MAGNETORESI STI VE DEVI CE AND METHOD FOR FORM NG THE SAME
Cross-Reference To Rel ated Application 5[0001] This application
clains the benefit of priority of US provisional application No.

61/ 715, 340, filed 18 Cctober 2012, the content -of it being hereby
incorporated by reference in its entirety for all purposes. Technical
Field 10 [0002] Various enbodinents relate to a nmagnetoresistive
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Background
15

[0003] For applications in a recording head and a magnetoresistive random-access
memory (MRAM), giant magnetoresistive (GMR) or tunnel magnetoresistive (TMR)
devices are usually composed of a storage layer (also termed as a free layer, FL) and a
reference layer (RL).

20 [0004] FIG. 1A shows a schematic diagram of a conventional device (GMR device or
TMR device) 100 having a stack structure with a simple or single synthetic
antiferromagnetic (SAF) structure 102. The term “single SAF structure” means a
conventional three-layered SAF structure having two ferromagnetic (FM) layers and one
antiferromagnetic coupling (AFC) layer. The device 100 includes a seed layer 104, an

25  antiferromagnetic (AFM) pinning layer 106, a pinned layer (PL) 108, an
antiferromagnetic coupling (AFC) layer 110, a reference layer (RL) 112, a spacer
layer 114, a free layer (FL) 116, and a cap layer 118. The pinned layer 108, the AFC
layer 110, and RL 112 form the SAF structure 102. PL 108 and RL 112 have
magnetization orientations that are anti-aligned (i.e. antiferromagnetically coupled), as

30 indicated by the respective oppositely directed arrows 120z, 120b for an in-plane

magnetization device or the respective oppositely directed arrows 122a, 122b for a



per pendi cul ar magneti zati on device. The nagnetization of RL 112 is
fixed by the synthetic antiferromagnetic (SAF) pinning structure 102,
where RL 112 is strongly coupled through the AFC | ayer 110. The SAP
pi nning structure 102 is pinned by the AFM pi nning | ayer 106. This
sinmple or single SAF structure 102 is used to increase the 5 pinning
stability to provide high pinning field, and to reduce or renove the
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offset field causes an offset or shi in the magnetization

or i ent at i<dmitnfondheheffreedayery(EE), the reference layer (RL) and the pinned layer (PL) are
shown. FIG. 1B shows a device 130a with in-plane anisotropy, having FL 132a and a

SAF structure having RL 134a and PL 136a, as well as a device 130b with perpendicular
25  anisotropy, having FL 132b and a SAF structure having RL 134b and PL 136b. The stray
fields, indicated as "H", are represented by the dashed arrows. As the SAF lateral-size
decreases, there is a large increase in the stray field. The large stray field adversely
affects the free layer (FL) 132a, 132b, which are supposed to be free from external

magnetic bias.



[0008] FIG 1D shows a plot 140 of the stray field of a sinple SAF
structure with in plane magneti zation, illustrating the average stray
field on the free |layer due to in-plane nmagneti zation reference | ayer
with a SAF structure. For conparison, the average stray 10 field on
the free layer due to a single in-plane magnetization reference

| ayer, without a SAF structure, is also shown. The thickness of the
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reduction of data retention in and thus, the offset field has to
be reducagmsrdipdapieanetzati@urEigenrsdayst et a SAE gichie. dios sopearway thed
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changi ng the respective t hi cknesses of the reference | ayer and the
avg" are the stray fields averaged over a 1d line along the x direction indicated in

20  FIG. 1D, for respective devices with a SAF structure and without a SAF structure. The
results labeled as "2D area-SAF avg" and "2D area-NOSAF avg" are the stray field
values averaged over the entire 2D plane of the free layer, for respective devices with a
SAF structure and without a SAF structure.

[0010] As shown in FIGS. 1D and 1E, for both in-plane and perpendicular magnetization,

25  the stray field at the free layer increases from several Oersteds to several hundreds of
Qersteds as the size decreases. Such a large offset field will induce a signal-to-noise
ratio (SNR) reduction in the read head, and also induce read/write errors as well as the
reduction of data retention in MRAM and thus, the offset field has to be reduced or
removed.

30 [0011] The offset field can also be reduced using an unbalanced SAF, where the

magnetic thicknesses of the reference layer and the pinned layer are unbalanced,



5 pinned layer. FIG 1F shows a plot 150 of the stray field of a
conventional device having a sinple unbal anced synthetic
antiferromagnetic (SAP) structure with perpendicul ar nagneti zati on.
The result 152 is the stray field averaged over a Id line along an x
direction simlar to that indicated in FIG 1D, while the result 154
is the stray field averaged over the entire 2D plane of the free
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vari abl e sfragagy wzlaltelsanptsltwfeaxtohmgnetarldyd‘rcpwmxﬂgl @ tﬁéfﬂteétﬁttyelc while SAF2

antiferrqomagnetic layer structure including at |east three

f en- omagrietheceragagnstia lqvshdisw! inbe fire dasehel hstRmcctifgmagnetizations, My, for

ant i f er r gyEONElI ot He ARURKED, each ferromagnetic layer having a

fi xed magneti zation orientation, wherein the free nagnetic | ayer

structure and the synthetic antlferronagnetic 30l ayer structure are

arranged one over the other. Brief, Description of the Draw ngs

[0014] In the drawi ngs, |ike referéﬁ@gg%ﬂ%racters generally refer to

li ke parts throughout the different views. The draw ngs are not

necessari o) sc enphasi s i nstead gener al
})let] Acco 1ng to nEBl em lbodlme:nt a magtgnetor651st1¥fe device is provided. The
magnetoresistive device may include a free magnetic layer structure having a variable
magnetization orientation, and a synthetic antiferromagnetic layer structure including at

20  least three ferromagnetic layers arranged one over the other and antiferromagnetically
coupled, each ferromagnetic layer having a fixed magnetization orientation, wherein the
free magnetic layer structure and the synthetic antiferromagnetic layer structure are
arranged one over the other.
[0013] According to an embodiment, a method for forming a magnetoresistive device is
25  provided. The method may include forming a free magnetic layer structure having a

variable magnetization orientation, and forming a synthetic antiferromagnetic layer
structure including at least three ferromagnetic layers arranged one over the other and
antiferromagnetically coupled, each ferromagnetic layer having a fixed magnetization
orientation, wherein the free magnetic layer structure and the synthetic antiferromagnetic

30 layer structure are arranged one over the other,



5 being placed upon illustrating the principles of the invention. In
the follow ng description, various enbodi nents of the invention are
described with reference to the follow ng draw ngs, in which: [0015]
FIG | A shows a schematic diagramof a conventional device having a
stack structure with a sinple synthetic antifen-onmagnetic (SAF)
structure. 10[0016] FIG 1B shows the stray fields of conventi onal
devi ces having a stack str BriefDessvipttoncof3héDkgwisigiit het i c
antiferromagnetic (SAF) structure. [0017] FIG ICillustrates the
effect of a stray field on a free layer. [0018] FIGS. ID and | E show
plots of [pbesghiRydhiv@lgd, Ple RISEAR|cBardAErs PehtellH e lifke 'p'ﬂrtsp{ hout
magneti zation and per pend| cul ar magneti zation respectively. 19]
FIG IF sth@ds”feépnpwwsOThq CIfénggﬁ asf: rfot GP@S&@ﬁlsatO@gaiv,eqmnh@ﬁalns@eég@@rally

2? ;/Lgt%u?eb%&‘{g)ﬁ?ac b@g tr&y gnetp% rEpls 0];ISIF 8‘%38?%&{’% (Irgﬁﬁ oS "4e

schenmat i odeshrqnglba,rwmoua enﬁgdmimtsesﬁ ﬂ;talmeendemmedesaﬂb@r dithgefeeenvand dies
enbodi magtﬁ 20 0021% GQ B shows a flow chart illustrating a

met hod f oP ERECECTEFY YV & hagnet or esi sti ve devi ce, according to
various qoppirrentia. sHowd22keifehdaiic Jishansoran s&hRR®dHal d@iflé‘&'h@ﬂh%fa fack
magnet or esi stive device, according to various enbodi nents

FIGS. 4A Snetuzpvishas simnisyagetio ant 6@@3@@1@(%&?)@@@@& fset f| el ds f or
an i ngpl r

agnel’ o el d IOT R hbGe MY SR AR, EKCaBRA dRE REAG S UL sucrye
t he synt heith zsiaapla s‘}etheticrmgifemmagrﬁﬁﬂsm;ﬂlstmd:tamer, according to

various e[ﬂPfﬁ'ﬂE“i Qillustrates the effect of a stray field on a free layer.
[0018] FIGS. 1D and 1E show plots of the stray field of a simple SAF structure with in

plane magnetization and perpendicular magnetization respectively.

15 [0019] FIG. IF shows a plot of the stray field of a conventional device having a simple
unbalanced synthetic antiferromagnetic (SAF) structure with perpendicular
magnetization.

[0020] FIG. 2A shows a schematic diagram of a magnetoresistive device, according to
various embodiments.

20 [0021] FIG. 2B shows a flow chart illustrating a method for manufacturing a
magnetoresistive device, according to various embodiments.

[0022] FIG. 3 shows a schematic diagram of a magnetoresistive device, according to
various embodiments.
[0023] FIGS. 4A and 4B show respective plots of simulated offset fields for an in-plane

25  magnetic anisotropy device and a perpendicular magnetic anisotropy device, for different
thickness combinations of the synthetic antiferromagnetic (SAF)} multilayer, according to
various embodiments.

[0024] FIGS. 4C and 4D show respective plots of stray fields at the middle of a free layer
of a perpendicular magnetic anisotropy device, for different SAF structures for a 20 nm

30 device and a 65 nm device respectively, according to various embodiments.



[0024] FIGS. 4C and 4D show respective plots of stray fields at the
m ddl e of a free |layer of a perpendicular magnetic ani sotropy devi ce,
for different SAF structures for a 20 nm 30 device and a 65 nm devi ce
respectively, according to various enbodi nents. [0025] FIG 4E shows
a plot of sinulated offset field for a perpendi cul ar magnetic

ani sotropy device, for different thickness conbinations of the

synt het i qomprﬂenmnagmtd Pldt SAFs)lmmaterdi bfiyee fiel B E@O4 qjengndieulmarﬂagnaic
enbodi nment s. g’éd&dfe shows a .schenajic d| ramP a )
magnet or é'é‘i‘sé'fri)%d‘a’é‘iﬁ qrent shighnesveanpbingtigns p t}lersynt feantifergmagnetic

various E(gh@()‘ihﬁﬁﬂgﬁr chcqalz]htgbgou§%nbba1%h{sat es the effect of afield

pr oduced b‘\)/ cancellation'layer on a stray field produced by a SAF
mul ti | aydP02H RiGt ble shawe or deheatio diagrpwust enbedhereissistivy dovies wAthGa

5C shaqus c%mPeuﬁ iofha értz(c%XrOA 'o‘%’/tal%us%m%%g'}&tn?res' stive device wthout a

cancel’l ation Tayer; accor Vari ots enbodi ment s. 10[ 0029] FI G
6A shows [aoR7] FHIGI 5B ithatries tlﬁ@:lﬁtéaﬁ)ﬁa(ﬂelchprmsﬂ@cmdtb@rmnséliaﬁm Hgw areg stray

accordin S e 0030] FI.G 6B shows. a

Chitial | AS B‘i‘?ﬁgifﬁi?ﬁfé’ 5%3? ng.agfqr@@gawwsﬁ@b?fﬁawatSSAF

nul ti | ayqooze) Gt Bee st § l@cnoieyt%} ALIDST a GhadrMor@YEiS  de®e€ QitHof at O
vari ous enbodi nents. 15[00 1] FIG "6C shows an initialization schene

for a magaetadlpee bydrveccamingle vareuwssmbiodnants- var i ous enbodi nent s.

Det ai |,ed t - f i ' i ptJ :
e 1 820 0350 ), D R i
illust rattocvau;lousmﬂrbloﬂmntbet ails and enbodi nents in which the invention

may bep se enhodi pent s redscrlbedln suf ficient
Gy ai T T dOCHMTE: 6RGEa%S Rh PRGa FHOR RO F g BPEICtTeutR doTie BAYNG
Q her entgmh RNy dFerubRrd hinhihZ @A <8¢ nBibUCHLFRY 1a g/lsﬁgla@c%kdm@ﬂ& various
el ectrical changes may be nmade wi thout departing fromthe scope
embodiments.
15 [0031] FIG. 6C shows an initialization scheme for a magnetoresistive device, according

to various embodiments.

Detailed Description

20 [0032] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
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

25  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
embodiments.

[0033] Embodiments described in the context of one of the methods or devices are
analogously valid for the other method or device. Similarly, embodiments described in

30  the context of a method are analogously valid for a device, and vice versa.



25 of the invention. The various enbodi nents are not necessarily

nmut ual Iy excl usive, as sonme enbodi nents can be conbined wth one or
nore ot her enbodi nents to form new enbodi nents. [ 0033] Enbodi nents
described in the context of one of the nethods or devices are

anal ogously valid for the other nethod or device. Simlarly,

enbodi nents described in 30the context of a method are anal ogously
val i d f or[0634]iehmmess thardre/dsseribedris ghe con@RB4f anF@aliodireant miwgtcoakspondingly

described in t.he context of an.enpodi ment. may correspondingly be
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[ 0035] In.tﬁedcontext of va&%o&s enbodi ments, the articles "a", "an"
and "t he"SigEar fepre i he gtheg smgod

Y45t eat ure or el ement includes a

r ef er encgob35) QA ehd Eorlt®it B VhribRCehIRRBHERS RE aflc)8!“@MERAN'S and 8(30hs Ligkd
the context of various enbodi nents, the phrase "at | east

subst ant i %ith esandey afaepigs chameat inclpdesn elerenceds onabr moveef the &atures or
[ 0037], Iqﬂégﬁufontext of various enbodinents, the term "about"™ or
"approxi mately’ as applied to a nuneric val ue enconpasses the exact
val ue and0634] dashn atritextwdriaginge embo&diMRBE8) thAphume d'ahbeasi supsthitéalllye mmy

"and/or".iqcéugestﬁnéﬂ€nd al | . conmbi nati ons of one or nore of the
associ at e8“FTStBH ™ ?r‘[aé?’}?@%vﬂga’ﬁf’?ed herein, the phrase of the

form of "[8037]aaske Odifex@fof AafbusEembBRlYmERS | thiél@ert ‘QbolB” @F “Bisrbxiatthet £
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conbi nat i §ese; Hs N2& Hefein, the term “and/or” includes any and all combinations of one or

more of the associated listed items.

