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BACKGROUND OF | NVENTION G ant magnetoreSistive (GVWR) nmaterials are

nat eri al s whose el ectrical resistance changes when brought in contact with
a magnetic field. Because of this property, GVR materials a din
the read el enent of a read/wite head used to read data recpmﬂﬁmmﬁmwmm

hi gh-density magnetic disk. Unlike inductive heads in which on
the medium,. induces the current across a gap, the GVR mechani 8#¥% an

active elenent with current flowing through it. The magneti cmm"m"mgmm;\g
the bit increases the resist ' in-fi etic |

read head, and a read cﬁM@iﬁ%ﬁMs{)g\pﬁ@g@ head jet ects
difference in current dYENSREGON NeACHNELICSENITRALE. Because ¥Heads
are nore sensitive to weaker fields than the earlier inductive read coils,
GVR read heads are widely used in magnetic data storage systens because as
storage capacity increases, the bit gets smaller and its magnetic field
beconmes weaker. GWR heads typically include additional thin filnms in the
sensing elenent to facilitate the change in resistance caused by a nagnetic
field. Atypical GWR read head includes a GVR sensing | ayer sandw ched
between two shield | ayers. The GWR sensing |layer is typically fornmed in a
patterne | 1] re including at |east a non-nmagnetic netal

| ayer %&m@%@ﬁtr&yﬁﬁéﬁagneti c layers. \Wen the magnetic nonents of
the ferromagnetic  layers are parallel, -the GWR sensing | ayer has a | ow

el ectrical resi st &fieet mamatosesitivg (GMFe inaterialherg meaterialsighasgelecticat he
ferromagnetic | ayers are anti-parallel, the GVR sensing |ayer has a high

el ect resisthnoeahiasgeaveen bitveght es@intact with afmagnetic feld. Beeaws0f this fropestysel vy
proportional to the distance (or gap) between the shield | ayers.

Accor diM@! tiatetible assrafidretised vethg agad(edsmetit B€l@vdad/virite hegdamed to tehd dite s@btded on of
the read el enent, hence permtting the data to be recorded nore densely on

the r R KibRWeARE MEEndH ik QMNkE IR cfe Ka@HimdpKIsh ¥ daRast SERE nftafign

including a GWR sensing layer is a spin valve read head. In this structure,

at | eggd, 8 theliient gtfrii%%%@?@%l\kﬁwchﬁxﬁf&% &P&ti@gjslgﬁl? witl? o ént ﬂf)wh‘%e

ferromagnetic layers o sensing layer to pin the nagnetization of

that ferr gretic laver.such that .the direction of th etic spin of
the pifiseB Tor P agels il oP BertiEe it e Shaise o f UBTRR. PoeRR ", o
severgl hundre Cer st ed ) _in magneti ield t he ot her hand, the

di recﬁ?’ﬁ“'ﬁo %‘Q‘ﬁ&lﬁwﬁf'@a&?q’,("ﬁfiﬁeagf”rf"%éc‘?"rpi‘é{tpékr‘erg?ﬂ%Wé? ﬁead' ‘J}&ﬂs 8 freely
varied.tgy an external magnetic field. As a result, there can be achieved a
ragnetdieenes infaErephdnrde theinrigasd respgsence. BecaiseSMR heads gremeregensitiiedaet i ¢
field range. According to spin valve read head designs, the

ant i - fesakerfigide thap thegaslierripdyctive read coils, GMR read heads are widely used in magnetic

data storage systems because as storage capacity increases, the bit gets smaller and its magnetic
field becomes weaker.

GMR heads typically include additional thin films in the sensing element to
facilitate the change in resistance caused by a magnetic field. A typical GMR read head includes
a GMR sensing layer sandwiched between two shield layers. The GMR sensing layer is
typically formed in a patterned multilayer structure including at least a non-magnetic metal layer

sandwiched by two ferromagnetic layers. When the magnetic moments of the ferromagnetic



be sufficiently sized to pin the nmagnetization of the pinned ferronmagnetic
| ayer. Accordingly, there is a practical Iimt to howthin the
anti-ferromagnetic |ayer nay be fabricated, preventing further reduction of
the shield-to-shield spacing, hence [imting the linear recording density.
For current spin valve and advanced spin val ve head designs, the

ant i - f efeanRepehilg, IR XAVR IR £@lal ¥ 188 18y ERLEHAGSSsIERRARINvERER, dRentle AS @
result, 'the wdth of the GWR el efrent of current and advanced spin val ve

