 708 and the fixed magnetic layer/structure 702 or
between the {ree layer (FL2) 710 and the fixed magnetic layer/structure 702.

25 [0111] The magnetization orientation or direction of the fixed magnetic
layer/structure 702 may be oriented anti-parallel or in opposite directions to the
magnetization orientation of the reference layer (RL1) 704 and the reference layer
(RL2) 706.

[0112] For illustration purposes, each of the magnetization orientations or directions of

30 the fixed magnetic layer/structure 702, the reference layer (RL1) 704, the reference layer
(RL2) 706, the free layer (FL1) 708 and the free layer (FL2) 710, as represented by the
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(FL2) 710 for separation, such as a non-conductive and non-nmagnetic

| ayer e.g. magnesi um oxide (MyO), alum na (A10) or titanium oxide
(Tiox), or a conductive and 30 non-magnetic |ayer e.g. copper (Cu).

I n various enbodi nents, the |ayer of nagnesium oxide (MO nay have a
t hi ckness of between about 0.5 nm and about 2 nm the |ayer of

alum na (A10,) may have a thickness of between about 0.5 rimand to
about 2 nmeypettine dreopesrwidfin thietradpectivedxyetein(FIGOX )mayepoittdi en apwid ckiaesm

of between about O. im.and, about 2 ri.m while t |.ayer of copper

() Ty Had S PHITIEEEST | AB et VISBHITAIBh CRmp e lfid AUGtras R e

5[ 0123] | Hagletatibn otiBRaBdsOWdife@iohd brgt ﬁﬁ&@ﬁaér{éﬁc mt)@ﬁstﬁilcﬁfréj?(ﬁi %E‘Sﬁ'&e
e free

fixed magnetic | ayer/structure 702 on each of. | ayers 708,
710, whi IleyarHELAL 7@%vand she freqitayentEs) tHe mointsinfaneunpad direetina while the

ref erenc L t L ee er 4 [+ QW
72471 1] uapr e of OHentlionO T ARcloRE ol UEleblihed 1F RTELAN SLRY,
t he free refeyace (dy2)RL2) 006 fhieriafaaioenwahkdibicden.f i el d 720 from t he

fixed m j.¢c.layer/structure 702 ma 10 offset the bias field 722
1 om t ne TEHIr s Rty /shoR i O oy Pt aybebpefieh teias Torker
nay of f sehart Hewikdhass fidl@bflealB4f fheTrietfers@BerWNCe | ayer (RL2) 706 on
the free Iilvﬂer (FL2) 710. For exanple, the bias field 720 generated

by Ithe f i R Fagaeeuscembeglangnss, thrctixadenamptio lnverurtiee 702ayer by odileg
Loy ¢ NECisuuERtt BF Pyt SHREARE @t AR dieholraif YeokTRo.

to) t br as generated b i
15 free |(@pEe/PADG, (Cadi),ar atsheldlaps sfrichuat, 720fgengrlairmc [#zPt) bell0 Xelt

magneti c | ayer ructure 702 on the free |ayer 710 may be | arger .t han
or at | eI LT SiPosSaF sffasied it s e e Togle fave” I garies
field 72%ngRaghaisthdlCotiig nigfileyete (Caprey, mdapsd, thbeFdPHanhiagEr, HhtO.
[0124] As_illustrated in FIG 7, the nunber of fixed nmagnetic )

| ayer / st rePdanylfilayer, thsAfCobeflhy myliilawsscthe (aoF B mukbwter of the(Ee/Nik

| ayers (i ; T r : ne
fi xed%nagmng%lilagg?g?{eé% gt]n?%yclt)eu%gy I7nO egr@%\gﬁgﬂi&% glﬁéhiﬁlgil gﬁ éc{%eﬂg Elg&m%
magnet i ¢ Havingta fonst 90 af £ooFé ged CoRerdspeasivély.ednds: secamh layve of f, Pdemd Ni

| ayers 701‘4$peZt9V%1 ar f anged. r.es ectiI\)/eI Y,0N t he toe.f;}_qdyaS t he. botf om of
the magndtiPETThet PoRCTON T PEETP N 108 K Th i AYESERcly Ser
It oi nCE eaﬁﬁudd’l@ob]?cﬁg_offﬁflhﬂrm ¢d‘lﬁnﬁﬂ’gﬁ¢ alﬁéi‘ﬁatb@wﬁ_fh y Q\_&ersj%f I’FEQI&BTSiBEIayer
ayer (e.g. a nagnet .ayer t i netization) my be
arranged Sg'@F%Eﬁ‘é ﬁggﬁgpﬁ}’kéd&%@‘@?@ @Q%@%ﬁgg’g{%? G &5 2P Rl OF ilh_is layers
spacefy | aelo alkdged IRnIBING1th A S LAXA FPRAY: D8 5 BHLNABGR LN @Y/t h the

fixed magnetic layer/structure 702. In addifion, in order to increase
t he bi as [P1Hld\or nhe-liees |exgmple7 29, illustatederin nBl§he?i d¢hd diped ragugtica

MRgNetic ha¥Riudiibyod ik AnlRENE! LARM:ED oIE%ilRFer AL ANLE RaiBE 68 Bk
layers 703a and two second layers 703b. It should be appreciated that the arrangement or
positions of the two first layers 703a and two second layers 703b may be interchangeable.