[0039] As used herein, the phrase of the form of “at least one of A or B” may include A
or B or both A and B. Correspondingly, the phrase of the form of “at least one of A or B
or C”, or including further listed items, may include any and all combinations of one or
20  more of the associated listed items.
[0040] Various embodiments may relate to giant magnetoresistive (GMR) and/or tunnel
magnetoresistive (TMR) devices for magnetoresistive random-access memory (MRAM)
and read head applications.
[0041] Various embodiments may provide an approach for offset field reduction and
25  improvement of pinning stability with synthetic antiferromagnetic (SAF) multilayer.
[0042] Various embodiments may provide a synthetic antiferromagnetic (SAF)
multilayer structure having more than three layers, which may be composed of more than
two ferromagnetic (FM) layers and more than one antiferromagnetic coupling (AFC)
layer, to reduce the offset field on the free layer without sacrificing the stability of the
30 SAF multilayer. An antiferromagnetic (AFM) layer may be used to pin the SAF

multilayer structure. In order to increase the stability of the SAF multilayer, the vector



20more of the associated listed itens. [0040] Various enbodi nents may
relate to giant nmagnetoresistive (GW) and/or tunnel magnetoresistive
(TMR) devices for magnetoresistive random access nenory (MRAM and
read head applications. [0041] Various enbodi ments nay provide an
approach for offset field reduction and 25i nprovenment of pinning
stability with synthetic antiferromagnetic (SAF) multilayer. [0042]
Vari ous euhosl uhenﬁ@namynmmmsdﬁ the SyRtatilayeasioufdeby olowg etdrs. nSARYr

mul til ayer tr re haV|n tha hr | ayers, vvh'ca%ma be
conposed "69r ﬁ f# gté“r% E g%)ml?lg‘ﬁaé@"ss}é’ﬁhi Flesg iaFF dne
ant i fe”oﬂﬁgtﬂi%khé‘ss%@%l:li PO (ACbS |tI?é’§AF heltl LSRRy tﬂeese@efcfea% rbﬁl:i@' aon
the free layer w thout sacrificing the stabi i;Of t he

mul ti | ayeniningem affsetfleeld Gmalmbed leygramiphingydrc atfam la}z;@'dmnbbqoaddeqi i
SAF mgl tid ayer 01%%&%&{ thé-@ffé%‘iﬂ r, to increase the stability of the
vect or

SAF rrultlfi"a ar sum ot the nmagnetic nonments in the SAP
mul til aye[DOzﬁi]ud.mn(dubanbcbdmentts may@revidd sheair eore whHthd $olidwieg.€1 f eahall€ray

magneti c ckn of. the SAP til a er should be close tq ze The
ThY Ckneodich dr epinty Srngr ThE A e TR ReYiag %deesi it (-
provi de i MmBePbfcatl tidnahd; & g arf @@nfﬂu%ef aefer B t6/D) @g thf¥e, four,
cancel l ation | ayer may be added for 5further conpensation of t he

of f set f iftiedsix| GuaBcighhrdtoLETemssartied fiYoss; r(%)ya piebslabdity ﬁ’éﬂ@rsﬁ)p@nmﬁ
t hle t Tll(al ! %\ﬁ‘u&gle(lglay 5t I‘Tﬁgi% sze%lt Q?Xlilef #i& Jél ? 19}& ﬁ{a Qaﬂ‘fé hﬂgneq%g tive

nmu ayer structure havi eas uneven-nu

great er tdeamed (agg. nmggetlcamnedgmnamunﬁdfrmd@actee} sc’alahh dm toevegy sthill sec;
four, five, si.x,,seven tc. erro etjc ers 2) .a high
Stabi 11ty 4) TSRS nifrAdioby G Ry e st 0085 e
field car&gg&dmﬁdlﬂayérayer may enabl e nmagnetoresi stive devices (e.g.
magnetic tunnel junction (MIJ) devices) scal able down to very snall

si ze; or [PA4] G4 shewyhe seheatatio diagram pha meangterssistirdesiea AP eacreinghe

SAP SltSr ug& gaﬁotéréq{bggmtnéﬁ?s a0 %h&&ﬂeglgml Slce Zbggrgbéldeg B%eeéfﬁﬁggt%yﬁo

schemat i I'agram of a nmagnetoresistive eV| ce accor
vari ous etbodrenefi?s. havive: nagw@naiﬂesmgmmatd&m oreenP@ion] nardudes sentlistiee

magnetic | ayer str cture 02 h varl etizati o

o Lont at iBAETRRERCE R fEuBn 4 el dent PR BruhRterersgs

i ncl udi npog! J1easgtraidedeand ecs\re@nmgneﬂnblc dnay@ﬁt&"elz&ﬁagréﬁ&llym;@u}ﬁéd aggad
one over the other and antifen-omagnetjically coupled,, each

ferromg rfé‘f“i”ﬁagfI&V"e Fayo806, 268, 21918V ing\A fﬁ’geddn‘fgnﬁ%?“ﬁﬂg’ﬁé{‘tﬁﬁ%s iigrein the

or i enjpat 'fﬁs‘&mé@ﬂ@ﬁ@la?ert dRicupD20d Erﬁi B SNGRhde AnﬁYe?fonﬁgﬁé{&t W& seldul e

the synthetic antiftérromagnetic [ayer” structure are arranged one
over the ant fresnged one over the other.

[0045] In other words, the magnetoresistive device 200 may have a layer stack structure
having a free magnetic layer (FL) structure 202 that may serve as a storage layer, and a
synthetic antiferromagnetic (SAF) layer structure 204 having a multilayer arrangement
25  with at least three ferromagnetic (FM) layers 206, 208, 210. The free magnetic layer
structure 202 may have a magnetization orientation that may be variable or switchable
between two possible directions, for example in response to an electrical or magnetic
signal applied to the magnetoresistive device 200. The free magnetic layer structure 202
may be arranged over the synthetic antiferromagnetic layer structure 204 as shown in
30 FIG. 2A. However, it should be appreciated that the synthetic antiferromagnetic layer

structure 204 may instead be arranged over the free magnetic layer structure 202.



[ 0045] In other words, the magnetoresistive device 200 nay have a

| ayer stack structure having a free magnetic |layer (FL) structure 202
that nay serve as a storage |layer, and a synthetic antiferronmagnetic
(SAP) layer structure 204 having a multilayer arrangenent 25 with at
| east three ferromagnetic (FM |ayers 206, 208, 210. The free
magnetic | ayer structure 202 may have a nmagneti zation orientation

t hat may [0846] Hach bk eheothreewietraadicdc heiwe6, 08 J103sabhaedi magidtianin
for exanple in response to.an electrical or nmagneti.c signal applied
to the nutaibpe BRI e snHerds o#h mesetrg eriFuay R gsnealty peipt o
202 may hg .3k aREH SVEhndd @il Mefid maRMdah Mt RRBOREDING SR @hyer 206,
structure 204 as shown in 30FIG 2A. However, it should Be o
appr eci at¥9d; 28t maneesynfinet imagheitd flaser cirugives ihavinaye rixed r wegnstisatizn4
may i@stetg.%ngﬁm?rranged over the free magnetic |ayer structure 202.

[ 0046] Each o he three ferromagnetic |ayers 206, 208, 210 may have
a magnet i[88d7] Ghhealuee fdramagneticHayers 204, 2R&E 100omayi be aatahgsd omerodsr tha@ther.

magnet i zat.i.on orientation generall. oi in a single fixed or

by aned d TS RES iRy AR BRI FaY P8 ARGE ROTAGH Bediee
208, 210 mmheh®lader #XRE RO Ahbthierd RWBMaSididAhyer © 10 &Mk @raﬁ%@ﬁe&stal to
magneti zation 5orientation. [0047] The three ferromagnetic layers

206, 208, thefiee ragnyie layer stgereciie, whie thesmeining ferpmagnatiayayes 2A8 meat
one fgrr Q{E%&ﬂgédcbér@%&{ the g;g%,{r&m }%ﬁoﬁ{aggéggque? r29§'aH@lt}ret &isttap%ﬁ?fnﬁigl;/etige

magneti c layer“structure , anot her rromagnetic |ayer
arr anged layes 240. The ferembgredc hygn2da may by e vefstences layerg R202whilkhéack of the

remai ni ng. ferro eti r 208 may 10 be nged bet n the .
b ox ol PER AR RO 20k U0 e meblas Pl 1 8RS whacHe e mPRye
210. The Jhgs rrDEe@aLtacC ad aYRfercte6 MIRYhD Ered nifheiENEer kddire QRL) e.g\Mhe! €
each of the ferromagnetic |ayers 208, 210 may be a pinned |ayer (PL).

In this Wa3EneHZrEon sMiepiatign etli the fye rmamngtierdgyes citruglirg 208 efasive etof the
the fyee nRGBELki6n bAYRAH Il MEmalitetic §ay2r 204'R Lthe AR stored i
orientation of atlh% ?r eel magnet#c Tna%?rucs%}%hct ur g?g%%%r e%ata?ve Stog)edt]ﬁe
15 magnetthe &e¢ ormgoeticelayert stantuof 2@hd°of exzoptagwhbei thel raspertiv@0Bagragization
define the "value". stored in.the free m tic . Jayer structure 2.
For exanremeipor it A€ Dsatiie Bl 208 b, o EhmaieR 065 200
free magneiehed |payatiel P rstaed) uekitivd2o anch biher {@ichedeignd@t isemk aliRttiod)othar e
oriented paralle|l (P st_atee) relative o each other (oriented in the
same di r Se45PERYCsIstiMe dRAEh SV mayi kv elogeasisBVBn PAF sl sesistnce, to
resi siyi Videline 8N9” RERACE L AU "'WRLS IRNESecti® makheHSItioRSrRniaHonSHhE e
val ue. Wen the respective magneti zation orientations of the free
magnet i ¢ thagpetic yengugiuee 20andrtle féroniagnetimiayer06are anteparidd (APetate)
anti-paral] g t tive tq each.ot oriented.in,o it e
't ecttongyie fGech RieP ol el Aty MRS f i u IR %o
resi sti virhay, hasad highnedsthiitghanddehsd liple e:sistadcd &d defthea 11 Stattatveluer
val ue. [0Q04 PFor t he s&nt,heti c.antifefromagnetic |ayer structure
204, adj i ©fothe synthetic ~antiferromagnetic layer structure” 204, adjacent two
25  ferromagnetic layers may be antiferromagnetically coupled, e.g. through an
antiferromagnetic coupling (AFC) layer. In other words, the respective magnetization
orientations of the adjacent two ferromagnetic layers may be anti-aligned or anti-parallel
(oppositely directed). For example, the ferromagnetic layer 208 may be
antiferromagnetically coupled with each of the ferromagnetic layers 206, 210. Therefore,
30 the magnetization orientation of the ferromagnetic layer 208 may be anti-aligned

(oriented anti-parallel) to the respective magnetization orientations of the ferromagnetic



25 ferromagnetic |layers may be antiferronmagnetically coupled, e.g.

t hrough an antiferromagnetic coupling (AFC) layer. In other words,
the respective magnetization orientations of the adjacent two
ferromagnetic | ayers nay be anti-aligned or anti-parallel (oppositely
directed). For exanple, the ferromagnetic |ayer 208 may be
antiferromagnetically coupled with each of the ferromagnetic |ayers
206, 210.lajkhered, dd1®, TZE& alktenwmgnémi ﬂRtxiesmacmei Rllag‘taﬂlizﬂmnotﬁndnhmons of the

ferromag ticlae |-aI ned ri ented ant aral lel)

Lo the P dEbubree bheob, 20 on B tiehr it irele Pl P eftsbBner

llayers 206049330 theTtuIﬁeﬂlowamr@anaﬂheﬁtmhé RFR Gk e BRI R EZ Al Rife”

orientations of the ferronmagnetic Iayers 206, 210 may be aligned or
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free nagnetlc | ayer structure may be varied, depending on the degree
or ampuntiieyd (emeirreatndbe fieimarenels dyenPiGiaE anpomchige resaly fermmegnstise
magnet, C u r I t t

ot or Cal . PHEN, T U End e B L, SR b FeRRER shdmtllaion and
magnet i zatenmgnamdtlcdwerﬁagnmllyzatagmmﬁ .apd mgilytlmdlgrmtdl peg bavd a small
demagnet i.zed ave a. sna t.er I

coer o vi 1S Ctesis B s A 18R ety TR camiiamast & Trsd Epelii fieekies: he
cont ext ahe véié:Q6$ v@fﬁl@%{m&ﬁl&ms@-afffe&%dﬁﬁgfﬁhy& strapt@fe 184y M6d bE Eefery
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the fisee JIREAGL mboBintsS tHeUfdeYhSmbRY 196 st SR xﬁtﬁcagsea Ltaaag a 0501
In the context of variou$ embodi nents, the termfixed magnét 3, ayer
st r uct ur d903Hyin peeagoniextrafymasious em’azpélmestSr ﬂl@tt@me“ﬂrr@dmn@natuf laxeltistmctuw”
magneti za Qr hefl d _ma er Siructur

el ude” B aaRett LPRLR Mer Hfuube BTG paap PRl AT
mat er i al .mddnetid elay@rragﬁtemnec nmgt aicdhale af hiidde férrosﬁgnef&gnﬁﬁtbﬁall ayed soft

structure 20 ma be re t to magneti z n and demagneti zati on
(i.e. notfe%%tw fzﬁt& SHRMAENTHE TR a§ ﬁag RASEHS, Ay SHEgHre

hySt ef¢eSiday %&sﬁtﬂﬁt % MHaghetGRE6L hﬁ’d Hé’m%eﬁiaﬁoﬂ%ﬂé‘%t %éstll'y(}ﬂagn%tlﬂéd”ﬂﬁd
For exanpl €, each ferromagnetic |ayer 210 maK have a hard

ferromag rfbmagnqm@@r |aat:1 Bay agofa highr hm‘tﬁgﬁ%tlp@ it @r high | caghdyity ehdts

respectiy F8{ e)EaFl‘ga% gﬁého Hl% ﬁet%ﬁe%% €hoé %}8 ?Rﬁmag i]igve

are pinne an je antiterro netic
| ayer st rmhﬁrdriérrﬂﬂégne[neaﬁdt]:ndlnort h\&oﬂoﬁatramagmhc \adtetal,s whetaotie n’esptesuve

dovi 0. o EE NN Tl ETOrEenSis ierCoRmgORLll wE PG By fresHebiige fd

cont eyt  af qeash®iese ﬁﬁﬁ@%rﬁ@ﬁ%ﬁe labQeniB@neiar esi stive device 200 may
be enployed in a magnetoresistive randomaccess nenory (MRAM or a

read/ wr i tl80HEda thezmpiyabaf variouy emberdisentsibe rlwémt@re&@tweei%we 20§ enay be a
magneti c élﬂtt %@ﬁ&ﬁreg@ﬂvé@ﬂﬁf H&rlégodm%anep&agnetoresmtlve (TMR} device.

[0052] In the context of various embodiments, the magnetoresistive device 200 may be

employed in a magnetoresistive random-access memory (MRAM) or a read/write head.
30  [0053] In various embodiments, an effective magnetic thickness (or magnetic moment} of

the synthetic antiferromagnetic layer structure 204 may be at least substantially zero. This
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the synthetic antiferromagnetic |ayer structure 204 nay be at |east
substantially zero. This nmay nean that a sumof the respective
magneti c thicknesses of the three ferronmagnetic |ayers 206, 208, 210
may be at | east substantially zero. In other words, the vector sum of
the respective magnetic nonents in the synthetic antiferromagnetic

| ayer structure 204 may approach zero or may be at |east close to
zero. Thensf meen thana\sami cfuhe esspadiveemipscticSthidvacsgacafohe shrte Giroiagnetic

respective nm i ments of the three ferromagnetic | ayers 206,
208, 210 IR B0b. abg; AR B Fdesst BeE R By Et. TR pECvs B Necprsur of
pi Nni ng shabdshédiive Maghbic MbRichRlih GhA8ntHGE _raﬁﬁﬁ%ﬁltagﬁetﬂCQX sithérhet 1ue

204 (e.g. to provide a high exchange coupling field, Hex). [0054] In
t he cont ety #iPreashiZeipsordriBobl Aelaass closhto zase.meherafergniot Vasionh prokerimernts,or

I e e T R e e N e S
f er r omagrid®s] 210 ayebe dasignddnte Hehilederte zaro( 89 aofo mhiatairepimoimggrebilite of the

| ayer, i.e. magnetic thickness or magnetjc nonent. = (Mt I n various
enbod] merDEhCRG A HEmIEREHE R st ol P Rdp 53;1@5'\4 %’%CP?I@F&P%PIE’@A
(M Oef f epidly@i.fe O. This may help to inprove the pinning stability of
the synthetic 15antiferronmagnetic |ayer structure 204. [0055] In

vari ous dRPRAIIRehe sconfaxe afevariong gieiadimenay ethe JgBns Aruenaise thidkaesse eoy
the fgrra j rS,:20 RGN ] i.C at
is at 1%I eag;?a%gﬁ Clst?n gr?t?e?ﬁ gl I%V;}%egeﬁg%jr?[ 8 %ﬁ@nﬁ%@eﬁ%e r egl%!é%tl}llé\}g %&%ﬁ%ﬁt‘l{:}
t hi cknessgsivalent tvetht gproduraghtht incagnayatien 286, of21h6 ferfdmanatiy lageaand tet

(M-r-) E 08 1:.=. 1. OFM 206 (M OFM 210.. .20[ 0056] In_.various
enbodi rren‘%,%“etsﬁi‘) L rﬂi‘e%é‘&ﬁ@??%‘cﬁ&%r L5 JRAEARG thlé‘“gﬁsr%f REFCBr SR Tt o
the free (MBONBL V4&idud¥aibolinidatt Wrethe QgntABic SraN@rdndBAseldyer §thicakenoos
that is smaller than the respective magnetic thicknesses of the other

f er r omagri®erdhayerl Plog, ma elpThy dmpepye hide ppipyng edahikivt ple thsf symshetic

field.on I structure 202 generated by the

synt hlesti caglgﬁeﬁfogngg?%%géﬁgtsi&%‘!@é%‘r" structure 204. 25[0057] In various
enbodi merfD855] tthevasipnd lr@bodimant, ther feoomagetic dayea\POR sahdwiched betROeh they

further include at |east t ant i ferromagneti.c coupli.ng (AFC) |ayers,
wher o1 n_dovubpaEt e 0r IR Bk R BEhs MirigerdyEn gieshubse e
two anti fQuilaFBOaRE b tHeOMRece: MY RS thRMndISs VTHROESRANREhMRERyers 206,
respective adjacent ferromagnetic |ayers of the at |east three

f er r omagrd®i Ehip mpemeap eyt (@B M 2@ 2AMDhi 6 Tlyitirean- t hat t he synt hetic

g?agt Jof ©THOSE IR ShiiGus' YRSty He ke FoRDshe MR Yay 2R G5 bt £ a8 4D ANEl &
the free magnetic layer structure 202 may have a magnetic thickness that is smaller than
the respective magnetic thicknesses of the other ferromagnetic layers 208, 210. This may
help to reduce the offset field on the free magnetic layer structure 202 generated by the
synthetic antiferromagnetic layer structure 204.