head desi gns. is_ordinari 30 nm or greater hch i Wi f or._ hi gher
densi ¢ JERNs olmebfier te fetomeedite My arai ot oRelsh ok Al bt &' 07
addition, with current in val ve head designs the wing region of the GWR
el enenhl&he@le%@aé&81$%e-n§@%@pvlet1@m of the road plemant arveasslpoRertiogaktpdhe r ack
being read by the active region of the GWR el enment. This phenonenon is
sonet i desance{@rgapybdtweasthé shidkl lapasli Agiordingly] the smdberithapdpe(obedmiose, the

i ncreases the magnetic susceptibility of the read head. In current GWR read
heads igteatés the febd1Gdit of tBe FdaR RIASht, HeAlR-PeBA i MOth Shta T8 bo tetoftet Meors BaEkIy Vi ty
of the active region of the GWR elenent. This is an especially acute

probl e J L y narrower active regions are needed as storage
densi t?}éstﬁié:lbelﬁ?&%} e %d(}g'%nhcrease. BRI EF SUMVARY OF THE | NVENTI ON According to
one enbodi nment, th esent inventipon.s directed to neti s sensor. The
magnetic sensor | ngngﬁfﬂgw’éi}gﬁ?r#ﬁﬂ%‘i%nﬁm'ief“iF‘?@r‘?&@lﬁgﬁc@m{{ﬁgﬁwgﬁwl%avi ng
first and second wi ng regions and an active region_ therebetween, The SAF

| ayer 18eF ifcresPin o) ve ead baady atthis siregiuesat deast enerigH-feapmagnedic fsteass foumedsy

t her ebet ween such that there exists an anti parallel magnetic coupling

bet weenrdjahentttovond eff the fxpmergnetid layers of thTlGBVIB senninl Fagento paythe miagnttization 05
only patterned onto the non-magnetic netal |layer in the wing region

por t i onlisattfbresragdnedothyessuch tigd epLdifeetidro fakamagnaidcahint dfahe pingedfegroiapmetic
susceptibility of the wing region portions of the first ferromagnetic |ayer

I S subsiyanid fkddyin R @nPd\ENsederaB@REbistverl Slubdreds 96@&agoepm Magretit feldWOoD
regi ons. The magnetic sensor may be used in various devices such as, for
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head

ratio of two to five percent in a small magnetic field range.

According to spin valve read head designs, the anti-ferromagnetic layer must
be sufficiently sized to pin the magnetization of the pinned ferromagnetic layer. Accordingly,
there is a practical limit to how thin the anti-ferromagnetic layer may be fabricated, preventing
further reduction of the shield-to-shield spacing, hence limiting the linear recording density. For
current spin valve and advanced spin valve head designs, the anti-ferromagnetic layer typically
has a thickness greater than 15 nm. As a result, the width of the GMR element of current and
advanced spin valve head designs is ordinarily 30 nm or greater, which is too wide for higher

density applications, such as on the order of 100 Gbits/sq inch.



according to one enbodi nent of the present invention; Figure 2 is a
bottomview of the read head of Figure 1 according to one enbodi nent of the
present invention; Figure 3 is a diagramillustrating the torques on the
magnetic nonent in a wing region of the free and patterned | ayers of the
read head according to one enbodinent; Figure 4 is a diagramof the free

and patterned |aYQB§d&fioxfn,h€i_tH &%%nh%ﬁﬁhal%%@i@ées@hz t&r@ingrr@@mmhk g3 ating

mcro-track profile sinulation results for varying thickness of the

patter 1. ELgur =10 J.0d ustr, h J iwent.ations
o 1 neotpel Bl st PRSP R VB G PRARE e PREF Bl BN °0S
one enbodi nent; and Figures 11-15 are bottom views of the read head .

accor cnea@ngg ths GMR elpmeefi it Rhepprepen is sewstimes it A “giferspdipy and is