25  Each of the two first layers 703a is arranged alternately with each of the two second
layers 703b. As an example, each of the two first layers 703a may be cobalt (Co) and
each of the two second layers 703b may be palladium (Pd). While FIG. 7 illustrates two
first layers 703a and two second layers 703b, it should be appreciated that the fixed
magnetic layer/structure 702 may have any number of the first layers 703a and second

30  layers 703b. The thickness range of each of the first layer 703a and the second layer 703b

may be between about 0.1 nm and about 0.8 nm, e.g. between about 0.1 nm and about
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30 magnetic |ayer/structure 702 and the spacer |ayer 714. The
magnetic | ayer may be exchange coupled with the fixed magnetic

| ayer/structure 702. The respective nagnetic |ayers may include but
not limted to cobalt-iron (CoFe) or cobalt-iron-boron (CoFeB).

[0126] In the context of various enbodi nents, where there is a bias
field in a free layer, there should be a nagnetic |layer (e.g. a fixed

magnet i ¢ 0.8yi81; befiwess bbiu@ 00 nd ah@ hB&ie ek loa Betnecivhbdut B HARAG kbt 0.8
magneti zation orientation to provide an opposite bias field to of fset
the bias HPeld present in the free layer. [0127] In the context of

various empqlmahéusoémmhh ﬂt?\éﬁﬁheﬁrl;% r?%{g%% gﬁﬁlb%k%renweyag 7887708 may

free |l ayers may be | arger t an t magnet
| ayer (s)/ lgtllr-ld@aLsmg(esl)ayel\/mwsluﬂnngalwnbvéatumed(FbBt) @¢. BsfeiO FeRs) bi esbattipddtihuon

Junct ion Gab06reet 8 CF TS HirvolitEh Fluhs el R horicoms

t he magneFe®t), (REPHE ISoBIR), EHF=/PAPOr (TOBL), @rfaf@thmsn@ ptmrelvﬂﬂa{ ﬁas
210, 408, 504, 604, 716, 718, nmay have different thicknesses.
In the conPithagmersinglelayerainrasoss enbedimentnghetGal ) metiiayps thed ofPsimo

600, 700, phigayeRiit @R GhullGlald &%i}?@fﬁ%& mifldia s, AETEhE mﬁ\mﬁ , the

context of thé magnetic 15 unc I on 300 may be provided each’or
any one oﬂCOEh/é’dhplaglélﬂa)deayert Q@@NIM()@JIUEW (Vﬂ@rle X71m®{ b?l@y lpt&&@@]mﬁﬁhe

nmagnetor e, | ve r|o di ment ncl ug magnetd c
j unct |} on al?/l%i hg l?‘%I\ﬁ one T xXe Ctr%tag ﬁ%\{ll ﬁf S rl?‘yetr U {3 Ee (agg (Core
202, 402, reﬁﬁﬁt)veﬂlﬁ)anﬂl a\secoantl l:h)&asf PoiRe and Nﬁ'ﬁd’sﬁe@ﬁvel@hﬁs hion- llﬁﬁtﬁﬁ@xamples

advant ageg s APLOSHL T B S, ALl o Lhe Lep Jaust, (g, 206,
the swit chb REaksdil ARALPSIiTY 5Ahydrhier fPaeee] oMLy dRN BRI QT oDREHPD, TEr ©
symmetri (Clo/Pd/Co/Pd/Co/Pd/Co/Pd/Co/Pd), or (Co/Pd);s, of 15 layers of Co arranged alternately

15 with 15 layers of Pd, i.e. 15 bilayer structures of (Co/Pd).

[0117] In various embodiments, each of or any one of the free layers 708, 710 may
include a single layer or a plurality of layers. Each of or any one of the free layers 708,
710 may include but not limited to CoFeB, CoFeB/FePt, CoFeB/CoPt, CoFeB/(Co/Pd),
or CoFeB/(Co/Pt),, where x may be any integer, for example between 1 and 15. The free

20 layers 708, 710 may have the same or different arrangements and/or materials.

[0118] The magnetic junction 700 further includes a spacer layer 712 arranged in
between the fixed magnetic layer/structure 702 and the free layer (FL1) 708, and a spacer
layer 714 arranged in between the fixed magnetic layer/structure 702 and the free layer
{FL2) 710.

25 [0119] The spacer layer 712 may have a short spin diffusion length so that spin current
from the fixed magnetic layer/structure 702 may not punch through and become involved
in free layer switching. In other words, the spacer layer 712 may have a spin diffusion
length configured to or that reduces, e.g. minimises interaction of a spin current from the
fixed magnetic layer/structure 702 on the magnetization orientation or switching of the

30 magnetization orientation of the free layer (FL1) 708. The spacer layer 712 is a non-

magnetic layer, such as a conductive and non-magnetic layer, placed between the fixed
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[0132] As the nagnetization of the fixed magnetic |ayer/structure
(e.g. 202, 402, 702) is anti-parallel wth that of the reference

| ayer (e.g. 204, 502, 602, 704, 706), the effective 25 bias field on
the free layer (e.g. 206, 404, 708, 710) nay be m nim sed or

cancel led and off-set to zero or approaching zero. In various

enbodi nents, the fixed magnetic |ayer/structure (e.g. 202, 402, 702)

nmay generghghefic by@Fsthicaird 70hahd itk frad BEEr % mmermo affibs)i A tthfBlum
fromthe reference | aye e.g. 204, 50 ; [0133] FIG
8 shows aTgh @&Hcswemoﬁérbup& adiyma| (BY), pletinka @’F)eéﬂh%iy‘é’f’l (R@ orgother materials.