25 [0057] In various embodiments, the synthetic antiferromagnetic layer structure 204 may
further include at least two antiferromagnetic coupling (AFC) layers, wherein a
respective antiferromagnetic coupling layer of the at least two antiferromagnetic coupling
layers may be arranged between respective adjacent ferromagnetic layers of the at least
three ferromagnetic layers 206, 208, 210. This may mean that the synthetic

30  antiferromagnetic layer structure 204 may have alternating layers of a

ferromagnetic (FM) layer and an antiferromagnetic coupling (AFC) layer. Therefore, the
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ferromagnetic (FM |ayer and an antifen-omagnetic coupling (AFC

| ayer. Therefore, the synthetic antiferromagnetic |ayer structure
204 may have a multilayer arrangenent having at |east three
ferromagnetic | ayers 206, 208, 210 and at |east two antiferronagnetic
coupling layers. [0058] In various enbodi nents, at |east one of the
two antiferromagnetic coupling layers 5 may be a netal spacer |ayer,
for exarrpiyathaticccandfmbhmgnanndlar;nernstrm:gnet2(1;1r sﬂpalﬁaaztei agndlaledr. arfhigenehtal

spacer er nma ncl ude rut heni um ( a ) p (Cu)
si | ver ( yingy & dieeﬁu) €& hiSGHnE ﬁ%w(“ér)la ﬁirsru H%Qg“r)g@ yap Tenst
nmetal i ¢ RahrrRgpeitlccofpERer®r its alloy. At least one of the two
ant i ferroma%etl c coupling layers may have a thickness of between

about 0. 50038} Invarieussunbodimgns, peleost enc abbatwo a@lfnmlamea%mlmg layersm

or betwe t n
where & natnopgt il BARCIAEE L BoBile Fedbalifie o A RAR R
may be aldew. ’Dhesmnmi [s;ﬁﬂaaQanafhﬁaymghﬂbanmemam (Rex) et lnen QIG0, dvpper (Cu),

L. synt HBEPCCSEN PR BhABHERRE (Ck) ard by (o< A8Y 2018 myfi nonmaBactic

anti f en- aii@adHe bl s AlRYE At [6ad oA oIHeaARE fiRAbAGEIC LOuPIAS 1S N8} hive a
antifen- omagwgtlc | ayer 15 structure 204. The synthetic

ant i f er r dhiskirss PE bPW%‘? alqut @ct iyn @ng ehoytedy B ebstyyeetorhoat -Svine And pleout 1
anti fgrr quRaNgkivtech W&T 1 dnla r}(@{ndn QS MR ﬁB‘?ﬁHrﬁﬂmé I%Qanrx égﬁ?&é ﬁg dnetal

magnetlzatlon oritentations o ethreeferromantlc ayer
208, 210 spager bereﬂmt:]ﬂadm mﬁxdm(um @), fthmmblmesspmayr\m)aomw § he.

Furt her 1R e ot i vioe0) LR o000 FH BT ORGHEE ATRD
| ayer st risgs uascﬁlﬁ%el%da&d pthlﬂeths y§yntiRtié Cartifértdn@dohONRINRE | rucRYSr204. The

structure 204. The spacer |ayer may include a material_ selected from
the groupnBEAOMeEnstls laver maydisdtiangsdadinsentio ﬂierﬁagﬁhé@q rraspggaptic lgyer

non- candUghi ANITAONRGHH B E1d:R laveR O hite BOF 3 0%, BB Wit

[0061] In various enbodi nents pacer’ | ayer may I ncl
non- conddb@ |anefmmagn¢tm Xyemalpn etiiqusnambedislents o thea mesp erdivk atnegnetization

mat eri al , udln to any one f._or y
conb! nat IS BFOaITREI e by S8 20 Dk T a6 Neeinet o 8
MyAl 20x) oalpdqnteﬂ)tw*nhaaquﬂr@kﬁagn&la@yel By arrangi ng a non conductive and

nonmagnetic material or jnsulator _as the spacer | ayer hetween the
free magri@¥6W Thgyeaensiorssistive eevas 209 ey eheyipeindg 3 @paaffﬁlmfeé ($lorhsgmesn ¢

layeryost et g n2iietid NByer structure 202 and the synthetic antiferromagnetic layer

structure 204. The spacer layer may include a material selected from the group consisting

of a conductive and non-magnetic material, a non-conductive and non-magnetic material,
and an insulator material.
[0061] In various embodiments, the spacer layer may include a non-conductive and non-
25  magnetic material, or an insulator material, for example including but not limited to any
one of or any combination of magnesium oxide (MgO), alumina (AlOy), spinel
(e.g. MgAl,Ox) and titanium oxide (TiO,). By arranging a non-conductive and non-
magnetic material or insulator as the spacer layer between the free magnetic layer
structure 202 and the synthetic antiferromagnetic layer structure 204, the
30 magnetoresistive device 200 may be configured as a tunnel magnetoresistive (TMR)

device. The spacer layer including a non-conductive and non-magnetic material may have
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30 nmagnetoresistive device 200 may be configured as a tunnel

magnet oresi stive (TVR) device. The spacer |ayer including a

non- conducti ve and non-magnetic material may have a thickness in a
range of between about 0.3 nm and about 2.0 run, e.g. between about
0.3 nmand about 1.5 nm between about 0.3 nm and about 0.8 nm

bet ween about 0.8 nm and about 2.0 nm between about 0.8 nm and about
1.5 nm ora thekuesein aboigt oﬂbéiweemﬂmudOébmuhmﬂabbuﬂirO&ﬁQ@EgZH:etlvweexva]fduc)os

enbodi nent s e spacer | aye i,nclu a copnductive a -
rmonet i o iainst dn P GEL buSHER ePiehen T A5 e GoET beeuteiy: AP

of or anybeahi iy, l&m&fn ARAPE {rflihd a8bktVIES nb\S) betd@bH alid¥)0.6 nm and

tantal um (Ta), chrom um (Cr), palladium (Pd), platinum(Pt), iridium

(Ir), rh P‘Hrﬂ]%ﬂﬁ) or ruthenium (Ru). By arranging a conductive and

non n e

magnet o DAL b eRBodEnEnRRRpald Bl ikl AR E by thd. non-

| ayer st rmn:gnani:e 124drjalt Her mmgnldbomelsldmgl et detvilicete@00 mmy d:me of or any

confi ured nt _mag SIS devij acer
i ncl Ugl nd Bﬁé’?l Bp%rngﬁhoﬁl i é(lm bi @pta fﬂi’i‘/ (-Fu[gaa/é’igmflﬁ?’c
of bet wegiau@chﬁmt (Pd) nplagingmalmyt irRlivin (1 ghodlimﬁvmm @baihenluf MR&NA B g

about 3 nm between about 1 tun and a out ) nm bet ween about 1.
run and #H80Eng arﬁ?pdk!ﬂﬂvwnéeﬂpm@gna%m@tegalmﬁ the) ap%bwelsbﬁweneﬂlg free

about;e3 nm nét%)fa?ér sTJ&% LR fsls ?ﬁthéﬁ% HBYdrfofha éﬁ% SBer id&&&lf‘er 204, the
i ncl ude a cance atlon ayer structure (or a ca I"ation fayer
(FCL)) comgnglmﬂt*tw@ dpviow 208 may ibel ccbnﬁgulcdrqsemgmne rmatgneima‘swm@ (GMR)
originatlc(%g mthe nthegcfantlf(gg etlcla % cture 204
In ot her WFls f‘t*‘f?é“‘%’ LT BYEF R %%P‘é%‘é ‘8“& ?Fb"ir?%aéftl?aﬁa or
of fsetti rtmiclfme@i df berwebd gbduttihem 22Q dbbed Fnfnge@. betkeay alsmlldﬂm%a%aﬁted
by the synthetic antiferromagnetic layer structure 204. a result,

any fiel & FRORVEHE Dght ham @%aﬁbpwr b? mBhagtvees ebcrwe‘irmgtaﬂ@@bwe‘i 01

acting onetiRnhh&R ITRIMRE doul SHAYT e 8L AdGH S 202 may be m nim sed or
removed. I n various enbodi nents, e respective fields generated by

t he cancdP0&H iThn inagmatorssistivst dﬂGCfari@Ot ey s@anhtreullocl:uc‘&nal ¢ancelbuttag nlayérc

| 20 t j.al |
ot et B Ao A R ¥R A PR SRR Pk
be a fer riona@ekl drigihawne irdmadiengmnéefic eftfetdmbgrtc ¢dylee sfhctee MONER otﬁ@r

total nonen selected to fully conpensate, or at |east counte
t he effeeﬂfqr@%-t G G@Per lﬁwa@fﬁrem%%@r%? FUPREG AR OT PEyRiRg é@é to ‘ffﬁ@t the10

of the SRRl §tr@ﬁﬁél&ﬁéé&1&mﬂﬁlth&sﬁﬁ}é% aftifeHEhbE R Mer QH&QQ@@@AL AR

vari ous enbodi nment's, t'’he cancellation | ayer structure nay be arranged
adj acent amgsullhany field e ks $ymthetiy antirromegnatio 1262 strwatue 204 @gkng on the

embodi M3 n{arégeti‘y %)@?t §fucture 202 may be minimised or removed. In various

embodiments, the respective fields generated by the cancellation layer structure and the

synthetic antiferromagnetic layer structure 204 may at least substantially cancel each
25  other.
[0064] In various embodiments, the cancellation layer structure may be a ferromagnetic
layer having a predetermined effective moment (or total moment) selected to fully
compensate, or at least counteract, the effective ficld from the three ferromagnetic
layers 206, 208, 210 of the synthetic antiferromagnetic layer structure 204.
30 [0065] In various embodiments, the cancellation layer structure may be arranged adjacent

to the free magnetic layer structure 202. In various embodiments, the synthetic
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antiferromagnetic layer structure 204 and the cancellation |ayer
structure may be arranged on opposite sides of the free nmagnetic

| ayer structure 202. [0066] In various enbodi nents, a nagneti zation
orientation of the cancellation |ayer structure may be oriented
anti-parallel to the magnetization orientation of the ferromagnetic

| ayer 206 that is arranged proximal to the free magnetic |ayer

st r uct ur ean#@2ronfa30& ] layidh etrnaae 204 ned the ichvellatéa layer 200ctue yndybetah@nged

i nclude a non-nmagneti ¢ spacer |ayer between tEe cancel l ation | ayer

st r uct ur LIIPRORIIFSIqes Qf HgdRTaraspeticlow stpetledite 202. The non- magneti c
spacer | qpeg6] B WwakidGd ¥fBolenROb thidhetiffioh LrRAGLSA o?Mh@RYnceRSRINNAYE0N
of 10 copper (Cu), silver (Ag), gold (Au), tantalum (Ta), chrom um
(Cr), palSaevrmnped)be prigaedumtirnlleli o dghenmegaeyizationo gremtaticah)ofothe
rutheniu : j e toreslstLve j.ce 200
is a hﬁg%%gwéth?hggggﬁﬁﬁggﬁitﬁ@géﬁg%grpﬁ%gﬁ? %%f$%n§%%d%gﬁég§egyﬁm
oxi de ( Mpfpetusgd(2el ( MgAl 20) and al um ni um oxi de (A10). The

nonnmagnet | cer |layer. my hav t hi ckpness .in a range of between
about 0. F0571 ks TassapTepisty d?‘fa%?i@d?ay 1aclpds HRARMABRSHE SeRcsr lawsr
and aboutbebwdctinhe RRicOBABINARGH stiletBradRdaE [RB A endtid My /RN 260 0tHe 2
nm and about 10 nm or between about 5 nm and about nm |In various

enbodi neriog:magnetia spaseiglarergnay inelude bpiinejdineitest tePnpyf oh any: gerelinption ofn

| ayer str r : j U [\ i

tho-cincabbth CIPHLRE (A8 IEhENATY GRIKEPHDIncRff €47 T6RadEh"6R)
st ruct ur el@02m ety jridiyma(dtj)ushb@iimg (Rie ot hatb&mnwaRof. It kmbadinrrots-wirgnétei C

spacer | ayer), and/.or ,control.li e .magneti zation or cqoercivity. o
*he  canc v TazkioR s e 1 8cs pAAR ARviCR ML SraraRs Menamer ey inetile
coer ci Vi tifag@iksitiieotiad QBIdPD! ispinel AYIBALSN I 4Hal LMkt Sad€ ghenyr THRAnby
the material (s) and/or |ayer arrangenent of the cancellation |ayer
st r uct ur eMagnelioRes liver yay ihauke Bipkdensiearange ohbetwasreaiontl-? s andybput
St ructur e gRy, foOCkiifflc SeftedllBot 0.4 BNCInd ol 5 BUETeSIEH S PhrmPhng
mul tilayer structure ?e. g. a nultilayer structuré of a plurality o
t he bi | ayabputs? nugbetmigsy) abdqud@a8ih andahoat i10 s, enbeotiicae abeit Stive and about 8
cancel | ation | ayer structure may incl ude nt het | . .
ont Fer rolfgRoRTEls Sienuiid e Rt U AR EPRRed By e saslginn e
| ayer i nchuduigmay Yeeadihistéd\by anhirdlihg ol diveint€ detwees QP attellation layer
ferromagnetic | ayeEs._ At | east one antiferromagnetic 30 coupling
| ayer nmayP HENE Bt fee magRaicdayes siuine 282 Anei Metdiviing i hickest of theg
| ayermeyhRennk@Odpstet TayRB! WRAG QLBARY! thathd fnefifABRHR k&R ilyYof the
coupl ed ferromagnetic |ayers. An

cancellation layer structure. In various embodiments, the coercivity of the cancellation

layer structure may be determined by the material(s) and/or layer arrangement of the

cancellation layer structure.

[0068] In various embodiments, the cancellation layer structure may include a single

25  layer, a bilayer structure or a multilayer structure (e.g. a multilayer structure of a plurality

of the bilayer structures).