DESCRI PTION OF THE INVENTION It is to be understood that the figures and
descr i pidesirbhabeabseahinsreapdsithié mdgneaticishicaptibilityeo féehereed head Hatcuaerd GMRevant
for a clear understanding of the present invention while elimnating, for

pur posresad Béads itk idifﬁcul_t){of‘s%gx%kﬂi@él}e%dﬁfg yat hembeh te seadisdty ofthé a@Xaniiéh
details of the read circuit are not described herein. Those of ordinary

skil | 4fMnd BRIR efentint. Tﬁi@?so sﬁé‘cial e robl%ﬁgﬁs ﬁ@&%ﬁﬁa%g%&}&r acil@Ment s may
be desirable in a typical magheti c sensor. wever, ecause such

el ement, aLe kneoi'nd i ntthe (zrt..and ecause a further description of them
does nGPPAETGIFRE S IPaYT SPSHEY SPURRE KG 81 t he present invention, a

di scussion of such elenents is not provided herein. In addition, the
figures are not drawn to precise scale. According to one enbodi nent, the
present invention is directed to a magnetic sensor. One enbodi nent of a
magnet BRIER AEMMAR OFfi THE (N VENTIPMNesent enmbodi ment i s described in
conjunction wth Figures 1 and 2, which illustrate a spin valve read head
10 i ncl udi ng t he negnelihg tcaitsabodiméhethp paseaittinventienis directed ts pimagvaicv e
read head is sonetinme referred to as a CIP (current-in-plane) GWR read
head. nkdtoUBR nhdpRei®aN8sH ifcla ROyntietit BBtiRAEMAEetic TS ARY [aQ8r Ha¥indgh&tran@ed in
conjunction with Figures 1 and 2 as a.spin valve read head, the nmagnetic

SeNSorseahnd Mng¥eB B hnd 4 é‘n{ﬁéri: ?%hi&?%e&%e&%%ﬂ. TRe §h?queg ?&gﬁi&glgwémg netic

devi ces such as, “for exanp tunnel junction hea

(currept-per i r -pbl ane).. r [ qur ' . .

Cr o6 roREERERafls g A {oRrRafdicBal 1808 NGRSy R o brorisn i, 1 e
of the_r q head . 10. p{l% Eeen in Fi LP'e 2, the.read head 10 may include an
act | vePH IRl sRrEnstic irrling Deoat e vl GO PABICIRLYER: Figure 118 a
cross-sectional view of the active region 12 of the read head 10. The_ read
head 10 may be usehhewcondigrrampandticdanes iRy patieEnsdeente themongagansihmeiab a

| ower surface 18 of the read head 10. The nagnetic nedi um 16 may include a
layer in the wing region portions thereof and is of adequate thickness such that the magnetic

susceptibility of the wing region portions of the first ferromagnetic layer is substantially zero
when a magnetic field is present only in the wing regions.
The magnetic sensor may be used in various devices such as, for example, spin

valve (CIP/GMR) read heads, tunnel junction heads, and CPP/GMR read heads.



nunber of pre-oriented flux regions 20 defined on its surface, each
directed in either the +X or X direction relative to the Cartesian
coordinate grid shown in Figure 1. Opposingly-oriented flux regions 20 of

t he medium 16 define transitions, such as transition 22, illustrated in
Figure 1, which produce magnetic fringe fields extending in the +Z and Z

di rectd ESEe { dium 16. The read head 10 may be

posi titBoIﬂggI?n anﬁg}@%{%gﬁ%@%\ggﬁ@%not shown) in order that the nagnetic
sensor 10 may nove rel ative t he magnetic dium 16 al ong.the.+/- X 5
direction at an agmﬁﬁm&?ﬁ% tﬁ?/p{fé‘?qt H@&nm%%fgﬁéﬁﬂg?&%wwgﬁl%ﬁﬂhQ}fd 10
moves relative to the nedium 16, a magnetoresistive el enent 24, such as a
gi ant folgwieedigeessvhereing| ement (GVR) el ement, detects the fringe fields
produced by opposingly-oriented flux regions 20, thereby causing a change
in the el ectrical Fighgd bisnaesssdectitial sidgniziosfashsgreteesidtwnedsd iddd The change
in electrical resistance of the magnetoresistive elenent 24 may be detected

by a reaftdfiahté bhd erﬁa&&inﬁhpmm%géesénbﬁwem;head 10. According to one
enbodi nent, "the read circuit y send a reference current through the

magnet or esi sti ve ment . siuc . ough the
magnet or esi sti ve gl@ﬁ%%fs azﬁ&lﬂ)r’?% 'S'Peg'oé@%?e{eggﬁsﬁgﬁ%rl Eﬁrgﬁﬁ%ﬁg‘%e) node.
Only one track of the magnetjc nmedium 16 is shown in Figure 1. Typically