Tagnet Of O SEhuE 1 IBYhSg e YARIGUS IRAUIPIAS, AOLAnaoRNRBLLONR]

magnet or esi st1ve devi ce. neasur e resu

t he hyst ex mags of betwe&()ﬂbcm@ﬂ mlhend)'alamt 10 @lrg eqn betweed nbet 2| my end fabamt@
nagnetore3| tlve d e of odi ment s HaVI%%‘ﬁBfi ed
magnet) o TINRSTER AR EPoubtsm o Gaverp 3ous A am e desti e n
resul t of[otde TheSdpeser Siyer 700 mha§ Qv @rsh&hgplﬂldaﬁusidneﬂeﬂgtﬁrao e shih@Rrrent

| ayer for_a conventional magnetoresistive device, [0134

hyst er esi&om dspfpdansgaeiplayerraycirs 702 m@gwéﬁoan@e@squgb@mlibwee ingilyrd a
h 5
sheet ihidda 1§€&Eh@mhlﬁgvln”& & WRgnehd ac&nﬁ;érom%%r eig ﬁﬁﬂi i srfroély

junction 810 includes a flxe mag netlc ayer/struct
be a har demgtly nmﬁguretdaly@rr theat r&d@tw e ghainimgesintdraction i g I3pini CBH‘Elilt(fl'Dm the

ot ool RS TSRS RIS oF 8 M e o g T 3RS oL P

816 whi chnf@yeumoa Aiehiatiomonehid fed Biyer (HI2) WADUTRe b?ééb Byer 781 isaabh&l-
magneti zation orientation. The fixed 10 magnetic structure 812

may be orMFgFHS lAYEyFEchast senducysay ffﬁilgfﬁ%&qeéc Ilaé’%rplaé‘ﬁl Getgern the faxeds)
As exanpl fgeneliblald @t IRINBE | Gnd 4u@rﬁéet el U(m?l%orr% he 1|ga?btan| 8ol 0

and as described in the context of fi Xed magnetic [ayer/stricture
202 ( FI G tagtplumy ({e), rabfamianmc €C1, atgﬁélﬁdlam(%yplb@usm @ ), amthepivan (Rwsor other

the f Foo TASHCHE RASH Pt 714 Fah St TTR e Blafet B iou Tox SR
of the thickness in a range of between about 2 nm and about 10 nm, e.g. between about 2 nm
and about 8 nm, between about 2 nm and about 5 nm or between about 5 nm and about
10 nm.
[0121] The magnetic junction 700 further includes a spacer layer 716 arranged in
20 between the reference layer (RL1) 704 and the free layer (FL1) 708, and a spacer
layer 718 arranged in between the reference layer (RL2) 706 and the free layer
(FL2) 710.
[0122] The spacer layer 716 is a non-magnetic layer placed between the reference layer
(RL1) 704 and the free layer (FL1) 708 for separation, such as a non-conductive and non-
25  magnetic layer e.g. magnesium oxide (MgO}), alumina (AlOy) or titanium oxide (TiOy), or
a conductive and non-magnetic layer e.g. copper {Cu). The spacer layer 718 is a non-
magnetic layer placed between the reference layer (RL2) 706 and the free layer
(FL2) 710 for separation, such as a non-conductive and non-magnetic layer e.g.
magnesium oxide (MgO), alumina (AlQy) or titanium oxide (TiOy), or a conductive and
30  non-magnetic layer e.g. copper {Cu). In various embodiments, the layer of magnesium

oxide (MgQ) may have a thickness of between about 0.5 nm and about 2 nm, the layer of

30



free layer 206 (FIG 2). [0136] The nmgnetization orientations or
directions of the fixed nmagnetic |layer/structure 812, the reference

| ayer 814 and the free | ayer 816 are aligned in a perpendicul ar
direction (i.e. perpendicular anisotropy), in a direction at |east
substantial ly perpendicular 20 to a plane defined by an interface
between the free |layer 816 and the fixed magnetic |layer/structure 812

or the reflanpaqalbgyedy Bid.a thitkodss JF@etvdeh UBbUtaL5 am A BAHOSE 2 ARG heof
t he magneti zation orientations or directions _of the fixed magnetic

| ayer / st rig¥aof Btagivm axide {HExkpaehavaypdhickness obletyegnrabeutt 2 amipnd aheut 2
respectiv PNG W Ly r [ I ' : Y- i
in an up\/\lgrrl’g‘%IZS g%%égtﬁoéﬁp e %@Zﬁﬁkeﬁéﬁgéﬁ%ﬁ{gg’% ?gﬁl&%eiegr?tb g?ti 2E)E\mloér‘ﬁd
di recti orebofit §wm. ref erence | ayer 814, as represented by the arrow

wWithint f.er | ayer 814.in.FlG 8 oj nt. in.a downward ..
dir ec{g i 021'131 % i anﬁﬁ-% raé’folwel%zp olllflﬁlé?feso?le{rﬁgs %lelgeho%aﬁeﬁf‘%w maghetic
| ayer/ st riagdristrectiik 2702 00 k38] offthe fit¢ R§els 9817181 @hilSthaatrawdRd iDaiaRe he
the fixed _magnet' c layer/structure_812 and the reference | aal/er 814.
The magnetit HFidnEemoe gefrang? dawsy (Rhd) Jhdonatheplizse faypma (e )gl, ambreg,
a tant al umdwIeds ﬂllﬁytgd}_eg tﬁi?}ﬁéﬂ@%l& %@mfthé ?&eﬂéﬁgﬁ%r(‘(g%%y @gé gltl E}é&cﬁw By&l2