[0069] In various embodiments, the cancellation layer structure may include a synthetic

antiferromagnetic layer structure, the synthetic antifferomagnetic layer including at least

two antiferromagnetically coupled ferromagnetic layers. At least one antiferromagnetic

30 coupling layer may be provided, where a respective antiferromagnetic coupling layer may

be arranged in between adjacent antiferromagnetically coupled ferromagnetic layers. An
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antiferromagnetic | ayer may be arranged adjacent to the cancellation
| ayer structure, for pinning the synthetic antiferromagnetic |ayer
structure of the cancellation |ayer structure. [0070] The
magnet or esi stive device 200 may further include a seed | ayer
structure, wherein the free magnetic |ayer structure 202 and the
synthetic antiferromagnetic layer 5 structure 204 nmay be arranged
over the mdédrohagedsticSlhyarabay ge arfdnged edjdcdna yethe shiidetlhtionelaparstructure, for
facilitate the formation aor growth of the free magnetic |ayer

4T UCt ur PFEDE WAV CIHEIHE 1By PRGHVE Chg AT POy LA S SHHER S e
204, for [BuANPIR SegRfortestAeNISUR 200 habl Rrdéy SleRldk 00 s&RNiaGerd Belcture,
magnetic properties for the free nmagnetic |ayer structure 202 and/or

t he synt heldrein dkg free magniigrlaysr stnetyeer 202t andcthe sentbgie. anfifpstoseaggeticalpger
st ructur EeTe] i nc i i.al
ol udh g ioiird AP dfkuBRPoRl i LU RALE ML 1A RAL lpay,
(Ta), palthabiatentheFidymativnasr gromi{ Bf Yhe fred hmghetiv lafRer) structoro B2 Emd/Gr Jhe

ni ckel (Ni t.ungst en . al um num , Jol ybdenum (Md), iron, ,
' Cani umphhete B GEPmtatsyic Yot GBRGuEA POBRPIHS atig retEr oS EP e
devi ce 2QQysi@sgtaphicnfl nhddabatdsoperfigPfok eCiecShidhetis! [ er kRichié A0DRM /or
over the free magnetic | ayer structure 202 and the synthetic

ant i f er r shagyehatie apafpapmagnatistlayes strapqure A4, Ergpsepdlayer drucivee mey inpdyde
i ncl uge r r dncl uding : hi i i

o 105 (R AimER S YRSl e b BeilBhE bfhot BRI P lthe §Pbr o
(Pd), pl avimbinatioRt df tentalueni (), ( Relladiwhr 6H),uml4tEu, (B kethepin) |, (Ru),

(agy. gortromigfh (CEL AT O nelRACHERIRR (. bl Mg FpmtiFhy
I n vari oygafiia QUi ERESAdD g colde@wrgnetic |ayer structure 202 and the
synthetic antiferromagnetic |ayer structure 204 na%%be arranged

bet ween tIAR7dddg magustoresistiyst dgvaceaded tpy duher dpepdes @y cap laver spragvs)
I 18 COBRXId Glor W10V SIERRYTEE Hhorals 0GR chOUEHn S HBHE BB
t he seedqﬁgy%? f% stfucta e nayﬂ%e c%nfigureg or ﬁge as e gbﬁ?@%gs
(e.g. topagmdtrogutecivelhe tapops wmsper iy @ojydeame e paoraiayersenelhding a
el ectrodes_.may .be f.or ar ..pr.oyi ded on t cap layer. structure
The seed aiya 18608k FRC ol RGPk Canf BopBipliof of b &%
enbodi menfaiaditih€PyYy, pRtinwg (RY) | ratheAinar (RaD,rdhedninm (Z0) nivkyl (NI kingsted (W),
singl e Ia¥er,or F bil ayer strycture or a nulgila er structure of a
pl ur al i t yypringRe(Adpgnelhdsnuey (Yieh ditaaum [Toosibier (et #olE bl xerbgn (O,
vari ogs qug?&qgwgﬁhwﬁggnQHironagnetic | ayer 206 that is arranged
proximal to the fre€ magnetic layer structure 202 may include a
singl e | d)@72]dn variys| aylmdimentsichaifiee oragaetisulbydr|sayepresi2uadithe spftheic
pluralit yanﬁi‘en%ﬁn%g@étlc%%?ér s?rhc[,tﬁlcet %491%33, be arranged between the seed layer structure

and the cap layer structure.

[0073] In the context of various embodiments, the cap layer structure and the seed layer

25  structure may be configured or used as electrodes (e.g. top and bottom electrodes

respectively) or separate metal electrodes may be formed or provided on the cap layer

structure and the seed layer structure.

[0074] In the context of various embodiments, the free magnetic layer structure 202 may

include a single layer or a bilayer structure or a multilayer structure of a plurality of the

30  bilayer structures.
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[0076] In the context of various enbodi ments, the "single |ayer"” may
mean a | ayer 5 which, by itself, has the desired properties, while
the conposite structures (e.g. bilayer structure or multilayer
structure) may nmean a structure which, as a conbination, has the
desired properties. [0077] In the context of various enbodi nents,
each ferromagnetic |ayer 206, 208, 210 may have a thickness that is

| ess t har[o@mllﬁ B0 Joriexf OF @ﬁ@ﬁ@bﬁb@&ﬁﬁéﬁ@ntl&b@éﬁoxﬂagﬁ&l&'[t{ireﬂ(ioebtﬁ&tt is20
nm between about 1 nm and about 10 nm bet ween about 10 nm and about

20 run, c¥rapgediweximgbiothe Gepmagngiicdpsnstructirg 202 owy &cluds asinglolager ora

enbodi m"‘% 1st‘rﬁ r&%&'ﬁ%ﬁglﬁ rs%&u{]eJﬁanggf&tg;F?}lellﬁ% & s?rg%x% t he

reference yer ess t to about rim(i.

10 nm), f[o076Xanhe eonmxtaof aﬂgelsoa’mttmdhmm thdb Oeingle Iaparamoayabeen alﬁyerm
e.g. bet bout bout 15 5 bet ween about 1 rim.and
Shout 3o 1T daastnbas Bk o R, SHIC 15 SHRORe B bR
nm and ah@ubtuRe cr}rﬁmtﬁlagelabﬁiéhu@ 4% me&0F Srudnite WHitH) US a REWBHafiB) thas tHehe
t hi ckness of the ferromagnetic |ayer 208 may be bet ween about 3 rim

and aboutdesigedrpraperdesy. bet vveen about 3 rimand about 10 nm between

about 3 jpip-Ang RbOYheS iR cad ol AR AROUL R0 DN 6

bet ween out nm an out
vari ous enpodiverribiskndshthat tsrlc,s#srtmboﬁt 2(hen fer examggn betiveer dapet 1 fv0anday

about U1 PO, JbErnbETesnate 2 i B Y- AR B e B A $EP
and about20kfhn, Wirbe@fee goMe 8 Ainddi@Ubodt ISidgm.and about 10 rim or between
about 5 rim and about 8 nm e.g. about 5 nm
[0078] In various embodiments, the thickness of the ferromagnetic layer 206 or the
reference layer (RL) may be less than or equal to about 10 nm (i.e. £ 10 nm), for example
in a range of between about 1 nm and about 10 nm, e.g. between about 1 nm and about

15 5 nm, between about 1 nm and about 2 nm, between about 5 nm and about 10 nm, or
between about 2 nm and about 5 nm, e.g. about 2 nm.

[0079] In various embodiments, the thickness of the ferromagnetic layer 208 may be
between about 3 nm and about 20 nm, e.g. between about 3 nm and about 10 nm,
between about 3 nm and about 8§ nm, between about 10 nm and about 20 nm, or between

20  about 7 nm and about 15 nm, e.g. about 7 nm.

[0080] In various embodiments, the thickness of the ferromagnetic layer 210 may be
between about 2 nm and about [9 nm, e.g. between about 2 nm and about 15 nm,
between about 2 nm and about 8 nm, between about 8 nm and about 19 nm, or between
about 5 nm and about 10 nm, or between about 5 nm and about 8 nm, e.g. about 5 nm.

25 [0081] In the context of various embodiments, the synthetic antiferromagnetic layer
structure 204 may include one or more further ferromagnetic layers. Correspondingly,
onc or more further antiferromagnetic coupling layers may also be provided in the
“synthetic antiferromagnetic layer structure 204.

[0082] In the context of various embodiments, the free magnetic layer structure 202 may

30 include a material including but not limited to cobalt (Co), iron (Fe), nickel (Ni),

boron (B), nitrogen (N), or an alloy including at least one of cobalt (Co), iron (Fe),
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25 [0081] In the context of various enbodi nents, the synthetic
antiferromagnetic layer structure 204 may i nclude one or nore further
ferromagnetic | ayers. Correspondi ngly, one or nore further
antiferromagnetic coupling |ayers nay al so be provided in the
synthetic antiferromagnetic |ayer structure 204. [0082] In the
context of various enbodi nents, the free magnetic |ayer structure 202

may 301 ndowsteB, dT&iicﬂdbl i lom@medmagaltwtsuap&s ¢dzmdsed:otzpes;qt@¢isl (KeRCAl

iron (Fe), nlckel (Ni ), boron nitro E) or an_all oy
i ncl udi ngrabeir eombinasion ast Ce@@zﬁdw i c&)‘Osz%@ﬂl( é;Cer%Sber{emx =gt to 1,

ni ckel ( Ler:.al | oy such as Co2WhSi, Co2FeSi, Fe2CrSi,
Fe2Cr Al oulr1 g{a?a“élg&n%?ngﬁogn as: Co2MhAl,Sii,, Co2FeAlxSit,,
Fe2Cr xCol [0083$|IJ;1 thﬁh@ﬂ@xxof‘v@lowelmboctmemymfremgmetiy layet strectide 2DDOBI]

Inth cant.ext qf . vari,ous he fre netlc

St r uosur RIE pkpie B RS, SERRTHOR Rre Mar B oy < WP e
bi | ayer shéludihgiiaefirsOlaydr BE heiy@Tal Stleeted Uromn it bodp ﬂ:@nﬂstfﬂgl’&t cdbalt gCoff
mat eri al sel ected fromthe group consi sting of cobalt

cobal t - i rehalt-terdf-obad 2eb rabalt-irpshonesr G FeBh Fam) 2 S&ﬁwdala;)éwﬁdnvts%r
of mater 'séiect%ﬁf Saf G gPJu?@th&m%r@I@'[ﬁQIl&ﬁﬁlﬁ'(P&)' PeRAm PR i mrfulﬁgP%FePt)

plati num (Pt), iron- i num ( allo cobal t - Iatln
al | oy, coﬂay,twbalopla(lmuﬁé¢03®allmycowmmé(w@hamdmrye@mbﬁwmn 1103reof For

th t 20 d
or ariie gt B ARG | BY Pl 0bY i SRAEY RRET OFF MBS
(Pd), pl q'CbDQET((C(fHe)X) EleRL'OI-QBbO)YWhHGGaas pARdival (), pleien OP),aRgPt alloy,
conmbi nation_of _these nmaterials conbi nati on of _ cobal t-1ron-pboron
( CoFeB), 1\([{“97‘ I\F‘?Ptrﬁﬁll%’a Pa?%rof a{‘t(‘}P‘%%I%W of ély?é? ma(t%'be/%v Wﬂﬁllﬂ%”ilqtlé’?é?f
and ( COFQ%BQQ 1r3ﬁ‘ BBﬂoh?E%FeE‘PXC@/{I\ﬁPmIHﬁﬂWePV@% mﬁ‘ﬁﬂ@ef‘ C(@oi’é/ﬁ‘) tlﬁlﬂlglayer

exarrple the free magneti c ayer StI’UCtUI’e n'ay i ncl ude
( CoFe/ Pd)asld (Rali¢Bie) Bnulakawrsm@}' alsofhe providedjedls alntoeflmatleg gxamnplp e free

| ayer e

(R pa et e 2t AR TP Pl having 5 lavers of GoFp arraneed
mul ti | ayealtesiitelict uvieh the lawrberofof Pdepefat s e)afantpnd ayaar sat-ramg:emnes afay
be nore tha r. _equal -3 4 5 o0or. a hi g nunb

20[ 0084] (Eﬁpﬁfﬁéfcegwﬁgﬁogaﬁ’@ﬁ%ﬁc@sﬁﬁ&ai FBnfwbodifpenis @'ét nagﬂaﬁﬁﬂeyer

| ayer st rsﬂﬁ&tufeeﬂl%%niﬁ%ﬁ/oﬂ%%&t@oftﬂﬂw&r&ﬁﬁ@tufbfs mtme AW cQudb t1) @Qd

about 10 run or exanpl e between about 0.8 nm and about 5 nm
bet ween 2vdufs Sorgnnhigheicnumbstt 2 nm bet ween about 2 nmand about 10

t
(L, R BB SRR AT NGB0 B A, RERIBRICARRY b5y
ferromagriave e tllnal;mss @ietweent dbout @8 enrreambabloayda@ nfoREgr emayipleretwicte ahout
t I | udi t | bal K
(ni > borbhipspd e ueberygen SppundS i B9 PR Lnbrreen okt 2 Bt
cobal t (GBbut i0 &R, b&iRken BEHRT fiB)and Abowt LKA of Bbtiveen abdHoA61m laRd tabeut

cont ext o6f various enbodi ments, the feffomagnetic | ayer 206 or the
nm.

25 [0085] In the context of various embodiments, the ferromagnetic layer 206 or the
reference layer (RL) may include a material including but not limited to cobalt (Co),
iron (Fe), nickel (Ni), boron (B), nitrogen (N), or an alloy including at least one of
cobalt (Co), iron (Fe), boron (B), or nickel (Ni).

[0086] In the context of various embodiments, the ferromagnetic layer 206 or the

30  reference layer (RL) may include cobalt-iron-boron (CoFeB), a (Co/Ni) bilayer structure,

or a bilayer structure including a first layer of material selected from the group consisting
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30reference | ayer (RL) may include cobalt-iron-boron (CoFeB), a

(Co/ N ) bilayer structure, or a bilayer structure including a first

| ayer of material selected fromthe group consisting of cobalt (Co),
cobalt-iron (CoFe) and cobalt-iron-boron (CoFeB), and a second | ayer
of material selected fromthe group consisting of palladium(Pd),
platinum (Pt), iron-platinum (FePt) alloy, cobalt-platinum (CoPt)

al | oy, cojgabbali (@, dobalebn AVEFS AYd COBEN-RGH-b&Bn (OSFBOS arddof seR¥ANRlES of
the ferromagnetic | ayer 206 or the reference 5 layer (RL) may include

a bi | ayermaeriz fﬁwptem By thef erpvgy cxysistingogde padiadigym ((E;@Fmtw)mm@,elrw s
pal | adi umy L), (Piy 'ﬂfé?‘e(clgfa%lt-pllzﬁﬁhna{)dr£¥ y aftBft ¢ @# A Q¥on (bR 90k b

conbi nati‘on ogn esema ria nat1on co aIt-l
(CoFeB), co@bisiiyn ntheredf. afjar exdqnGus, X)hemidzrrom@ylemq 1§y@0 F296X)or nilie t rdftaylme

d F B/X | il b d it
exanpe. TEYE CH) PniOERs & lager oo BhiHest (GalRumeBPe oo Peeo
may i ncl ugderd CoRe/ Raik&iunOi(PH, |Mielum @P1)COER andsﬁng@ld alldyer Oattecloy andyt h
5 layers of Pd, for exanple an arrangenent

( CoFe/ Pd/copbERrien ohthesrariennls iy exspanmipn Ofﬁ:ﬁbféhﬁ%b%m(@owi)h@ml)
mul ti | ay%ulafagantem namawﬁaﬁfpe% §EREALS alff (éHP‘eBb?)rmﬁfn'ia%rQF  Hag 6By

be nore than or e ua 2, or any gher
[ 0087] | rbetmewdclhtz%(a n@h lmnn@@sampfb,o‘diﬁ rfemrsagnea@ fhay@f ZOtﬁmer the reference

ferro gnet i rs ned | r (P

el e dBish LSS hepdduairredy slSdoRRd P Mhae B b LRI,
ant i f er orE@defor exdpAibhn hdy@iemeByofl (ToFe/He/ CaFRY AoF8/P df CuFePdi C'¢Fe/Pd). In
X-manganese or X-Y-pmnganese, wherein each of X and Y. includes but

not | i mi tsBHPOdiEnenfsaithg ﬂﬁu(lﬁﬂ?yer spuftrEa g AU mbey of epgath f hileysh)strustHEsa niph
(Rn), rmlﬁ?ﬁﬁrb'maﬁ%")e?&li td 5,Q 6Fek, s%PLIQQﬁgﬂermmbE}e context of various

enbodi nents, an anti erromagnetl c (AFM may have a thickness of
bet ween dBeRT L thej qontentioftssions @@btpdlmpntsmac Qﬁihplfmmm@mlaamaﬂiwlﬁ m

and out r| u ut 10 rim between about
10 n%lgan a}'bou"ltpn}é[be ﬁ%)\éhf%gl‘tv\gé’tﬁayl Elu@ %@ghﬁwe nd about 20 nm or

bet ween gbDeRS] I thid toraad dbaiibud dmbodim2bi{s)e @htiferonidgaettO(ABMY) lDfer may
vari ous e rrents the magnet or esi st i devi ce 20Q nmay hav

i n-pl ane n‘ﬁ?‘ﬁ%ﬂ Q“ﬂ%%&?ﬁ‘eﬁ%%%ﬁﬁé’aﬁ&@ﬁ% T ﬁacgrq?éﬁ?@(?(on
of a ferrgmaRadk (ho{ ﬁ)&ﬁ{ed rf@)@lé%ﬁmﬂﬁ(f& |1ﬁhadlﬁmt (*Pﬁ),ﬂh@ﬁh% @Ifr) th&ﬁhrﬁr(Rh),
surface of the ferromagnetic |layer. This may nean that

magnet i zatthemupr(RehewiteroFebf the ferromagnetic | ayer nay be at | east

Forr congyt®l P HEEMGE HTarlS, St LTS, BBRABRCE AP v oy

t he magndtaes eshisktricyseoftsprvem abo0t 4rain dndvabometfpengioc ukanplebetsat apout 4

Thi's may 1'11”'1!13 gl‘?d :Elbho%tt 26 ns rga%]e%}lla%ca)ﬁtif 1r1]moarnld% E)l?i:tlloonr}nobetween about 10 nm and
about 30 nm, between about 10 nm and about 20 nm or between about 8 nm and about
15 nm.