t he  m% @fi}ree%@grh&rnrasenﬁlgwﬁ@@s a nunber of adjacent tracks. Wth reference
to the Cartesian coordinate grids of Figures | and 2, the adjacent tracks
woul d be positi on&iBura3 ihedisgamitiogmting theteraues oythgimagnetiomeomeat iate wiagt o
the track shown in Figure 1. The active region 12 of the read head 10 noves
al ong regien of thelresfand petteraghlayers ofithdireath Hedd beiondjng eachetambodadertthe dat a
thereon. The imedi ately adjacent tracks are therefore adjacent to the w ng

regions 14. As th@igﬁ@@ﬁﬁéﬂiﬁ%ﬁ@ﬂiﬁ&ﬂ@éad@w&%ﬁ@ldyeﬁbicﬁ”tﬁ@féhélﬁéb‘a,s to trend
hi gher, such as towards 100 its/sq. inch, the track width necessarily

nust decrease. Aceqnilhiglrtaf aghARAdiE Rlicroldiel BRANELANERRIrbfs Rreent 24

is a GWR elenent. Accordingly, hereinafter the nmagnetoresistive elenment 24

i's refv?;}gﬁgthgam%&dplgr\{g{eﬁ%%ﬁ%tl%, for purposes of convenience. The GWR

el enen accor odi ment, includes a so-called GWRR tri-|ayer
26 including a non:na ' tal | ayer .28 and, adj acent rromagnetic
| ayers 30, 32. Th@l%%mgﬁ&gﬁét%%‘aggﬂe&ﬁé‘}“’fé‘t ﬂﬂ’ff‘%ﬁtéonlsg ﬁ]e(,ig e@ﬂ‘?f rom an
el ectrically conductive/ magnetically non-conductiyve material such as, for
exanplpéﬁe@ﬁ%baéfﬁfs tonditlersnt pigudl figlds accqrdingtp gag embeditgat and X direction) of,
for exanple, less than 50 |-~ and, according to one enbodi nent, nmay be
approxi matel y 20 Figuresel &5 psrhoinmtviews efithe sead headszeonding tadthae a nagneti c
mat eri al such as, for exanple, nickel-iron (NiFe) or cobalt-iron (CoFe).
Ot her emdtodimerts ofthy padssut ibeentionl uded in the ferromagnetic |ayers 30, 32.
Accordi ng to one such

DETAILED DESCRIPTION OF THE INVENTION

It is to be understood that the figures and description have been simplified to
illustrate elements that are relevant for a clear understanding of the present invention while
eliminating, for purposes of clarity, other elements of a magnetic sensor. For example, details of

the read circuit are not described herein. Those of ordinary skill in the art will recognize,

however, that these and other elements may be desirable in a typical magnetic sensor. However,



enbodi nment, the ferromagnetic |layers 30, 32 may include a

ni ckel -iron-cobalt (N FeCo) alloy (as well as additional materials). Each
| ayer 30, 32 nmay have a thickness of, for exanple, less than SO |, and,
according to one enbodi nent, may be approximately 20 ~. For a tunnel
junction device, the GWR tri-layer 26 is replaced with a tunnel juncti on

tri-| aﬁ@éau@@ﬂkbﬁ@ﬁ@}){s are KRR S tHe"éPtCaEH‘B@cath%: a RAYRE dés%n &%}fl

tri-layer excep at the non- nmagneti1 c netal [ayer the GWR
tri-la er

| ace | ectrically insulatin a suc for
e S0 ety Gatentending ok e Peesen e o oot acua%?%l U{Xﬁsleeeﬁp St Bfent 24
may |ncI ude net al Iayers 34, 36 adjacent to the GWR tri-layer 26. The netal
| ayer s PBvideicheneip. Breadditien, dha feghres avpnot drewn impreeise &Calet al  such as, for
exanpl e, ruthenium (Ru) or rhodium (Rd), and nay have a thickness of, for
exanpl e, 20 A or | @gsordApaolode s@boddinens tienfrestntimventidnie dinentedgneigretioet al
| ayers 34, 36 may have a thickness of between 6 and 12 A The GWR el enent

24 may sé‘ﬁs‘é@ ORE Eﬁ@@dmnaslﬂa b ol sERGF Qa%ﬁﬁeg {cfthb ?bé@ént 3R basinaeRldetQivelle
nmetal |ayer 36. Like ferromaghetic |ayer 32, the Terromagnetic |ayer 38 may