and the free | ayer , anot her spacer | ayer

magnesi urtFbR) 4. Theefore, dhebias Held\wde dromhtheffixed magyeic 186/ sameureyd2 may
refergnce [ .81 e t enesi 804.1 s obt ai f a
Comvert | P B yhd okt My G B B T OO ot s B D 786
havi ng a andgnh®t offset thechinoficld3Q4 fIdir thaghietice lhyenCRLON7EBOn tHe frexclayeles

a referen I r 832 which is a.hard netic layer structure havjng
a fixed rﬁ&@%)etay@atlig%ne’éﬁn? fit 44 Bigs §8}<f27§0| &?E’F'at%éd’yv\ﬁ]i“'ctﬁ’i_ Hagpic
magneti c 15@@&&&&%2%58% tRaHEd GayRr V88 i) Be TREIShAL %% laP et é&@ﬁaaﬁd@g A

and a MyO spacer |ayer 836 sandw ched between the reference |ayer
and t he fsimBantayerreqgyalent 9] 4@ biasHieldradphganieratad rthe raferancstlten §0pen the
directd o r . t [ re
al i gnltesd ﬁeeggﬁépgghﬁdg%ﬁgggﬁ% r@%g?zgﬁge (nl%f} Eeje.d etrh ;e)(]af%(ﬁ{icu %%tﬁgg?esrofrﬁ %plye) ,
in a direiRiantlat frtedgtr SUbsitanbe drger ther pendilas] arbstaatidlypbianler to (or

defined by an, i rface bet the reference |.ayer 832 the free
oo B il k3L R s’ Gt 01 (agerhd i T ere it a 204 ohi e e
of the rahgirenge | ayer 832 points in a doward direction while the

magneti zation orientatjion_of the free |ayer 834 points in an upward
di r ect i onl0124] 3\g Blpgtratedain FIG. (75 tlreapaaber pitiived pnagne@pbyen/ siactys (igr 889)s

| oop B02 s 58IBLL Bln Y nd t i: St ]@e‘yi f y .
enbodil%rrent? corrparalé £ 0 n?ﬁeé%?%s%tgé%gﬁsg'%l ‘é%%a 0410?31;1%5&?2@1%/82%??&?2 ’
magnet or e80smay ehateone dixed maghdii¢ ilgr/stiivaurh y9P enmagesl ot B804l of tiiehe

free layer 834 of t.he nvent.l | .magpet.i ¢. juncti 830,i s bj to
the ert gt Jinetin® 89 beokid dfe iR BRlls din S dreoie hPen 08 e
as il | ustdrahgsl Bypcbywd oLt 3op ARkt Bdbolem dffie: hagrtic {Zﬂcdi@mro. 816 of
the magnetic junction 810 having the fixed magnetic | ayer/structure

812. [014912iWhilerpgt ehpvot FAQy e rjdalgswarepie the) bins fiplds pprtharfiee

et or Enea T 08 pRERBOHER 153 oG MVR: B MR i liBgh ey ke,

| ayer/ st ramengedebqteean the Gixed 4@2petiQRyer/structure 702 and the spacer layer 712. The
magnetic layer may be exchange coupled with the fixed magnetic layer/structure 702. In
addition, in order to increase the bias field on the free layer 710, another magnetic layer
(e.g. a magnetic layer with a high magnetization) may be arranged between the fixed

30 magnetic layer/structure 702 and the spacer layer 714. The magnetic layer may be
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[0143] The bias field fromthe fixed magnetic |ayer/structure (e.qg.
202, 402, 702) may be 25 tuned and may over shoot or overcone the
bias field fromthe reference | ayer (e.g. 204, 502, 602, 704, 706).
As the bias field fromthe fixed magnetic |ayer/structure (e.g. 202,
402, 702) may help parallel (P) to antiparallel (AP) sw tching
(P-*AP), the switching currents for antiparallel (AP) to parallel (P)
SWi t chi NG:xChffze Rpupltd with “thP fisd hiaBhdld 18RY/sREcte¥MR! The fdshattidehiapgélic
30[0144] (iii) The area-resistance (RA), the tunneling

magnet or d8Y%s Bay inchide bt digtitedite pebalidrani iRy e)y gokabi-ifon-bergu €CoFeB).

o . .
e R Hog n i bl GRS clBoRRIAR R Ierb] Gl RBGTRATR 1hfRK°"
t hi cknesshgeeshvdd tehamagnetm layerd(eqs. awfitdl magimtictlaghrkfrugumnor & ngferance

f le of .a material such.as tantalum (Ta) ar chrom.um.(Cr).. A
hovi os” oReges D Aibatios™ niticlinfivt PReutoh, b byt AACirbiute b et €7
enmbodi menifiseny biae fisidpRben@indhd @yt 18Rk, i ncl ude or 5 require any

additional circuit design, which is _heléf ul for uniformty control of
the RA, TRRT7IdRiths cantext ol wious gapodigentspignpgieyel FET desdenst thsn,
the spin-ghoel 6PNe8fRA miRYe B5pld ihS Ry Jag Rk
spacer | ayer (e.g.e 26@, 14111(%%6715, 714). aﬂhbee?%?h%a%nmral }ce?{rg‘fq?lggst)’
f r om t he Whislethaynhg meddi to offfagtah¢ bins ficldwnahd Eeglay@§Lor S@mplerad)ustiatedrby
may not extra magnet sistd we and spin 10 torque effect involved
in T oﬁﬁ%ﬂ’f‘glﬁlﬁj‘f‘g@gﬂ?g@gﬁgw}ftchi ng. Therefore, the magnetic
juncti on [8128]Kn Shd ¢uhitaxt of e entiodishteabiie ninéti juficting 00,2800, 66071706,
i n conpar '_fson wi th ot her__conventiagnal_ nmagnetic jungction stack

i @%ﬂ&

st ruct ur giTRGRYsH Yers 2i8r V8ad% PP% - Hay Bpssiiferent thiskasssshe
film grovhindian tﬁf{:&)nftéx)ﬂ SF (TR ek A EHE %{a"gﬂﬁilcghﬁct{oﬁs aoo,Pt ; 66700,