25  [0090] In the context of various embodiments, the magnetoresistive device 200 may have
in-plane anisotropy. This may mean that the magnetization orientation of a ferromagnetic
layer may be parallel to the plane of a major surface of the ferromagnetic layer. This may
mean that the magnetization orientation of the ferromagnetic layer may be at least
substantially perpendicular to a thickness direction of the ferromagnetic layer.

30 [0091] In the context of various embodiments, the magnetoresistive device 200 may have

perpendicular anisotropy. This may mean that the magnetization orientation of a
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ferromagnetic | ayer may be perpendicular to the plane of a major
surface of the ferromagnetic layer. This may nean that the

magneti zation orientation of the ferromagnetic | ayer may be at | east
substantially parallel to a thickness direction of the ferronagnetic
| ayer. 5100921 In the context of various enbodi nents, the term
"spacer |ayer"” may be interchangeably used with the term "separation
| ayer". [foR&ddgnetic tlhgercony et pabentidilau® arEbpAhewilt $, mijbie stufik Séfatee
state of the magnetoresistive device 200 y change as a result of a
change i rfejremagngts slayer ¢ Vhis 1 pggameps, ke tggn%saenéﬁﬂovapnemgtwn of the

enbodi rre%l%om&%}gti‘fs i£Rr Hﬁ?nﬁtait %ak%&aﬁﬁdil%a‘rﬁlf%l LAY tlﬁagle;sodigéﬁﬁ?n 8? the

synthetic antiterrormgnetic layer structdre 204 may be part o
f or m par tfemémagnetighet.c j uncti on of the magnetoresistive device 200.

O her | ay, scribed herein may also b rt _af or f.orm part of
the. mgndb 2l 86, EiRon Rk FbeRiifie, dng i hfinn SR OB 2
j uncti on inmychbercablyRgarbwitl theuanetsepasmidn layer{.MIJ) , for exanple for a
tunnel magpetaoresistive (TVMR) devig¢e. 15100951 In the, context of, |,

various dRtbHilAdsconterhed RHgHETRREnents: i 19EvAReS SO hlG MmIgneeresstye

form par tgeQfce 200MBAD tYar¥e Uk & Sosul ofa c&ng@gn%egi%ji@ti ve random access
menory (MRAM), for  exanple an MRAM wi th per pendi ¢Cul ar ani sotropy or

i n- pl ane (8094 dn thepsentexoobearions emhedigsntsethe fisp magnptiuleyersivdiireti2sand
the tar mtﬂe?q &l %I}%fgéx{c\ﬁ;\ﬁ%n%ty?% rlaé'gr LR-q9 FRYELS v aﬁtl N 'lmﬁgog?ﬁgart of a

arrangenen ere a are in contact W eac T Or “an
ar r angemandgnefie fmctidreof e thagnetosesatiee deyies 206 dthyr 1apers at destBitlédhaein
| ayer, e.qq. g spacer |ayer. 100@%1 FI G . 2B shows a flgiw.chart 220

i 1l ustratfRg® Wof FPmHRHLP  fPERT A HEGRet DR 88T SRS e ethe

accor di NgnicReNA@finelisn aiahadi zﬂ_ﬁﬂ%ﬁetic?tﬁhﬁ@?ﬁkti&ﬁ (R82), 8r EXeISBINLungel
| ayer structure having a variabl e nagnetization orientation is
formed. [O@DoPreaistivod MR) deiigchet i c anti f en- omagnetic |ayer structure

is f Olrsn‘erOS;S}i'qn ﬁ)é%ﬂl%&{ §f various embodiments, the magnetoresistive device 200 may be or

may form part of a memory device, e.g. a magnetoresistive random access
memory (MRAM), for example an MRAM with perpendicular anisotropy or in-plane
anisotropy.
[0096] In the context of various embodiments, the term “adjacent” as applied to two

20 layers may include an arrangement where the two layers are in contact with each other or
an arrangement where the two layers are separated by an intermediate layer, e.g. a spacer
layer.
[0097] FIG. 2B shows a flow chart 220 illustrating a method for manufacturing a
magnetoresistive device, according to various embodiments.

25 [0098] At 222, a free magnetic layer structure having a variable magnetization
orientation is formed.
[0099] At 224, a synthetic antiferromagnetic layer structure is formed, the synthetic
antiferromagnetic layer structure including at least three ferromagnetic layers arranged
one over the other and antiferromagnetically coupled, each ferromagnetic layer having a

30 fixed magnetization orientation, wherein the free magnetic layer structure and the

synthetic antiferromagnetic layer structure are arranged one over the other.
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antiferromagnetic layer structure including at |east three
ferromagnetic | ayers arranged one over the other and
antiferromagnetically coupled, each ferromagnetic |ayer having a

30fi xed magneti zation orientation, wherein the free magnetic | ayer
structure and the synthetic antiferromagnetic |ayer structure are
arranged one over the other. [0100] In various enbodi nents, an

ef f ecti vgonegriet vaicubi altwisaent, hﬂﬂeefﬁeyﬁtzéﬂahdg@lewtthﬂ‘chﬁﬁsn&gnﬁiei QyhthatRr
structure y be at | east subst ant i al y ze [ 0101] The net hod may
further 36l Smagsssl Iy strectpre gy deisbifastsy ar%l@%éqrare the

cancel | atfppyy] IThEemembl YakH TR hi b ?&T&H%par Qé(ﬂc%atﬁmf 1a§tid st @ure, the
conpensating a field 5 originating fromt nt hetic

ant i f er r caneplletiore 14ygy etruetirey confrgured) o @RJviden aviaeld oos compentiatipmtas fieldn
or der £ 0 YHFOTRlnaly 888 LRSS %, BPA e TENt  Oned pr obl ems

rel at ed 06NV Iona I'ces, var gt s may provide a
synt het i qoBo®]ilh e.fahbtmgmbbdlﬁleﬁtSAﬁ) ofdet ttcb Ioameﬁmstdrmtlwse addrosit g@chbofe-

two ferronmagnetjc |.a erence |layer, (RL) and a
pi nned | &} lotlﬁlawﬁlg% r@ﬁ%&%%}ﬁﬁ f%ﬁ@ﬂ&gﬁé’ﬁveu 3 ri}ni(nf‘gltmmmwﬁér
in a si ”ﬁ{)'gthéwnvﬁlﬁTérﬁiﬁﬂghetﬁAF (SAF? Sﬁﬁltﬂwe%l | ad8furd! ¥Rfa@USof  two

enbodi i ncl ude many FM | ayers (e.'g. nore than two FM | a ers

e.g. at |fe@®nagﬂ¢r1@éFMMawglvé¢ g)a eﬁf@remdyywt ) ayder pinfied fpyen@ie) 2
one 0C la%Yl omea IgetlcaE r}:ha?gg n(é[P‘e@ Iﬁ‘g& egl ptlﬁhlpo VQPIJ[IOtnI fl)a%gle %AFEAF

structure o VAFPOUS & uce
free | ayanultiby¢rOfGatiokd cﬁilbomméim\mmnﬁ:hhle ety PN ile@gfsé{ﬁ‘goﬁloﬂa than two FM

magnet or esi stive devige ., ac vari o s enbodi ment he
et or d1GEt - For IERT HEeeion Tniye BiS Bogy ARC Rl it Figs Gt OB LERpgher
devi ce Ored at 1A &vo NEAN g%)asmq@ Eﬂlﬂ@la&éﬂ‘@)F SRhe€ of VdMRus embodiments may
magnet oresi stive device 300 may have a stack structure. [0104] The

nagnetoré§qh§ﬁfhﬁem@éﬂe@e)n§b®frﬁﬁ yfiacl ude a seed layer (or seed |ayer
20 styruct 4 t @EM r

pi nnec‘? I Hi (Fgﬁ goﬁa §cg1%lﬁét§1ct Ir%odrrf%gn&\ cré(%gtr[}g ?%éé ayé?é?%
310a, a p{annmj Iemtbeth(eﬁ%isb) TBé)Sbnagaetowatstlf'earﬂmm@néO@c neyupbé ng | gigar
(AFCb) 310b, a ref. 312 spacer. | ay L) 314, a
oo | aydnuneDresprt (HHR e BE 1 apuR oPrdliiign 3 EMER eyttt
| ayer (orm#aptoladisbie 8évictCI00Ry 1348 a sk apeMire ayers may be in direct
contact with each other. As 25 may be seen in FIG 3, the nunber of

PL i s norl8144dheomasieiorgsisteadenmsa 360 dnp indedsop %ﬁ@é lape (ingred layer
AFC | Z??yerstﬂu&uf@@@é’r,tagaaﬂtlﬁ%m(agn&c (AEQB p%ﬁ@ﬁg 1%951 ﬁggjplﬁ%)ayer (PLa) 308a,

an antiferromagnetic coupling layer (AFCa) 310a, a pinned layer (PLb) 308b, an
antiferromagnetic coupling layer (AFCb) 310b, a reference layer (RL) 312, a spacer
layer (SL) 314, a free layer (FL) (or free magnetic layer structure) 316, and a cap layer
(or cap layer structure) 318. Adjacent layers may be in direct contact with each other. As
25 may be seen in FIG. 3, the number of PL is more than one (e.g. PLa 308a and PLb 308b)
and the number of AFC layer is more than one (e.g. AFCa 310a and AFCb 310b).
[0105] The pinned layer (PLa)} 308a, the antiferromagnetic coupling layer (AFCa) 310a,
the pinned layer (PLb) 308D, the antiferromagnetic coupling layer (AFCb) 310b and the
reference layer (RL) 312 form a synthetic antiferromagnetic (SAF) structure 302.
30 Therefore, the SAF structure 302 includes three ferromagnetic (FM) layers (PLa 308a,
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[ 0105] The pinned | ayer (PLa) 308a, the antiferromagnetic coupling

| ayer (AFCa) 310a, the pinned | ayer (PLb) 308b, the antiferromagnetic
coupling layer (AFCb) 310b and the reference layer (RL) 312 forma
synthetic antifen-omagnetic (SAF) structure 302. 30 Therefore, the
SAF structure 302 includes three ferromagnetic (FM |ayers (PLa 308a,
PLb 308b, and RL 312). The nmgnetization orientation of RL 312 may be
pi nned byPIIEBZSARASRE B¢ 21 Mhe 3thgneti AROO dridGatn AR 31D b fe pacpbe RS
shown in FIG 3, SAP structure 302 is a nultilayer structure

i ncl udi ngSF‘%%?t@é’wfr%r?’g%rragneti c (FM layers in the formof PLa 308a, 5
PLb 308b, [ofg% ﬂ—a%lnﬁﬁﬁgté&@mgfét hd SESAHTROTEE] G, W@J&F“&m@ﬁ'r:ecbot qy%rs
in the form of AFCa 310a and AFCb 310b. PLa 308a, PLb 308b, and

312 of t heuldapesstrugare inslu@orE thres famemagnetio ﬂébghlsaryﬁrcsan Itlye ﬁmmpflfé’cla 3D|8a,s
may an h P 308
and pep J08 iy T RERTS At R R0, Qhafl AR i

to each aaler3 I()a @d ATCH 3 E0b: DhmQo®d, PLAI30Fb,cond RIeB!)2 ofihé SQFtslﬂﬂcture 302

respective 10 netl zation ori ations of PLb 308b and RL 312 nmy
be anti- &% @H%%B Plaarﬁtrcalbéra‘rnlaf "hi aleayv@ie% ﬂéaéctﬁe JEHREFIVE magnetization

ant i f en- QiyRARAbAC8F PYa CO8PI84)PLLTBHSH Hﬁ%{ Al t(ﬁ@%)_ﬁo@ﬁe directions)
respectr ve magneti zation orientations o PLa 308a and may

al i gned paletye dp Gﬁqlil toifeer s Qe ditHercamnagnytiqaly acoupted),o véuleh tlo rréirpecﬂ‘ﬁe

magnel ariiaRiAt TRy R 408y SRl e A0, By B TERA, S Wbl

[0107] Asre]aﬂveatoaeqahe;thenhee eantifeeromesgneicalle sowtied) eThie \nhayeal80fhets tan the

i n-pl ane magneti zati on devi.ce, .the i zgtjon orie tion of PlLa
308a oy THURHverBiEatonanFrgins o5 LR Pt o ey Pes POl 4n

t he magnehd zahé Ae@ion§REIAGiveODd BichRither308S 0By stRRinit 3tOQV}ﬁ£)d§e tpli}ﬁneh%fyt
as illustrated by the arrow 320b, while the magnetization 20

or i ent at iAFMGO6RIThz maypireppithat hewmpenstizsion, paentations of RIy$? amay hey
the afro Syl be appreciated that the respective

magne{r z\éater%gl%&c?(ri:bgnt at ilégﬁs of PLa 308a, PLb 308b and RL 312 may

i nst ead d010W Asn anhexarepley sehaté r et hapnetdiesstivegmetice a3@lons oan emtpiaxieon

of FL 316, as.illustrated b earrow tce bet

P Gi v edbredRitatint BBt ife Phabdiadl itatRQh 0t FTY At R R dap i e
320d nmay rht,idd iBeytra@idehyothe Zbiow03 Zal ﬁﬁm@gﬁnzaeiohhﬁrenﬁﬂb@br POb 1308R ek
the right or towards the left. [0108] a further exanpl e, where the

nmagnet or 6¥it toyardietiec btz ge i“é‘StéPt?fbrbﬁeﬂ’Gl PV 32PRg rtilez | BASRESTAtion.
the naOnclicaalibPRr KLl oAbl %Bm?ftm%r@s a&t@g‘a@e iR Red OB Ao $20OR

(upwardly), as illustrated the arrow e magreti zation
ori ent at isbouldf be appreciated that the respective magnetization orientations of PLa 308a,

PLb 308b and RL 312 may instead point in the reverse direction. The magnetization
orientation of FL 316, as illustrated by the arrow 320d, may be switched between two
directions. As shown in FIG. 3, the magnetization orientation 320d may be in any one of
25  two directions, either pointing towards the right or towards the left.
[0108] As a further example, where the magnetoresistive device 300 is a perpendicular
magnetization device, the magnetization orientation of PLa 308a may point towards the
top (upwardly), as illustrated by the arrow 322a, the magnetization orientation of
PLb 208b may point towards the bottom (downwardly), as illustrated by the arrow 322b,
30  while the magnetization orientation of RL 312 may point towards the top (upwardly), as

illustrated by the arrow 322¢. It should be appreciated that the respective magnetization
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PLb 208b may point towards the bottom (downwardly), as illustrated by
the arrow 322b, 30 while the magnetization orientation of RL 312 may
point towards the top (upwardly), as illustrated by the arrow 322c.