L”Cl”diﬂfﬁP ﬁ?ﬂf’ F@*' %ﬁgaﬁléécg’ﬁ% ﬁl“@?@?@%#&%&@f?@?ﬁﬁ% %fdn%"tﬁé L han
: 36
hovor amasaRRS SiasSrotTRAPres Thienion ok SP Rl Foaipd i T eated (& 4SS

antlferromagnetlc | ayer 40 adj acent to the magnetic layer 38 to pin _the
magnet |f%18t(pwr1@ﬂnpl¢@e} eMBorrag head. cAlthgpah tizsmagnesic senspr efrthe peegerdtnventiey sr 40
may include, for exanple, |rWn. As illustrated in Figure 1, the read head
10 may dabaibeil e boxgenaioniwiguFighiend ahdQ es a4Binaradivetread Isdad cthe niagyaicssedshr of6.

The shield layers 44, 46 may be fabricated, for exanple, froma soft

magnet itke pRE&It hrﬂ}enﬁbh?ﬁlaﬁl%e ub & in R Rs oﬂhﬁg@émldeemes( Nchrey, fodenipigul at i ng

| ayer 42 may be fabricated froman electrically non- conducti ve nateri al

such agunde? fur@NSARERS ord PP FeRXpAFenftbER3)-p méwmﬁame@dsuffl ci ent
t hi ckness to prevent the conductl on of electrical current between the GWR

el ement 24 and the gshiieh ds L B¥SL 8.d Iﬁ%ew/atfﬁﬂ?ft%?&dth%a 6 EIPRdlIPNL the

i nsulating | ayer 4 have "a Knéss or exanp app X|nately 16

" adogh ag‘giofﬁlfr%?iﬁw&ofsﬁ%%el? i Bggs  05 R ool 0B Linthioe A0 RG ¢ 5.

the w ng reql ons 14 of the read head 10 may i ncl ude an addltlop .
f er r omd§HER|1& and ywp adigeent ying regions 16 ﬁ@ur%éi%craerww lgisw of fhe ppfiveer ned
on the nmetal layer 34. The ferronmagnetic |ayer 50 may include a cobalt
al | oy gegiendg oftlerreakhensl . CoFe. The combination of the two ferronmagnetic
| ayers 30, 50 with the non-nagnetic

The read head 10 may be used to read data from a magnetic medium 16

adjacent to a lower surface 18 of the read head 10. The magnetic medium 16 may include a
number of pre-oriented flux regions 20 defined on its surface, each directed in either the +X or —
X direction relative to the Cartesian coordinate grid shown in Figure 1. Opposingly-oriented
flux regions 20 of the medium 16 define transitions, such as transition 22, illustrated in Figure 1,
which produce magnetic fringe fields extending in the +Z and —Z directions respectively beyond
the medium 16. The read head 10 may be positioned in an air bearing slider (not shown) in order

that the magnetic sensor 10 may move relative to the magnetic medium 16 along the +/- X



metal |ayer 34 therebetween yields what is referred to as a synthetic
antiferromagnetic |ayer (SAF). The thinness of the non-magnetic netal |ayer
34 pronotes antiferromagneti c exchange between the ferromagnetic |ayers 30,
50. As a result, the ferromagnetic |ayers 30, 50 have antiparall el

magneti zations, as illustrated in Figure 2. In addition, as described in
C . : o i ci ent
hi oknacenon FATHER RN e gl SHARAD, BB Rhe BRIMBRs g Rbld Tl ey

have a nefjc perneability equal K to that .of free space and such that the
rragnet‘ing&g%  Rrp8neipEesiRtiy A Blementetistsh e %lﬁﬁé’i‘%ﬁwf%fsﬁ@e aieﬁ‘ﬁmr@&iﬂg%s 14 of
the read head 10 yields substantially no nagnetization rotation in the

f er r ontlgment; deteety thre Boge Acldopuidnesditty appesiaglyctientedtfluxirpgionss?(; theeehyet i ¢

| ayer 50 has a thickness of 3 to 4 nm 8 Hereinafter, the ferromagnetic

| ayer &fising ashaRid ifBEe Eleétfitd] @ekidtahca f tHeemaghetok&istiod elegiet 24 Olhedhangetia
ferromagnetic layer 30 is sonetines referred to as the "free layer 30." As