702), such as_a chromum (Cr) seed |layer for | phase Fe

deposi ti che spur cabasmpiselayers53020 13| ag ideyeribhdria they cdidexti off themmelastige
i mpacj. o [ - ' [ cess. The,m I £l hen
of tre mlydPa Rl R S IR RTG! GEh DB R PR B S %8
rimthickde, Tlgan a conventional design, and the fabrication process

for form magneti c .juncti on of various_ enbodi nents. nmay remain
t he sanre,[B?Wﬁ h@s@awgs@torsﬁ%fw& &‘?"ﬁ‘ij BE oREeY emBPYiFsaL: b@“tl‘i‘%‘ilﬂ i MEenge
and passijaiionhavia®kPkdst lont YikeF Bt R IR ARk i(¢.B) Z081 26K 702PAgY harn

process nmay be provided. For exanple, the |ayers or structures may be
di rect | y a&88<ine esmere eighe biloping ddvamtagesyer (e.g. 206, 404, 708, 710)

S S0 O M G 8, OB TSe ws o
parti cul aninjmisétbonel mmdated saradicidn vwhe bwitelfier encat tiensity of the free layer may
be or become more symmetrical.
[0132] As the magnetization of the fixed magnetic layer/structure (e.g. 202, 402, 702) is
anti-parallel with that of the reference layer (e.g. 204, 502, 602, 704, 706), the effective
25  bias field on the free layer (e.g. 206, 404, 708, 710) may be minimised or cancelled and
off-set to zero or approaching zero. In various embodiments, the fixed magnetic
layer/structure (e.g. 202, 402, 702) may generate a bias field that is larger than the one
originating from the reference layer (e.g. 204, 502, 602, 704, 706).
[0133] FIG. 8 shows a plot 800 of bias fields on the free layer for a magnetoresistive

30  device of various embodiments and a conventional magnetoresistive device. The plot 800

shows the measurement result of the hysteresis loop 802 for the bias field on the free

32



25 specific enbodinents, it should be understood by those skilled in
the art that various changes in formand detail may be nade therein
W t hout departing fromthe spirit and scope of the invention as
defined by the appended cl aims. The scope of the invention is thus

i ndi cated by the appended clains and all changes which cone within

t he meani ng and range of equival ency of the clains are therefore

i ntended fagerb@r MR Sfedesistivb AleMBe o vafolRONBL AR Havitg He%ES endaMicng
a magnetic junction, the na netlc(#unctlon conpr|3|ngi S5a first fixed
magnet i ¢ lpxgperugtiefesu?®, Ko Ng) andithg evanmgment rgsaittiob thedrsterssiatlvam30da
second 11 xeeoTRANRI] n hRYEL 1L HFLUES RAYIAGapddkadivImapEL ] zati on
orientation; and a Tree nmagnetic [ayer structtire having a Vvariable
magnet i zafil®4] Tirel leysteadsisolopp VAR iebbtainbe fdri a siaghdtoresstivegizeice aising)eesheet

structure, the second fixed pmagnetic |ayer 10structure d the free
et ¢ Ty PR0E P e e R 0o b Bigrip HEchh el inchule: ¢ fiES

wher ei N t{gonktié Blyel/dttRerdBONCLILE magbe hakd MeHeHe layth8n REORMidd X 8kd
magnetic | ayer structure and the free magnetic |ayer structure have

respect i ViBagnglzRsion Aatentatonrd esfergrdeolazercdif whishadaxt be @rhashmagnetic layer
directio : Lakly: pe (0] r '

an' i nt er FAsgub SR s BROP R AR el b8 Bl SBAE (AT
of the fisofit mhgnetid Ihgeragneture hbviygra séniabdd megneizatidre osetativch. fikeefixed

. | . 1 t 1 t h t.. t . .
or Lontat RS TSR $ i nRoRETY PRAGE See R RE oS

second figg@dwregnetic |ayer structure are oriented anti-parallel to
each other, and wherein the first fixed nmagnetic | ayer
st r uct ur 013 Ass erampnles; ithee Bxerapasiqtic Ipygpspructure 812 may be similar to and as

described in the context of the fixed magnetic layer/structure 202 (FIG. 2), the reference
layer 814 may be similar to and as described in the context of the reference layer 204
15 (FIG. 2) and the free layer 816 may be similar to and as described in the context of the
free layer 206 (FIG. 2).
[0136] The magnetization orientations or directions of the fixed magnetic layer/structure
812, the reference layer 814 and the free layer 816 are aligned in a perpendicular
direction (i.e. perpendicular anisotropy), in a direction at least substantially perpendicular
20 to a plane defined by an interface between the free layer 816 and the fixed magnetic
layer/structure 812 or the reference layer 814.
[0137] For illustration purposes, each of the magnetization orientations or directions of
the fixed magnetic layer/structure 812 and the free layer 816, as represented by the
respective arrows within the respective layers in FIG. 8, may point in an upward
25  direction, while the magnetization orientation or direction of the reference layer 814, as
represented by the arrow within the reference layer 814 in FIG. 8, may point in a
downward direction, being anti-parallel to that of the fixed magnetic layer/structure 812.
[0138] The free layer 816 is arranged between the fixed magnetic layer/structure 812 and
the reference layer 814. The magnetic junction 810 further includes a spacer layer 818,