It should be appreciated that the respective magneti zation
orientations of PLa 308a, PLb 308b and RL 312 may instead point in
the reverse direction. The magnetization orientation of FL 316, as

i |1 ustratednyiondref La030S32PAL 308p oel R B headiybi@ktesE pointdn the reverse
di rectio$. As ﬁgown in FILG 3, the rtrggrgﬁtizahi on orientation_322d
may be i fAYOTHAEC Sraspetizalien eriqnfasin of ELtHerasgdpstrfed Pydpaairay y2esh mey
downwar dlpg. shALRRA eRvebAr HAYISAIREREE, MRET shoWenif BlG.334 e Ragnetization
conductive and non-nmagnetic material, for exanple i nci udi ng %ut not
limted toieawiiond2domagrbeiry agp rivienedt tvon dtctivoppeithef @gjnting | yppeardly Aqy) |
gol d (;Au), “;n%t um (Ta), chromum (Cr), palladium(Pd), platinum
(Pt), iridium ), rhodium (Rh) or ruthenium (Ru), the

magnet or 8106 ilv eard@icabodiitnsayhdoeSh 3190 is@isndextive and héili@gndtio nvaadriabus

enbodi ment s where, SL 314 is a.non-conductive and nop- magnefic

mmteri al Bf SRR ltalt%fb%?@}lm&?c} o g}y QNEHHA @nY RRPPEIAHRR Sk fopreR (Cu)
limted t@vanyagneolaf (A2, amameTPhNahiaiual (CFRPAASHN @8, dfakMaO)py),
spine] (e.g. K{a@ gOX)(,Amz)al um na ?2\1)0), and t(lc?g%:iﬂum _oxig’e_b ((j% X), Xt ?1e
magnet or egglgm » thediuge(R0 er miheriemd REMgmegnstoresigive dedied 30hmaznbe dus
enbodj;mentsg JQlet he SAF nultilayer structure 302, the vector sum of
t he magnetization of each FM Il ayer (PLa 308a, PLb 308b, RL 312) may
be desi grietld} dn bericha@bédimerts ovlieoe Bhi Titdaisna pomaominclive bt nen-gnaghaic

rovide a hi exchange coupling field, .Hex,.. In other .words, the
oo ons et g A s o e gl o Datror S8 ie o4y fibafett o
t hi cknessn@fcoldberaBHr ofMhdehéMue loxsde! MEEOY, 8pidble. QFM%j?IIQ@x),S%ﬁpﬁHQ (Alayer
OWS.:

302 20 shown in FIG 3, Hex may be determ ned as fo .
(Equat i orfngyitaniurp pxide (18x), theapsgnpRrepirev e deviges WrpayehechBMGedegiceengt h

bet n i St i.zati on,
0o TP TR a0, AL e M ol HRIRRE 300, BOOEH B A"
(A 1MRa ithe tagnateatimet ¢fccath Fivk hess(Pdf 30Ba FIASH)SbaRH 1) meR beslesipred to

magneti c bterg: ocsié S 20 ?(; maintain pinning field, e.g. to provide a high exchange coupling field,

Hex. In other words, the design requirement may be provided to minimize the effective
magnetic thickness of the SAF multilayer structure 302. For the SAF multilayer 302
20  shown in FIG.3, Hex may be determined as follows:

J
(Mrt)Pb - (Mrt)Pa - (Mrt)R

He.\‘ oc

(Equation 2),

where J is the exchange strength between PLa 308a and AFM layer 306, M, is the
remanent magnetization, t is the thickness, (M;t)ps is the magnetic thickness of PLb 308b,
(Mit)p, is the magnetic thickness of PLa 308a, and (M;t)r is the magnetic thickness of
25 RL312.
[0112] In order to provide a high Hey, it is desired to have (M;t)py, = (M t)pa + (M;t)g, as
may be seen from Equation 2. Further, in order to reduce the offset field from the SAF
multilayer structure 302, for example onto FL 316, a small (M;t)g and a large (M;t)p, may
be provided so that the spatial loss of the stray field due to the individual magnetic layers
30  PLb 308b and RL 312 may be compensated by the larger moment of PLa 308a.
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25RL 312. [0112] In order to provide a high Hex, it is desired to
have (1\4,0pb (Mt)pa + (MVR, as may be seen from Equation 2.

Further, in order to reduce the offset field fromthe SAF nmultil ayer
structure 302, for exanple onto FL 316, a small (Mt)R and a | arge
(W>, may be provided so that the spatial |oss of the stray field due
to the individual nmagnetic layers 30 PLb 308b and RL 312 may be
conpensat[8tlPFIGhdAl siiogara phorst) of siPhbtédO8ifiset fibDil i@ larFintpladeAnmbnstie a

pl ot 400 of sinulated offset field for | an netic

DSt T or BB (5. A Rlei mArein gobe] BnPu TP AREERS for cifferpnt
device), thRkndds EdBbiBRIonk ¥ ae eGOMUERIhpAst Of S AH) SmANRY&EhdcBrding to
antifen-omagnetic é;SAF) mul tilayer, according to various enmbodi ment s.

FIG 4B Soass smhpdimentso Fi6. dBrshewed pipF 40 6f aimpdatedyoffsetsields for a

er pendi y (e. I
Ponet: o PSRARREhache i RbEARY Aol (60 (£, g RADRIGhEN Bhisqrony,
di ffer ent(PMJﬂL)cnhmﬁc anmb] Juattiomn@IDN) dehieels jicrrtdiﬁmicnt thitknhéss combagtiexds af
SAF) nul o vario enmbodi nents. In Fl
o) no- vht Bt AR o RBrtier yA ) PR e oo o yeopLapbditens Ta
t hl cknes 8§04 A lahe 4BetheGRAREGH ﬁfdidﬁtéd%ﬁﬁh@ xb‘ﬁ;%@p&éblﬁ AR roffecHid MR kalSes
302 of the enbodi nent of FIG . 10 The thicknesses are for the

r ef er enc @fthg/igFrompgnetig i@eWSQ%@ thaSAS] simenrs 3RPeefdhe pnbodimer A FdGPE-b
308b, ¢l abgle Aﬁggﬁﬁse{s B Ri H@refcﬁe%@é‘fa#]‘l @1991141&% &ﬁgﬁ%ﬁ éaijglg,a P 4 S8,

FIGS. 4A a m cromagneti cs si trons ow t
may be mmdMéﬁSMaﬂeﬁe&%@ BigPehe pinning stability with (Mt)pb =

(Mt)pa bserve 4A,. at _the.thickness
G oo Tohdy ik B8 o Yerdfis TR MBS R e gt icRinandich HIRicR,
PLb 308b saow tBbxatha%as ﬁélﬂem@;ff fbsethﬁmgle&i W ltb%pmgftﬁ@tpm&h staBINBY Q@Gkhi N
the i n-pl ane (size approximately 20 nm X I n ot her

wor ds, t HM!"Bﬁba‘s(Mtf)éd Jrcl(l\?n‘t)@sés 18y PEobseEss endbtathetd ﬂ&ﬁ ‘thﬁ’ktlﬁs of pbaiyiy
tpb 55 nmpangoiPAnm aﬁldrﬁpo&ﬁgr %ﬁﬂTeEﬁch{fJgﬁ fg%%‘ﬁser Vﬂg&’?g&%&% Ea 308ianthe

approximately 20 nmx 20 n as ‘may
order t o ofiskt feldmaxtbel effestivaly b@mawdualtheylnﬂ:émMTﬂ devibé tagzef apgtoet,lmathler

thi Cknes§gof t rﬁ)nléﬁlqun otlle? EE\)rrd It:ltll?:bbla:f)soi3 ggl cforg‘. c|> gergef\nasyl Iljeggktal}{ecl t{:lef‘aied

as conpa
2 nm, tpp, =7 nm and tp; = 5 nim.

[0115] For the PMA-MT]J device (size approximately 20 nm x 20 nm), as may be
20 observed in FIG. 4B, in order to fully or at least substantially remove the bias field, the
thickness of the middle layer (PLb 308b) should be slightly increased as compared to that
for the in-plane MTJ device, e.g. a thickness of approximately 7.5 nm for PLb 308b.
[0116] FIGS. 4C and 4D show respective plots of stray fields at the middle of a free layer
of a perpendicular magnetic anisotropy device, for different SAF structures for a 20 nm
25  (e.g. diameter) device and a 65 nm (e.g. diameter) device respectively, according to
various embodiments. For illustration purposes, a schematic diagram of a
magnetoresistive device 420 is shown, with the associated x-direction and y-direction
with respect to the magnetoresistive device 420. The legends indicated as “2SAF” refers
to a magnetoresistive device with a simple SAF structure having two FM layers where
30 each FM layer is 2 nm thick, while “3SAF” refers to a magnetoresistive device with a

SAF structure of various embodiments, having three FM layers where, based on the SAF
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for the in-plane MIJ device, e.g. a thickness of approximately 7.5 nm
for PLb 308b. 101161 FIGS. 4C and 4D show respective plots of stray
fields at the mddle of a free | ayer of a perpendi cul ar nagnetic

ani sotropy device, for different SAF structures for a 20 tun 25 (e.qg.
di aneter) device and a 65 nm (e.g. dianeter) device respectively,
according to various enbodinents. For illustration purposes, a
schemat i ctdtiags 302 @1Ga3rdgnaickiasdssbi Re ey PLe 3dR0andSPEN 808, ardabéut 2he

associated x-direction and_ y-direction with respect to t he
magnet or d¥-aPPYte RGP %boﬁléémnﬂf'ép?%%lﬁds i ndi cated as "2SAF" refers

to a rragq@ipnefqesnwﬁo@sey 1%?43@ &fﬁ’aﬁas'sﬁmﬁg%ﬁltﬁﬁﬁ Wﬂ(ﬁmﬂ@l\ﬂu@guﬁm

FM | ayers where 30 each | ayer is 2 tun thick, whil 3SAF" refers
to a magrisidr @QJCQW ved Cﬁévlt 6@4\ﬁﬁ31t 420 ngydevigerwith ar28 AdY SW&W@LEIG 4C also

enbodlne sed,on_t h

St uctur Sngys 1R A0 bR EAE Mok BYBSIVIEY By DRRSE SRl SARAF smuetpre,
308a ar e aabeesult24drfor aboOuin devivevadda aﬁﬁﬂtstrﬁctmm Inrl?isuom thfé&iojﬁtmh@ﬂl—l"?]
FIG 4C s ovvsa irstr 0 result 432 for a 20 _inn
devi ce wifPht ssﬁﬁfrca%f} &2 fﬁ? thedRgrnd aelsy 10 e g pammstsr iR e SEYAER
2SAF str La%rgtﬁe xlah&uﬁlcwﬁhéﬁl pl8t 454*00@1@ ntaBbR “1#4 Qorathe ¥R sTad <IN RMHRY

result 442 for a 20 nmdevice with a 3SAF structure and result 444
for a 20 legand scfeicte the samepapmpgtersbeing thgsesay figld glosg thgpdirgdtiennot at i ons

"Fr" for ax e f r.. t.o
par anet er[b{@«ll ng’ ltuaeS%s}?sr %él'o i45e Iépﬁals‘Bﬁ%hJI“ﬁg‘E@%Hlﬁgegtf?roan&t‘\Rﬁ dl'%%ng"‘"thl ot
440, t he 33ctRasthense akd feshlod54 e zyéﬁmrsdarm Wity 4 28aiF mﬂnetukeemmmeﬂl@r
to the sa ar eing the stra an .the. -direction.
10 [ 01151 hRYER PRI BhA e Eest Yiadheg 05 SOty Yibes SARSIUT o
65 nm deving @estttda4 o308 nit devick Uhith APTAF @ﬁwr&re4ﬁ4pl&arsoaﬂﬁ5lomﬁbﬂ§w®e
with a 25AF structure. FIG 4D also shows a pl ot of HYst r ay,

showi ng resthety-agpandHy fosthedegpadirelsr o thi Samssmn@tqr,dalw e givay field
resulfs 464, c%rI cﬁle dﬁéctfb'ﬁ‘ @ﬁﬂé félep,lwaﬁ}éﬁ ﬁle%§ﬁa‘€o d dpe &r tﬁ }aQ{S%h?t H458r e

not atl ons y-axi s an egen he” sane
par anet erl¢gdudlr¢fgr mh@ samquara‘meed:rdbelﬂéthalsmaggﬁﬁdalongdheryedﬂréatinn while in

pl ot 460, i,ons “Hi." f t - | egend
Perer vo MY SRR 4305ad B0 o, B6 aeCRios AP wrchbn okt D, (ORI
y-direct |"Qﬂ/L”[fQﬂ-ﬂt19]x dfis R S éﬁ&nﬂiﬁﬂed‘%@arﬁ&eﬁkxﬁére 4Srand iPbaivserdItinand
460 of FIG 4D, the term"2x/L" for the x-axis refers to a normallsed

par amet erl> WhEreex Tefas foathg apatial peyaretong the olitection ik 3 origippisthe geniefe

spatizp| mﬁetaeqf&eab@ngmms%n@aé&&t SR 1 m an origin at the center
20o0f the device 420, e L is the devicé size or | ength. [0120]

Furt her, [P120] $urtber, |1121§dreahmd thhie thef ¢ifset &l(bhdyrimyrdnmveérmhem @deytainn

2 prot atteRIS RS b 2P Bro-dlee WRe P RO SE s L frou Sl AR

ani sot r ofjeldi &t iaGrfeddigulaPMaghtit Dhevoiresy davidd (eq. PRIA- mﬁd@ic@y w@th aadwut
65 nm for different thi ckness conbi nations of the synthetic

ant i f er r SHUEFIEE i9€ $00RF)OSmiy i fosyeiftereat dBickngsy ¢asnkipgtiogs e FH?OGYW’LCS
Pl ot A70 SHRWInBReASUIF %njlﬁ’l% fer 208 uﬁfouﬁrrfé{@ ellﬂﬁ dlﬂlgnlls?LPI%f:L;

t hi ckness of about 5 nm and di i cknesese PLb 308
PLa 308a.th¢eesultvifipyaz BEAON, stpkcowe 470ngRIo3shovith a hiucln@smbf alpoput Sanm and

oi nned | ApareRAsRh bk BLbraoft md PUEPs! My CERER i b B B i

as conparieel rdsolttfvea conventional SAF structure (2SAF), where the reference layer and the

pinned layer have the same thickness of 5 nm. The results in FIG. 4E, as compared to the
30 results in FIG. 4B, show that as the thickness of RL 312 is inreased, thicker PLb 308b

and PLa 308a may be required to minimise or remove the bias field or offset field.
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30results in FIG 4B, show that as the thickness of RL 312 is

I nreased, thicker PLb 308b and PLa 308a nmay be required to mnimse
or renove the bias field or offset field. [0121] Wen the thickness
of the reference layer 312 is large, e.g. nore than 10 tun, the field
from PLb 308b may not be | arge enough to conpensate the stray field
of the reference |layer 312 due to the large spatial |loss of the field
from PLb [808H. Wkor theladipless ofvhe nefertencer lefer3dddelatgry ely. (neregtharCo-ef, the

| ayer) |s K her e na e chall ges i n 5red cing t fset
Frona to B Gor 'Ltk i T 128 RaFGo b FPARRAt GO STAESSRkPh Ty
a thi cknasgrébe lenmmaiueli6 siseliarde ldﬁéna[%)és bempiRM f&H Plerobheror %iﬁﬁlﬂélce
| ayer 312 in various enbodinents. [0122] In order to increase the

cancel | atWhss the aplgrengm layerd(e:8- drrfieBelanbily s dhickatheie may bp shellengergiad
adj acent r I r i ACH
ayer o ade i bRk MRl defddor sRRRANILE (N ARIIRANEL £ocBRRAY
Layer s t hathichkness pf (28 Bmtorlldﬂ;s e <nEgmetnaese movided flevtherfdéie et 3 5 @
simlarly present in the nagnetoresistive device 300 (FIG 3) are
denot ed B{PHESS t¥¥-er ence nureral s, and the corresponding

descri pti@]aherdaiitd Fn@ﬁa&etﬁg ca&@ﬁatﬁﬁ%ﬁ{ gfl %§&1§Bﬁa\f %al%ﬂétﬁﬁ 1 may be
further includes a cancellation | ayer cancel l ation 1ayer