furt hegedy -Fm&giﬁ df@hﬁ?qgg{gs rg%stfvggleh%@zbﬁﬁg b@%eﬂ@@t\éﬂ@&%?eﬁdrlﬁ}cﬂﬁg}]ot

el ectrically conductive patterned onto the”w ng reqi

portions 52, .54 of . th atterned | ayer 50.respectively. .The | eads 56, 58
may prt iwcf‘ﬁ Ogﬁleerle%%}ﬂ?al%clgi ‘ﬁ:cﬁ?fﬁér@tt%) °h ﬁglg}?nﬁﬁl?ee c%‘f“étrfﬁ?ﬁ S9%42%and t he
read circuit (not shown) used to detect changes in the electrical

resi stiHIENGCUIIgRt ygugh|thsypagnetoresigtiys slpmsnt such that seferenc eigrondmay passe
opposingly-oriented flux regions 20. The insulating |ayer 42 (not shown in
Fi gur ethrugiethe bragpetoresistiedeloment?d inesedcalled &IP3 4Cument e Plaoe)imeder egi on 12 of
the read head 10 between the wi ng region portions 52, S4 of the patterned

| ayer 50 and bet we@nlytdne tlacladfthd fagh&ic mbdiumeldds bleawh ih(Fipmy 1bdybraitethe f or
exanpl e, by depositing the various |ayers according to conventi onal

Pr 0C eSgiaBketicAREMIAUSSInclifG NARMIRE BEsHjARNLacRE. Wath ReréRe iBthe dattesiganpl e,
by depositing the ferromagnetic |ayer 50 and a conductive |ayer for the
I

 eads afindiple o oF FAARORAL ﬁ}era%%%ﬁﬁ&cméoﬁlﬁ%e&%@g&u%@' Hhd AUAGmTAnt hEn

be etc nove |'ayer e active regi efine the
W ng rgqi perti.ons of the ferromagnetic |agyer 50 d-.the l.eads 56,
56, el vl teRlts SRl roPer b T RSF B i pltRragcr R PHbe e RS
bet weep the wing regio rtions .52, .54 the ferro nefic.|layer_50 and
Che T eluEnosss aigfe itiark of e miiteicigidiom, B baE wed 0 GoR e gl cRibse. s
described in nore detail hereinafter, the wing region portions of the free
| ayer Bemgdintelugdiacent tragky aredberefororedjecent t© the piraaseions y4e 46 fhe reeprdingt  of
free space and the magnetic flux fromtracks of the nmedium 16 underneath
t he wi depsity @if oregndtic medit kentinmasitotesnd highet,isueh gs tolwerdsdj08 &bits/sq rindk shenot
being read) will yield virtually no magneti zation rotation in the free
| ayer 86ck Withh nesessdritgmostrdgcreagh. ons 14 of the 9
According to one embodiment, the magnetoresistive element 24 is a GMR
element. Accordingly, hereinafier the magnetoresistive element 24 is referred to as GMR
element 24 for purposes of convenience.
The GMR element 24, according to one embodiment, includes a so-called
GMR tri-layer 26 including a non-magnetic metal layer 28 and adjacent ferromagnetic layers 30,

32. The non-magnetic metal layer 28 may be fabricated from an electrically

conductive/magnetically non-conductive material such as, for example, copper, and may have a



GW\R el enent 24 will have substantially no nmagnetic sensitivity and produce
no resistance change. As a result, the effective track width of the nedium
16 may be solely Iimted by lithographic patterning of the active region 12
of the read head. The effective track width for the present invention nmay
be very simlar to the physical track wdth, defined by the patterning,

even af.track. wdt S narrtow.as 50 The td erned | ayer 50 may

i nt rod{glécgmgﬁ‘fl%ﬁh eﬁ?—i)ﬁgfregtbqnélaﬁ/f%rne%ﬂeg{lqs%H%ﬁgrﬁ a a‘fﬁ%ﬁ% goeoqeayer 30 in
the wing regions 14 to counter-bal ance the torgue introduced by the signal
field ¢Rbedi@men) mayrbsgipproximately dRdwn Theferiogageet® layarn39.8dgeatinglsded ng r egi on
portions 52, 54, the signal field in the wing region generates a torque on
t he nmagagtdte materaitsudf ad, fie entmpler egkeirondNiFe) s caiiz]t-ibeh (@foFeheOthat t er ned

| ayer SO, forcing it to rotate towards the direction of the signal field if

it s mARKAR ks A6 boinckRkd AR féhindgh8tc 129485035, Aéco?cﬁg% {dmelsagss of the

patterned | ayer 50 is chosen correctl the torque generated via the

! , ( y
ame. L%éﬁ#%;ﬁﬂ‘ééﬂ E"?’?ﬂ§3‘{a%‘$e§féli8‘§hi%5 e Eg%l.{@ee%r%l?ﬁéeﬁ{izoo@c"?%@ TR IBG
bt wooh ol R KB FiRiaI9; EntiLiants Y0ngh ity HATS DRIIGEMIToRT PRRITG S0P ayer