30  e.g. a tantalum (Ta) layer, between the fixed magnetic layer/structure 812 and the free
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20structure having a swtching field that is larger than a swtching
field of the free magnetic | ayer structure. 2. The nmagnetoresistive
device as clained in claim1, wherein the first fixed magnetic |ayer
structure is configured to generate a bias field on the free magnetic
| ayer 25structure that is larger than or at |east substantially
simlar to a bias field generated by the second fixed nmagnetic | ayer

Struct ur elayerd16 THRI ARARSLAURS 15 ¥, dQY b GRaghSsieth dxNRAMID)Th i Mbkwiin
2, wherein the first fixed naghetic | ayer structure conprises a
si ngl e | apefree bivpr §16iang thesfergicaldayauddor cobal t- 30pl ati numor a

bilayer siof 45t HICGARE BhA%0R L b Alnch LT ML NhGOBALLL dliion
or cobalt-iT0on, and a second |ayer conprising platinum or palladl um
or ni ckelusing & shekh&lmagmnplephasngs b invaznetéy junetiassitl. Jhaethgheticajuyictiones 3

ructure is arrapged

bet Q,emeﬁnltiﬁ@ﬂ%’fsr%?e%%%dl%}?%ﬁ?éte‘?@gﬁ%fh'aﬁdt A S AT dBe R e
magnet i ¢ hayRtizaitoh beibstafon, @ free layENE34RERBILL &F BhdnéBe BOW GRIcASe having
clainmed in any one of clains 1 to 4, wherein the
a variable magnetization orientation, and a MgO spacer layer 836 sandwiched between
the reference layer 832 and the free layer 834.
[0140] The magnetization orientations or directions of the reference layer 832 and the
10 free layer 834 are aligned in a perpendicular direction (i.e. perpendicular anisotropy), in a
direction at least substantially perpendicular to a plane defined by an interface between
the reference layer 832 and the free layer 834. For illustration purposes, the
magnetization orientation of the reference layer 832 points in a dowward direction while
the magnetization orientation of the free layer 834 points in an upward direction.
15 [0141] As illustrated in the plot 800, the hysteresis loop 802 is smaller for the
magnetoresistive device of various embodiments, compared to the hysteresis loop 804 for
a conventional magnetoresistive device. In addition, the hysteresis loop 804 for the firee
layer 834 of the conventional magnetic junction 830 is biased to the left side, which may
be offset or biased towards the right side, as illustrated by hysteresis loop 802 for the free
20 layer 816 of the magnetic junction 810 having the fixed magnetic layer/structure 812.
[0142] (ii) The current asymmetry caused by majority spin and minority spin may be
reduced by tuning the bias fields from the reference layer (e.g. 204, 502, 602, 704, 706)
and the fixed magnetic layer/structure (e.g. 202, 402, 702).
[0143] The bias field from the fixed magnetic layer/structure (e.g. 202, 402, 702) may be
25  tuned and may over shoot or overcome the bias field from the reference layer (e.g. 204,
502, 602, 704, 706). As the bias field from the fixed magnetic layer/structure {(e.g. 202,
402, 702) may help parallel (P) to antiparallel (AP) switching (P—AP), the switching
currents for antiparallel (AP) to parallel (P) switching (AP—P) and P—AP switching
may be symmetrically defined.
30 [0144] (iii) The area-resistance (RA), the tunneling magnetoresistance or

magnetoresisitive (TMR) and spin torque properties may not be affected in embodiments
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magnetic junction further conprises a first spacer |ayer arranged
between the first fixed magnetic |ayer structure and the free
magnetic | ayer structure, the first spacer |ayer having a spin
diffusion length configured to reduce interaction of a spin current
fromthe 10first fixed nagnetic |ayer structure on the nagnetization
orientation of the free magnetic |layer structure. 6. The

magnet or ewhét itve sphevt Rferd.& 288 BEL, I 2CY Bd) by bYHBER] for eRAnHIE Mabing a
spacer é%er conprises a conductive and non- ma.g netic material. 15 7.
The nagneiiiskpess srpajer @ém?céma§né/%lvﬁ’é’da|shOIélfhfﬂﬁl@1 dmgth, fahexasmic e

first sp oTapald eqted
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208. The rmmt®¢MWstdW1ee dévarmas ambodhmemsdné)nbasimplmmdahayh@tl inglude 610
7, wherein the first.spacer ess. ter thap .2

5 The migmiforisi BBl GEBEE. Bt Rubelpf By RofbaR SCaday RE 0 £8
8, mherernmnhamﬂﬁgaﬁﬁmﬁgby@ﬁbhgaﬂkurther conprlses a magnetic | ayer

arranged between the first fixed 25nagnet|c Iayer structure and the

first spa@&#3]ilayddition bs grivrelep@omeffisbmpy be Hiteied by seshennargaagnstip Frager
with the fj errtsﬂE \gf %80 46Bonet '7@4)' E@(tﬁér b Y6 Welt effect Hthm Hhe ﬁxed énagnetw

magnet or esi s devicé as'clained in any one of clains 1 t
wher ei n tlhEEIM'gﬂeltel . g aﬂé,t {@h 702}, tthee lwmtllmes‘cta meglwtcdesss;teze end |spiper
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junction stack structure of various embodiments is clean and simple in comparison with
other conventional magnetic junction stack structure. Furthermore, more materials may
be chosen to match the film growth for the fixed magnetic layer/structure (e.g. 202, 402,
702), such as a chromium (Cr) seed layer for L10 phase FePt deposition, for example.