(FCL) 502rmngeahedacead }md@nﬁreet byﬁL(EmGsematﬁdnbmgwetmfcgnstpcaemce i@er,agser
(SL) 04 J b r ang 5 n .. ECL 502 a

SAF structure lgo@h SR ge %ﬁ’amg&or S‘c%"eoge"é% ?%‘F?Ta elg Bt EE %fisé“p %53]
FCL 502 rm;;gnbmalshee dﬁnagmé)tthm a(rﬂijmilaﬂypfesumhﬂnthehﬁagnetosdmstmmW:e 300

pr edet er rly. selected to part aII or full ensat e
the addi U Be s Splediby e Farmi sefgrensy s (e sREePRAdiaggRserpions
various epbedii¥eMes. ThhgapRaNelianedesitt ¥60 further includes a cancellation layer or

field cancellation layer (FCL) 502 arranged adjacent to FL 316. A non-magnetic spacer

15 layer (SL) 504 may be arranged between FCL 502 and FL 316. FCL 502 and the SAF

structure 302 may be arranged on opposite sides of FL 316.
[0123] FCL 502 may be a ferromagnetic (FM) layer with its total moment predetermined
or properly selected to partially or fully compensate the additional stray field from
RL 312, PLb 308b and PLa 308a. In various embodiments, the magnetoresistive
20  device 500 combines the SAF multilayer structure 302 with the cancellation layer 502 to
cancel or at least minimise the offset field in any thickness range.
{0124] The magnetization orientation of FCL 502 and the magnetization orientation of
RL 312 may be anti-parallel, in other words, oriented in opposite directions, to further
reduce the field from the SAF structure 302. For example, based on the illustration in
25  FIG. 5A, in embodiments where the magnetoresistive device 500 is an in-plane
magnetization device, the magnetization orientation of FCL 502 may point towards the
left, as illustrated by the arrow 506. However, it should be appreciated that the
magnetization orientation 506 of FCL 502 may be reversed, depending on the
magnetization orientation 320c of RL 312. In embodiments where the magnetoresistive
30 device 500 is a perpendicular magnetization device, the magnetization orientation of

FCL 502 may point towards the bottom (downwardly), as illustrated by the arrow 508.
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20 devi ce 500 conbines the SAF nultilayer structure 302 with the
cancel |l ation | ayer 502 to cancel or at |east mnimse the offset
field in any thickness range. [0124] The nmgneti zation orientation of
FCL 502 and the magneti zation orientation of RL 312 may be
anti-parallel, in other words, oriented in opposite directions, to
further reduce the field fromthe SAF structure 302. For exanpl e,

based on Hdgeviel,|it!Slidudd boRppracidled thie th® Maghsrianhodhismaion BesLFChes02
magnet oresi stive device 500 is an in-plane magnetization device, the

magnet i zdRPOHE 1Y &k dencading pn thomagpstigalion QEFHAAIOREF @ERER2) ef t, as
| | ustrat t
Illustra [tﬁgzzdi»tnwgﬁo@rémdﬁﬁéﬂs glgewﬁaag s &gtgggﬂy&dom:@@@ﬁ G 3@%%]&3%

t he magne tion orientation may be revers
dependi ng]:yommﬂmﬁmgagmdtsﬁ@at ifom dili 8, afor cmalﬁﬁbcbsofchﬂglr&lme fhuckness of

mbodi t 30d 500
or portar it 1P Rt PR R Bkl T RodEr i D5 HCIn S g by
FCL 502 raajosRR@i By usgas deadnbec hadltingd( d@m\wmﬁl ¥od réfeais! sy afapsbridy

the arrow 508. However, it should be appreciated that the
magnet | zdAPHERYEGOBROEIPBN 508 of FCL 502 may be reversed, dependi ng

on the magngj iFal Slﬁ’ﬂllﬁfrh@@ﬁﬁ%ﬁ‘é& o%%%i%lc%xo&ceﬁ%% Jaﬁée@lﬁllod Ry% 3 aPéli*‘ay

enbodi nents, 'the field strength fromor” of may be adj usted” by
control | |ﬁa¢ﬂ proguad Sy arte s mnbmylét_stﬁmmre,faoqcorémam@t@oby ewhedigienig. ke 5B

th 0 t Th
keS8 it ol U FAEDRRARY e PR 5 RIS ViR AR
conposi t ifsd gmdy Ife}a@@hﬁiuoéd Byhede rsRgN@uItayet biidnay 802 aadplos 524 ﬂnlstratmg
[0126] FIG SBlllust gftsﬁhaeeffect of a field roduce

cancel | att}l‘i)ﬁaqcﬁl}"é’t‘mdﬁ °gt ield gergraidobn ECG 17 op @Rﬁtrﬁi’ll ‘telqy%‘}%Patmg

St T UCt Ur GyonR S AlE Bﬁllﬁleéf%frh&Hl% ﬁﬂbﬂg Hl'm%ﬂiat%d nﬂ;ﬁt 558 thél-gra?lm nfhyRJeOt
520 illustrating the r oduced 502, apo

i |1 ust ratfulr}ngcqlhl@nﬁat@bb’(hstﬁﬁgly ¢111éh€'(ﬁCIpﬁ@ﬁi@m@mofm@elgwlqmﬁttﬁeldayer

he 1ol dVERRAc 18 Breefiol s SHARk M HOEmARRTGe RN bl B by B

t he SAF mjd:atnbélhiy‘len lsﬁer LKct:mtlﬁflgStBZ\laﬂAﬂs bhlbu&trreﬂﬁs.eﬂon ﬂalﬁxlyqiurﬁt&és, dnhethe
stray field may he fii ens ted hy the field fromthe FCL 502,
t her eby pPFEYORENTYe éf’yi"e&ecﬂy Ade fi“é? yer (ﬂ% g‘él??‘“?g Emagpelizaiol O’Ae“é‘ftt?fl
530 of stifape &d\ﬁlv@r@ﬁlr@etﬁﬁgé"ﬁoWneiﬁ'ﬁG' yE. ”ﬁ%"l’a?& 524 Oanef th@ﬁﬁgn@oremstwe
cancel | atl on |l ayer, according to various enbodi nments. For ¢lari taﬁg

pur poses ,desise p40.thave 8 saeningivstsestipmivith diraengions “Wafaad aiekness &rof(aRpyt)
542 VI t I

hourt) n By "B B8R 00 RELER' 8L y9e el E SROMMAL BLETEL) Mtk
have a squwaitiengt. Gherekee tthogapeft lhmﬂlhasmnmmslayer 542and tiee griy akensds maly,
of about 0 12 tun, The_.gray area 544 r ferstot | a

Pt e mmoreT i fuay Bcpesr Pt fesphess DR AtFedradn ShisParts e B2 BHbtriee

nm bet weggydr irthay e Gdpareng44 ﬁQhQﬁlgbﬁlcﬂrlﬁ@neafk‘éd PR Yhd £E18 Calb@atidtefor the

t hi ckness of a spacer |ayer arrange bet ween the | ayer 542 and the

free | ayepsulisgptapsd in pied S§0P-alheadasted dimg 5S¢ ig peed gpr/Se calculatiomel thgaediglor
the fj.el b b

e | SO S0l S 1, SR TP i o
di st ance tbdre dehier obthadotteddbtesddied i n pl ot 530. A value of "0" for tha

radial di {ﬁiﬁ? (ﬁotrS%B eflos\;vst 1%S&Ith E?'ZCf%p g %agggt01teggtl &e&u%g SL&) (]v(lathStheGdlmensmn a
= 20 nm, result 534 for a magnetoresistive device 540 with the dimension, a = 65 nm, and
result 536 for a magnetoresistive device 540 with the dimension, a = 90 nm. As may be

30 observed, there may be a large stray field for a magnetoresistive device without a

cancellation layer.
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[0128] Plot 530 shows result 532 for a magnetoresistive device 540
with the dinension, a = 20 inn, result 534 for a magnetoresistive
device 540 with the dinension, a = 65 nm and result 536 for a

magnet oresi stive device 540 with the dinension, a = 90 nm As may be
30o0bserved, there may be a large stray field for a nmagnetoresistive
device without a cancellation layer. [0129] It should be appreciated
that whi l[@129]G shduld | Heugppradigsd tthat whike Fo@nsal {lakiraes kiay @he 20atellstion
arranged over__the SAF multilayer structure 302 for a magnetoresistive
devi ce wilE¥Fra0h st AERELP YT s SAE mylidsvsr ptrictusp 0% {qraj magpetoresistive dayice
302 is argangeghdi LR ARk mretmgo%@%ﬁt1hy£ R8Stutd 968 jOh. € 3¥he

mul tilayer structure 302 and FCL may be S5exchanged to prov

magnet or éwitiem, the relwestive pasitihnsoftthp S4B inmitilaysrstrugtoieIOP and FLILI 502 raytbed
in FIGS. e3 ﬁmdeé@f riotidSh?anlil getbx% 2R erd%%{' a%{e@ftthats .varli ous enbodi nent s
may be suitaDFE” P OBt AR prane ant st ropy dev e &8 and

per pendi doi30] Aniibedtaedy il IGSeS. ahd1534)] itThieouldi el apprédibic®Nthpr GELGS
or schene for_ the nagnetore {E%iiF devi ce of various. 10 enbodi nents
wi 1 now Heboduegts By lt?yswvége r oR BglpRSARIHEPUHOBN -deVieEY AR PESPSRAIPHEY .
Based on jlenBpgasiesesi stive device 500 having the SAP multilayer
structure 302, With a perpendicular anisotropy, the pinning direction
may be buPL31]dhednitishzationauoetss onschisingHor ehepaegnetoresivivnalavica @l wenous
hi gh ' poi nt.i ng-up™ pagnet i c .fj |- L. pmard. magnet i c. fiel d

At Cor oot itedtaltlt WIEHOELRE clleBhtt bl PR PRSI R gk Gbres
cancel | atBazed &b tHeayiggnebaSistny dbwicd FOQ havirigziae SBY rapplayengruatugo Mnyarith
magnetic field.,, the unidirectional easy axis .corresponding to. the
SAP mul tiqm@d@@aewa?@%f ki ‘%@bi’(%lﬁ‘flﬁh‘ﬁ oF REpduchd qlging high
anneal i NGeRPAERFS andeMEnd g REtibIZ 88 difthedip”afidnefic AEIAQE LS @Rl nREndihe
entire SAE Eultilgyer é??uctd%eﬁgéz|%%ﬁrun$%ecchaﬁ%ed é%%er %hgn.
initiali Z&ddorfisr cpadingsdown (e reg (drepessurgp featgnetizationaal thpeancellation
respegti tic, fi.el ed. t t f

var | ode aRSbavTEnre LA, BF RIS aohibal RSN, Bl e

mean an emédigetiomdkhsy fxavanabpanddigrteabé SAFofultlhoat amemws 302 has been set
magnet i zat ié)n. as, a rﬁsul t

f magnetic ani satropy,. The nagneti.zati.gn
or L ent at 1 BBIER ghrAgaRmePeE e B EE P e e G PhoR gL fhe
axis. [Olidle bAremundhysRNumchiay 308 MLy a¥eBe hERRH MerFMe ! ANRNSat0R - &F
four, si XFCL(,a I5 htlt’ shgzll%'be alpgreciated that the respective magnetic fields may be reversed. In

20  the context of various embodiments, the term “casy axis” as applied to magnetism may
mean an energetically favorable direction of spontaneous magnetization as a result of
magnetic anisotropy. The magnetization orientation of a ferromganetic layer may be
aligned along the easy axis.

[0132] In embodiments having an even number of FM layers (e.g. four, six, eight, etc.) in

25  the SAF multilayer (e.g. similar to a single SAF which has even number (two) of FM
layers), initialization of the cancellation layer may be done simultaneously during the
annealing process as the pinning field direction is the same as the desired magnetization
direction of the cancellation layer.

[0133] Different initilization schemes may be employed to provide a cancellation layer

30  having an opposite polarity to the reference layer, as will be described below.
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25 the SAP nultilayer (e.g. simlar to a single SAP which has even
nunber (two) of FMIlayers), initialization of the cancellation |ayer
may be done simnultaneously during the annealing process as the
pinning field direction is the sanme as the desired nagnetization
direction of the cancellation |ayer. [0133] Different
initilization schenes may be enployed to provide a cancellation | ayer
30havi ng Jammm@.ssmh@m af idifalizatidh&he @t S0 feetht Mh@hetoRBistd devil® 500
descri bed below. 101341 FIG 6A shows an initialization scheme 600
for the rEHhetdk assosding do yaypusecigimeniss Insnfirst siep Jpdicaied as 60%rs bigh

magnet i o PrafPmehanetl ARg B S Bl Pu e b AL pRY B

t he respebt raspeatirgmedgnetization avehanomst assosated soti BERE0R Fh HE, RI03]2,FL

316, RL , P 0 and PLa.308a to int int upwar,dl )

i r et o LSR8 AIcRRA 054 1 o & tenap vl Botise B o SR eRlg b £ ctep
field is indicoyes 04, Bic ni@néticefidld isSempidd ©6)no MM & uppByd)CRBISE Maf@ause
magneti zation orientation of PLb 308b to switch to a _downwardly .
di r ect i orfhe magnetizfjionprichisgon APy taswiolsto adevaardly divegfap. In a third
( downvr difpGhalbditfad BNEkersb iRld o MWl SoRRRE kEne ARSI Beapplicd,
respective magnetization orientations of 'FCL 502 and FL 316 to swtch
to a 10 cewwgthdrgspditivechagmatizating orievtetigs of iFEILd5G2eandt Hehl b svatrbved,
and the rgspectjve,. netj.,zat i on L ent ati,ons, of FCL 502 L 316 .and
PLb 305b PP BN PR hetl® R aintarat Pl PocETane #f e ripeetye
respect i \tRaghegacibn sathOHoRIJfFCIasON L. 8f6 Rid BLR 308K i3l beI0[ataiiY ibQ
mai ntai ned in %P upwardly direction. Therefore, the respective

ori ent at idgwEwgrdlEdirediipn, yhgle fhe meppeciyy npgnetizalion gapRtationsy Rt He and
15[ 01_35] I%ﬂaGSOQBm%QOM\@ Adintaibed | i@! M%&ah@fﬂlﬁ%‘%@ﬁmﬁ CTHtrefore, the respective
self-initialization schenme) 620 for a magnetoresistive device 500
havi ng a osiamatiefstaf [F&}eT02sand i’di I2eminld indpnepigdiresimsnunber (hi gher

t han t.wo) Bk ccar di t o, varijou nbodi tsa . E e of
u nderltsst ar{gl?jnsé ,F%gh% %{“\57\%3 %M %ﬁ g%}gmi S%hefrﬁetef%fs%?'é?lgalzngré §C§ﬁﬁ%fﬁ§% a
ar e showmagnetotdsistiGBdaviet 300chaiving tai S H Daltiloer sakeneimbRding dnl evBenumber

described, ip terms of t FM | ayers 20 (RL 312 and PL 308
et e bighem Tehcvgst M dyirrsrosbiding 6 ietiars gibedgmas. Fa Gie of
upward pqina&ﬂsﬂaﬂdiﬂ%gmy itfvo TENg 16k cP@n B RRR!dred. dys iang PR R BAREHLWAGN
whi ch may cause the respective nmagnetization orientations associ ated
wi th FCL H626B pnd thegnitigizagarp schame PO 308 be desgrbastinjterms|oé thepgwa kMl {ayers
directio t . t. ~NgiLC : i i.Sq-
ot R RLICRABL A0k ifudied iERIGN AR08 A0 «0F ndilified bESH) S nigh
sw t ch t apavardioigtmymagretiy fididrmegt beoapplidddurafeok By dnheénlimgswkich mag cause
orientatipns of .FCL 502 and RL 312 nay he in. siite directions.
O0156] * FItBE eggtctike masadizaiin, pridans Broatrt RaBiRAS 0L L 16 RO ang
sel f-ini thrakogzat pom iBahEe IpYardR0difRfioR IMBENBERTLH 8 sicpandieMbd & g%m_o
| S

according to various enbodi nrents. The magnetaresi stive device
simlar thsld Kerpkigsh sthinhanpy equse theayagmetizbion exerpiion ¢fRL g kb to switch to a

cancels atdo%?vﬁfeatlféﬁﬁ'éctioﬁ%her%ﬁge,ftﬂg L PERUIRhAGER! SF F¥E SRVAdkerEO ! S

a normal syn
may be in opposite directions.