30, thereby providing zero magnetic susceptibility in the wi ng regions when
a magned S-cansli avarding & ehe embodasenttmahbosnipyoximetely iﬂﬁr egions. Wth reference
to the geonetric paraneters illustrated in Figure 4, the thickness for the
patterned | ayer 50Fdra taohel guetian degems thecGBiRsitelpyertii6 is toplakd nétha tumed he wi ng

region portions of the free layer 30 is now provided. The surface energy

densi t junclon &i-1alyBENO SHWIBIAGTENdIRINcEn WM-1af/EEI8 sitilar ko & GMR €934yer éxcepA p) +
Kf8 f sine 8 f + KpBP sine 6 p (1) - HW, f8 f sin O f - HVs, p8 p sin 6 p

10 whgt ﬁxe’%oh%éﬁﬁ%iéﬁiétﬁ%y@% inShe AL bAME @mqﬂgﬁgﬁ tisgleylﬁ&émmnst ant,

Kfand Kp are the eftective magnetic ani sotropy or the free | ayer

30 and . terned layer SO respectijvel 8f and 8p are the thickness of
t he frgtg&?‘gyggmg‘élagﬁ%l{ﬁyﬁresuﬁliﬁ’g fné‘amPL"yZ*r‘béo respectively, Ms fand Ms,p are
the saturation magneti zations of the free_ and t erned .|l ayer.s
respectively, and ﬁ?qosas%trﬁtgg%ﬁggregilgqqu, %eé&%}{sﬁ?@ﬁﬁ@ﬁg%m@%‘? et i um
the follow ng conditions exist: = 0 and . ~e =0 532) | P For 6f 1 and 9p
1, t helaysrs| 3w hgdinegnt brthssiMR dddayer 26. {he mefalfayprs 34, 36 mpy pe fahgeated frompgg 3
He. PHk,f + (He.f + Hk.f )Hk,P _ _H' ~Hk,r + (He,.r - He.P ~~ P He.PHk.| +
(He, t ®mongnagngtidkmptalvkumhesHer éxample, ruthieniPm=Ra) or Hedium=(Ral, énd-marttvele. P = 2KP
. Ms,rsr Ms,PsP Ms,r Ms, P For an enbodinent that is side-reading free, then
6f = 0, thitkrebs ¢ firfdrierampld, ROHA, dr1dde, Rredilinigto on®embddinente tHeldonfmagnéetiemefal + Hk,
f YHk, P

layers 34, 36 may have a thickness of between 6 and 12 A.

The GMR element 24 may also include an additional ferromagnetic layer 38
adjacent to the metal layer 36. Like ferromagnetic layer 32, the ferromagnetic layer 38 may
include, for example, NiFe or CoFe, and may have a thickness of less than 50 A. As illustrated
in Figure 2, the ferromagnetic layers 32, 38 may have anti-parallel magnetizations due to the
non-magnetic metal layer 36. According to one embodiment, the read head 10 may include an
antiferromagnetic layer 40 adjacent to the magnetic layer 38 to pin the magnetization of the

ferromagnetic layer 38. The antiferromagnetic layer 40 may include, for example, [rMn.



Accordingly, the thickness for the patterned | ayer 50 to achieve a
side-reading free enbodinent is: SfM.f ~PM5,Pr 1 _ Hk,P He, f (6) For
He, f HA P, H--n C) SnM,a ' ~IMl.l| 1 + 7 He,| Therefore, there
exists a thickness for the patterned |layer (8p) to effectively elimnate

si de readi ng and where the area nonent density of the patterned |ayer SO is

greater than that qf .th ree.l aye 0. 1 1L no.excha pLAning is
necessary for sup p?\é éli?sﬁrSICP e Fgguﬁeef,rtg%ﬁaﬂ Sl.e%]j'wa?mf %nl,so é{lcc}:uél;é éln NSS%I%‘ 4 Rg rqaé/ ef
enbodi nent of the present invention, no antiferromagnetic |ayer is_need for
exchang & 0 Hejcdayar i 46ciThenbickt Layers 4 <t BRnbmEbnEated ferexauple; fioRir
patterned | ayer 50 is not patterned to have precisely the cal cul ated

t hi cknesft maghetiomgteetl wmch as depdxiatnipld, hickel-irom@NiRe) rheensubming dayter éhmapbet he
ferromagnetic layer 30 will not be zero, but as long as the patterned | ayer