15 [0146] (iv) There may be minimum change impact on the established fabrication process.
The magnetic junction of the magnetoresistive device of various embodiments may be
about 8 nm thicker than a conventional design, and the fabrication process for forming
the magnetic junction of various embodiments may remain the same, for example,
patterning process, followed by ion-milling and passivation.

20 [0147] (v) A one stop thin film /stack deposition process may be provided. For example,
the layers or structures may be directly deposited on top of the free layer (e.g. 206, 404,
708, 710) by sputtering without stop (breaking the vacuum) during the manufacturing
process.

[0148] While the invention has been particularly shown and described with reference to

25  specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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11. The magnetoresistive device as clainmed in claim 10, wherein the
second spacer |ayer conprises a non-nmagnetic material. 12. The
magnet oresi stive device as clainmed in claim10 or 11, wherein the
magnetic 5 junction further conprises: a first spin enhancing

| ayer arranged adjacent to a first side of the second spacer |ayer;
and a second spin enhancing | ayer arranged adjacent to a second
si de of toepasmsond spacer |ayer, the first side and the second side
bei ng opposite to each other. 10 13. The nmgnetoresistive device as
clainmed in claim12, wherein each of the first spin enhancing |ayer
and the skcond' spignciorsiHYS dgviFayiaying £s magediicciupeing. dic pesugienuadinm
0.1 n”‘aQ%gﬁP@H%'3'5 nin. 1514. The magnet oresi stive device as cl ai ned
inclaim or I3, wherein each of the first spin enhancing | ayer and
t he second spianfirsiivaed onazgeticalyger saocprei lmesiga fied glagndtargion aientation;
cobalt-iron-boron or.caobalt-i.ron or iron or a_.bilayer structure .
Compri sing a fA FPEY TNRAHRRR(T (RSP UrsBEareIRg & BB T R A

| ayer corgagi si ng cobalt-iron. 2015. The nagnetoresi stive device as
clainmed in any one of clainms Ito 14, wherein the magnetic junction
further conpr iafEesmagnets lagerrsisietyroniayingta variphly sragaetizgdenerienteiohng a
fixed nmagnet 1 ZathQn q@f ﬁl%pﬁgéd ﬁ)lggne"ﬁgqayer ﬁructure, the%e&%ﬁ%@d fn’ia%ﬁetic layer
magnetic | ayer structure having a var, abl e magnet 1 zati on

250r i Bnt astrucmre and the fredmmagictic tayer ftiucsitre d1e xaengrd gnebva theagtber,

structure, the ,second fixed neti ¢ |ayer structure, the third fixed
et ¢ | ayor et aitpist FRCRARE sk i trbE s et st b

second f r@ctiBgAdithe frk@@inddic AR @ nat Bad ledftgee: BRehcAYRlontdRen@libiay |
wherein the third fixed nagnetic | ayer structure and the second free

magnet i c 230figred iRt iR dimeling ot dusertrpatingrsendistiap e dplaendainedns
confi gur & £0nRth&betlvBerfthe free magnetic layer structure and either one of the first fixed

15  magnetic layer structure or the second fixed magnetic layer structure,
wherein the respective magnetization orientations of the first fixed magnetic layer
structure and the second fixed magnetic layer structure are oriented anti-parallel to each
other, and
wherein the first fixed magnetic layer structure is a static fixed magnetic layer
20  structure having a switching field that is larger than a switching field of the free magnetic

layer structure.

2. The magnetoresistive device as claimed in claim 1, wherein the first fixed
magnetic layer structure is configured to generate a bias field on the free magnetic layer
25  structure that is larger than or at least substantially similar to a bias field generated by the

second fixed magnetic layer structure.

3. The magnetoresistive device as claimed in claim 1 or 2, wherein the first fixed
magnetic layer structure comprises a single layer comprising iron-platinum or cobalt-
30  platinum or a bilayer structure comprising a first layer comprising cobalt or iron or

cobalt-iron, and a second layer comprising platinum or palladium or nickel.
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direction at |east substantially perpendicular to the plane defined
by the interface between the free magnetic |ayer structure and
either one of the first fixed magnetic |ayer structure or the second
fi xed nmagnetic | ayer structure, and wherein the magneti zation
orientation of the third fixed nmagnetic |ayer structure is oriented
anti-parallel to the magnetization orientation of either the first

fi xed magnetic 5l ayer structure or the second fixed magnetic | ayer
structure, 16. The magnetoresistive device as clained in claim15,
wher ei n the t hihednagngiogesissiye deyiee pspgiaimedtin gay aneof daimssk it 3. ovhiarsie the
magneti c : k 1 i fd el LS. 1 an
o ani tchi me Rt St Pl B AR biGEk o it Hh b, L PEAROLY
17. The nmgrilet ssrasi Stddveagieti¢ ogerasructe ned in claim 15 or 16, wherein
t he t@ird fixed magnetic |ayer structure conprises a single |ayer
conprising iron-platinumor cobalt-platinumor a bilayer structure
conprising a fihHeShadneoedsistiospEisd Agclsialalif afy ohd ONcIBimsCIORNAM, twidh@h the
and a second | ayer .conprising platinumor palladiumor nickel. 18.
The magneh@mets sctien fuler eomdriises il spagsr im‘r ienged betwspptheyfirst Bxery
wherein t f [Ce: r {