[0136] FIG. 6C shows an initialization scheme (e.g. self-initialization scheme) 650 for a
magnetoresistive device 652, according to various embodiments. The magnetoresistive
device 652 is similar to the magnetoresistive device 500 except that the cancellation
30 layer, FCL, 502 for the magnetoresistive device 652 is a normal synthetic
antiferromagnetic (SAF) structure. The SAF structure 502 includes two
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antiferromagnetic (SAF) structure. The SAF structure 502 includes two
ferromagnetic (FM |ayers 654a, 654b, separated by a spacer |ayer
656, and pinned by an antiferromagnetic (AFM |ayer 658. [0137] In a
first step indicated as 660, a high upward pointing nagnetic field
may be applied during AFM anneal i ng, which nmay cause the respective
magnetization 5 orientations associated with the two FM | ayers 654a,
654b of Hekora@zhetiE[FM] fyerRlss 2 354Hlsbpaai8D bR A dp e AladEtdB 6} shdahabd byn
the upwardly direction. Subsequently, in a step indicated as 662, no
fieldis &&Bélfﬁoéﬂﬁn%i(éﬁwweégﬁ%e the respective nagnetization

orientati P, | r .0 SW ;
o dlOR) 1 ke SO0 AC6lUd U bpRafhdihiit b Gitb T may be
FM | ayer a2ppUed alwdnR AFM aapaling, | whitDopepstauee dihe eotspastizse  nddiBBkatiam

descri_bed above, the. t i c_antiferro net i c F i I
tructor SroTaYSs S DB M T S R oy FEb oy B S B2,
mor e t harPimeogbVhidapes S08ane pakidn A upay Il directign. BWbRqidadp, ne sAipC
| ayer). As_a non-limti r}g exanple, the SAF multilayer structure nay

i ncl ude tAMEHCERE 108yepe s asplich @hichy mrp cavEethe gywrectiRl aghryzatio
two pi nnegich@etSofl By 308 Shd BlearMngdydrledla td&hitd & a down%l:rgg (ziiirl%:ﬁon'

antiferromagnetically coupled, and two AFC | ayers (e. g

AFCD) . | nfhetedorsAfthemeispecting orienfatianst ofr e PVinlayergd B adnd| RLy3 iRagnapde in
achi el\éed o@éosltee:gﬁﬁ%tﬁo@g the material and/or thickness of any one FM

| ayer "or eh faye‘r so that (Mt)pb (MOPa (MOR The offset field
from t he [BFF8] M4 desdrihedabomy tHeayhhetic adifatomamene @A) nhdiiang strusied of
OVR and a large (M.t)pa so .t r]a t he s&a{?’iﬁal | oss 20 of the magnetic
field mayaHe T site mayyinglpge panyEM igyers (e-2- maredhareiva BMpasFIf@dan

addt i onalm&@n&p(tllgyte}@@‘% Infré thadbnB Ak d 1008 AS aeRlIInALAS BxdnIEthEBY FLE
pl aced adjacent to the Tree |ayer, separated by a non-nagneti'c spacer
| ayer. Theultihkeratuguronay gghide giage BM laydrarfpoerammia 4 wefqremge sy & Lwindh

its tqtal V,.Se tg t lJ: o] t
2 o ERG BLPPELY GE DG R bt i A somge g,
SAF 25st rtwotAR(elagérsVapi AbGa enbABCHE b the JAFLRAkilabeestpichune, pdnrstig staliilivye
with a synthetic.antiferromagpetic (SAF ltilayer structyre of
Var i ous. SRR HEIRVEY hgelPoadEs merel Flar Bkaesh PLenspR R G eech
sacri fi cipng 4R sPihaniNgg, St aldic] & YMIS TREBESet TRANESth Ghd S Guldil e 9D
(MrJ) devices (or t unnel
be reduced or removed by having a small (Mt)r and a large (M;t)p, so that the spatial loss
20  of the magnetic field may be compensated by the larger moment. In order to provide an
addtional cancellation field, an additional cancellation layer may be placed adjacent to the
free layer, separated by a non-magnetic spacer layer. The cancellation layer may be a
ferromagnetic (FM) layer with its total moment properly selected to partially or fully
compensate the additional stray field from the three ferromagnetic layers of the SAF
25  structure of various embodiments.
[0139] The pinning structure with a synthetic antiferromagnetic (SAF) multilayer
structure of various embodiments may reduce the offset of a bias point without sacrificing
the pinning stability for small magnetic tunnel junction {(MTJ) devices (or tunnel

magnetoresistive (TMR) devices) and giant magnetoresistive (GMR) devices. In addition,

30  the bias field may further be compensated using a cancellation layer adjacent to the free
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magnet oresi stive (TMR) devices) and gi ant nagnetoresistive (GWR)
devices. In addition, 30 the bias field may further be conpensated
using a cancellation | ayer adjacent to the free |ayer. The
initialization of the nmagnetization of the cancellation |ayer nay be
conpleted without affecting the pinning field. [0140] Wile the

i nvention has been particularly shown and described with reference to
speci fi c leydpoTliangitiatizatioh ofhotindgiegizativiesrshoamctliativhdser slsl bk @dmbRiddhe
art that various 5 changes inp formand detail rmay be nmade therein

wi t hout d’é‘ﬁ*"é’l“fi‘ tpg G RUMEnE BRI ¢ and scope of the invention as

def i ned gﬁlﬁid']‘ %@@&@%&Enﬁb@hé@beeﬁ%ﬂ&ﬁ&ﬁ? sRfwh BRd HEKADEd Qfth keteteRYSto

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

t he neanisperingembaditnentsf itethahMabbeemadersidodt bie thobaskilledire thehast dfad various

| nt enged cﬁl&ng%? b FOLPGEH detai nrAa' N miade fefiRd Qv%hQ&t.ed% %%i'n‘“’fm%?‘ﬁ'fecsepiﬁt and
conpri’si ng: ree magne?l c rayers F uctur & Ravi ng a variable

magnet i zatomnofahe érveatioroas; defindd b tiee spphdedtdamarThd ebpootuyinehveatibrajser
structure conprisin t least, three ferrqQmagnetic |ayers arranged, one
over the BthiHicaid by, FRAPETREAES B4 qlg/cofeagﬁm%la?h EABR W BirdgiatEc

| 'ayer having@are bf $QAvAIBRYF tERNdiRB aRl th&BloRd inRRded to be entpRkgi N the
free magnetic layer strucCcture and the synthetic antiferronmagnetic

| ayer structure are arranged one over the other. 10

30



2. The magnetoresistive device as clainmed in claiml, wherein an
effective magnetic thickness of the synthetic antiferromagnetic |ayer
structure is at |east substantially zero. 3. The magnetoresistive
device as claimed in claim1l, wherein, for the at |least three 15
ferromagnetic | ayers arranged one over the other, a ferromagnetic

| ayer that is arranged proximal to the free nmagnetic |ayer structure
has a magnEAIMSt hi ckness that is smaller than the respective nmagnetic
t hi cknesses of the other ferromagnetic |ayers. 4. The

magnet oresi stive device as clained in claiml, wherein the synthetic
20ant i f erk omaghByERetpISSigveddeyise FOPRIISIRE t her conprises at |east two

antiferromagnetd.& rﬁ%%ljlgii% 139! sSBUEDLR: having a vatBRE GlaBndiARGPE St ¥Bn; and

antiferromagnetic c ng layer of the at [east two antifentnagnetic
coupl isng | ayeras dysthatic angdeiriieignetn layspeutucinee achramentg far lowhagthete ¢
| ayers of . the at .least three ferro netic Jayers. 25 5. The

et or JEFURPHEtE By PSS e AL T OUFLAH T RRP I ST gl
ant i f er r qeRanStretc lyvehavaRy figdetbnb@zafbM ofii@atiNt hetic |
antifen-omagnetic |ayer structure. 6. The gggnetoresLstlye devi ce_ as
claimed in cl aybsrein thefiesgpagnstin daysr whueiuepands theapyngliple Hkifeproarsengiic

free mgﬁ@}&@nﬁ&&%fa%é&rfrﬁgéd%& o%fjthEBﬁleEYnt hetic antiferronmagnetic

| ayer structure. € magnet oresi stive device as clainmed in claim
1, fultther conprising a cancellation [ayer structure configured to

provi de ?.f i elﬁ%ﬁ&}%ﬁg@ﬁ%@ﬁ%& evfic%raszl:{a\fjrhg 131],0 :?(iingf-,r\]wvahte;'eri]lgalg craf?ergtitvg %agnetic

synt heti ¢ anti ayer
thickness of the synthetic antiferromagnetic layer structure is at least substantially zero.

3. The magnetoresistive device as claimed in claim 1, wherein, for the at least three
15 ferromagnetic layers arranged one over the other, a ferromagnetic layer that is arranged
proximal to the free magnetic layer structure has a magnetic thickness that is smaller than

the respective magnetic thicknesses of the other ferromagnetic layers.

4, The magnetoresistive device as claimed in claim 1, wherein the synthetic
20  antiferromagnetic layer structure further comprises
at least two antiferromagnetic coupling layers,
wherein a respective antiferromagnetic coupling layer of the at least two
antiferromagnetic coupling layers is arranged between respective adjacent ferromagnetic
layers of the at least three ferromagnetic layers.
25
5. The magnetoresistive device as claimed in claim 1, further comprising an

antiferromagnetic layer configured to pin the synthetic antiferromagnetic layer structure.
6. The magnetoresistive device as claimed in claim 1, further comprising a spacer

30 layer between the free magnetic layer structure and the synthetic antiferromagnetic layer

structure.
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S 8. The magnetoresistive device as clainmed in claim7, wherein the
synthetic antiferromagnetic |ayer structure and the cancell ation

| ayer structure are an-anged on opposite sides of the free magnetic

| ayer structure. 109. The magnetoresi stive device as clainmed in claim
7, wherein a magnetization orientation of the cancellation |ayer
structure is anti-parallel to the nagnetization orientation of the
ferromagnetic |ayer of the at |east three ferronagnetic | ayers that
is arrang;d pHﬁéinal to the free magnetjc |ayer structure. 1510. The
magnet or €si st i W8 HEFRLYCHEIVE| dfvier & nclaimgdnity claimel eifprthgecomprising a
cancel | atd,Qaiha%e fayet SHEeCoHIRISRS pid vl hld f RBhbERAECIRANBEIIC

| ayer structure, the synthetic antiferonagnetic |ayer conprising at

| east t worigmalifig fiorthe sathetialahyfeoompgretic laer gmeymet i ¢ | ayers.

2011. The nmagnetoresi stive device as clainmed in claim7, further
conpri'sing a non- magnetic spacer |ayer between the cancellation

| ayer strauct urktheandghdiarefistbe d@geeetas ColaimperinStlalhet Ur ®@herein e sytiBetic
nagnetoresLﬁgive devi ce as claine& Ln claiml, further conprising a
seed 25| FpEieroMmagpitis, Byer\HBICBIS appdhg canselliziipneleyd staipire 8t fEangrd o8nd

the SyntQﬁ@&ﬁw@ﬂkkBP&&%%@QB%B&RHL@%%ﬁuéﬁ&UCFUre are arranged over the
seed | ayer. 13. The magnétoresistive device as clained in claim1,

further conprising a cap layer structure arranged over the free
magnet ¢  ayernStEUGLHEE 08 JReSHNUNGLC,30AR b SR RIRANGHLE . A"
structure.” 14.The Tragnetoresistivé device as clained in clarm1,
wher ei n tduenfatiere afatheetdncellation layer structure is anti-parallel to the magnetization
orientation of the ferromagnetic layer of the at least three ferromagnetic layers that is

arranged proximal to the free magnetic layer structure.

15 10.  The magnetoresistive device as claimed in claim 7, wherein the cancellation layer
structure comprises a synthetic antiferromagnetic layer structure, the synthetic
antiferomagnetic layer comprising at least two antiferromagnetically coupled

ferromagnetic layers.

20 11.  The magnetoresistive device as claimed in claim 7, further comprising a non-
magnetic spacer layer between the cancellation layer structure and the free magnetic layer

structure.

12.  The magnetoresistive device as claimed in claim 1, further comprising a seed
25 layer structure, wherein the free magnetic layer structure and the synthetic

antiferromagnetic layer structure are arranged over the seed layer.
13.  The magnetoresistive device as claimed in claim 1, further comprising a cap layer

structure arranged over the free magnetic layer structure and the synthetic

30  antiferromagnetic layer structure.
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| ayer structure conprises a single nagnetic |ayer or a bilayer
structure or a nmultilayer structure conprising a plurality of bilayer
structures. 515. The nagnetoresi stive device as clainmed in claiml1,
wherein the ferromagnetic layer that is arranged proximal to the free
magnetic | ayer structure conprises a single nagnetic |ayer or a

bi | ayer structure or a nultilayer structure conprising a plurality of

bi l ayer sfar uctTheafagntdibisline derignat elaahedid viaingay vdRreas titd RédTBAghdlic
claim1l1, wherein each ferronmagnetic |ayer has a thickness that Is
| ess t harl2¥sbStitictors Gpmprises 4 pingleynagnstin st 85 dtilaye YaehiEeons niltiieked

in clainhguaﬁﬂg%gj-sﬁgq gﬁ@q@hgm@p&hkgﬁggnagnetic | ayer structure

conpri ses one or re"furthef ferromagnetic |layers. 15 18. A nethod
for form ng a magnetoresi stive device, the nethod conprising: form ng

afre neti.¢c | ayer structure havi a, vari abl.e net,i zation .
ori entat fgn: - dig agnecnestsi et 3 <t (P HOD 1 IRAOE M R flenetse,
St ruct ur gaye® At iis bftgnget predsial ththeefredOhagiedilgRe irgethrd @ hpridds’ ABHER
one over the other and antiferronmagnetically coupl ed, each .

f er r omagAB8RENg Kyer o DilaNgr SUPSIWEPT PagHEHAYSE BisHIre COWREISING @ plurality of
wherei n tigydsegcdgnetic layer structure and the synthetic
antifen-omagnetic |ayer structure are arranged one over the other.
2519. The nethod as clainmed in claim 18, wherein an effective magnetic

t hi ckness, .of nt.het i i.ferr etic.layer, structu i .
| castioount ant TP s ar syb Al HLANRRACH i Slp b Hidf phafc
further deyephisd thipkhessmiands lassahancablolied( 01, | ayer structure, the
cancel l ation layer structure configured to provide a field for

30conpensating a field originating fromthe synthetic
anti f err qyagnatheCmbh@¥edresiitidCHMI& as claimed in claim 1, wherein the synthetic

antiferromagnetic layer structure comprises one or more further ferromagnetic layers.
15
18. A method for forming a magnetoresistive device, the method comprising:
forming a free magnetic layer structure having a variable magnetization
orientation; and
forming a synthetic antiferromagnetic layer structure comprising at least three
20  ferromagnetic layers arranged one over the other and antiferromagnetically coupled, each
ferromagnetic layer having a fixed magnetization orientation,
wherein the free magnetic layer structure and the synthetic antiferromagnetic

layer structure are arranged one over the other.

25 19,  The method as claimed in claim 18, wherein an effective magnetic thickness of

the synthetic antiferromagnetic layer structure is at least substantially zero.
20.  The method as claimed in claim 18, further comprising forming a cancellation

layer structure, the cancellation layer structure configured to provide a field for

30 compensating a field originating from the synthetic antiferromagnetic layer structure.
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