the third TTsad Hegnarr e Sue e En Sl Wb b ickite TR TRAC 0, g
magnet i ¢ Hasipgra spin dictusips langtht ¢trafigeed el rdduseiiteragior of e spiaycarrent from the

st ruct.ur 2 19. The, magnetoresi stive devi.ce as clai i.n any one
of "ot Eltied agnt S LBPRRERES B Biect P AHER ofF P e s Abudle”,
t hi rd spdegs sh@gtee. arr anged between the third fixed magnetic | ayer
structure and the second free magnetic |ayer structure, the third
spacer |ayer having a spin diffusion length configured to reduce

interactig@n OfTiR FRNBF iSO HeRS S8 it Biafdl 5T bk &din Y ﬁ]g‘strt isgacleﬁbé%r

structure on the nmagnetization orientation of the second fre
magneti c qoagpélﬁessatqougwﬁwe.and pon-nipeetvarpteriabr esi sti ve device as cl ai med
in claim19, wherein the third spacer |ayer conprises a conductive
and non-magnetic material .

7. The magnetoresistive device as claimed in claim 5 or 6, wherein the first spacer

layer comprises a material selected from the group consisting of tantalum, chromium,

palladium, platinum and ruthenium.

20 8. The magnetoresistive device as claimed in any one of claims 5 to 7, wherein the

first spacer layer has a thickness greater than 2 nm.

9. The magnetoresistive device as claimed in any one of claims 5 to 8, wherein the
magnetic junction further comprises a magnetic layer arranged between the first fixed
25 magnetic layer structure and the first spacer layer, wherein the magnetic layer is

exchange coupled with the first fixed magnetic layer structure.
10.  The magnetoresistive device as claimed in any one of claims 1 to 9, wherein the

magnetic junction further comprises a second spacer layer arranged between the second

30  fixed magnetic layer structure and the free magnetic layer structure.
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11.  The magnetoresistive device as claimed in claim 10, wherein the second spacer

layer comprises a non-magnetic material.

12.  The magnetoresistive device as claimed in claim 10 or 11, wherein the magnetic
junction further comprises:

a first spin enhancing layer arranged adjacent to a first side of the second spacer
layer; and

a second spin enhancing layer arranged adjacent to a second side of the second

spacer layer, the first side and the second side being opposite to each other.

13.  The magnetoresistive device as claimed in claim 12, wherein each of the first spin
enhancing layer and the second spin enhancing layer has a thickness of between about

0.1 nm and about 3.5 nm.

14.  The magnetoresistive device as claimed in claim 12 or 13, wherein each of the
first spin enhancing layer and the second spin enhancing layer comprises a single layer of
cobalt-iron-boron or cobalt-iron or iron, or a bilayer structure comprising a first layer

comprising cobalt-iron-boron, and a second layer comprising cobalt-iron.

15.  The magnetoresistive device as claimed in any one of claims 1 to 14, wherein the
magnetic junction further comprises:

a third fixed magnetic layer structure having a fixed magnetization orientation;
and

a second free magnetic layer structure having a variable magnetization
orientation;

wherein the first fixed magnetic layer structure, the second fixed magnetic layer
structure, the third fixed magnetic layer structure, the free magnetic layer structure and
the second free magnetic layer structure are arranged one over the other,

wherein the third fixed magnetic layer structure and the second free magnetic
layer structure have respective magnetization orientations configured to orient in a

direction at least substantially perpendicular to the plane defined by the interface between
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the free magnetic layer structure and either one of the first fixed magnetic layer structure
or the second fixed magnetic layer structure, and

wherein the magnetization orientation of the third fixed magnetic layer structure is
oriented anti-parallel to the magnetization orientation of either the first fixed magnetic

layer structure or the second fixed magnetic layer structure.

16.  The magnetoresistive device as claimed in claim 15, wherein the third fixed
magnetic layer structure is a static fixed magnetic layer structure having a switching field

that 1s larger than a switching field of the second free magnetic layer structure.

17.  The magnetoresistive device as claimed in claim 15 or 16, wherein the third fixed
magnetic layer structure comprises a single layer comprising iron-platinum or cobalt-
platinum or a bilayer structure comprising a first layer comprising cobalt or iron or

cobalt-iron, and a second layer comprising platinum or palladium or nickel.

18.  The magnetoresistive device as claimed in any one of claims 15 to 17, wherein the
second free magnetic layer structure is arranged between the third fixed magnetic layer
structure and either the first fixed magnetic layer structure or the second fixed magnetic

layer structure.

19.  The magnetoresistive device as claimed in any one of claims 15 to 18, wherein the
magnetic junction further comprises a third spacer layer arranged between the third fixed
magnetic layer structure and the second free magnetic layer structure, the third spacer
layer having a spin diffusion length configured to reduce interaction of a spin current
from the third fixed magnetic layer structure on the magnetization orientation of the

second free magnetic layer structure.

20.  The magnetoresistive device as claimed in claim 19, wherein the third spacer

layer comprises a conductive and non-magnetic material.
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