SO is saHhRBiForh b cleb@RSllY forlbhdaadvthaeRsl sk Qfﬂﬁ%ﬁmn?l!é?ilux%ﬁmﬂ SRl

standard fabrication processing margins, then the nmagnetic susceptibility
of the, x L.on rid fy: r t] r iyl

subst alF0R) SRORP R LRI et R PBRNE Gfiaqibr datbitcltie | o o
results for varyi t hi ckness of . att d layer 50. For_ the

Gl abpiofren G5 MR leter U S b R B 28 el ing \Gion - GPRAIIRST O gt 1
at Half Maximunm), is 89 nm while the physical track width (ms;cae)~
def i neénsylating dayes 2 arayi haye 2 thicknges efrfor Axamploanproximgislyc ki nrm wikRrh, the
effective read track wwdth is actually 55-nm only a slight broadening. In
al | of putpesed ofidoavemnase, thhehiskdriseer ddr 4eatd the irssktingbiytod X dronot shotvhén ent i re
| ength of the GVR elenment 24 in the cross-track direction, purposefully for
exam niF@re e side-reading effect. In addition, for each sinulation the
saturation magnetization of the free layer 30 and the patterned | ayer 50

are the same, M5 f?.sl\i/ﬁus?rat:ed]ig @y,/tﬁ@%i?%&giow%ﬁfmé'rééd%gd 90 nfaly gikiGae.
pS,aF) is 34 A As

t he thickness of the patterne ayer 50 can”be seen,

o U5 BB TR D05 DR B PR el

reading at nore t C Sit7on. , the
t hi cknes ft tterned | ayer 5 B~sAl is 4 and, as can bge seen,
there T et A M tEretesanelogr ey fiapde scobale aloy ¥l o For Siimpf,

CoFe.

The combination of the two ferromagnetic layers 30, 50 with the non-magnetic
metal layer 34 therebetween yields what is referred to as a synthetic antiferromagnetic layer
(SAF). The thinness of the non-magnetic metal layer 34 promotes antiferromagnetic exchange
between the ferromagnetic layers 30, 50. As a result, the ferromagnetic layers 30, 50 have anti-
parallel magnetizations, as illustrated in Figure 2. In addition, as described in more detail
hereinafter, the ferromagnetic layer 50 may be of a sufficient thickness such that the wing
regions of ferromagnetic layer 30 effectively have a magnetic permeability equal to that of free
space and such that the magnetic flux from the magnetic medium 16 underneath the wing regions
14 of the read head 10 yields substantially no magnetization rotation in the ferromagnetic layer

30. According to one embodiment, the ferromagnetic layer 50 has a thickness of 3 to 4 nm.



sinmulation, the patterned layer 50 is too thick to achieve substantially
zero magnetic susceptibility in the wing regions of the free layer 30. In
Firgure 7, the thickness of the patterned |ayer 50 (BnsAF) is 30 ~ and, as
can be seen, there is also sonme side reading. For this sinulation, the
patterned layer 50 is too thin to achieve substantially zero magnetic
susceptid bi.lity in.the w regi.Qns of .the free . layer 30. Figures.8;1

T Ut PERndieh i o aRT T in s FORE e RECL R T s FOBS S, e
free layer 30 for the enbodiment of the sinulation of Figure 5, 1i.e., where
t he pathedememagnefielaysn3hissometinies katersed tofas ter ‘freg layendd.ze a substantial ly
side-reading free enbodinent. In Figure 8, the magnetic nonent orientations
of the patterned aAdfirtheeillvatysted irbFiguis®, dreaeghiman 10 anayaalseigrlete elesttigaibi
(HS;g) in each of the active region 12 and the wing regions 14. In Figure

9, thecsRmRevd eadIE BB pRitrRe Gith ARSwik rédien patibRy 5784 dfthef fabBrmkd¥gess®0, 30
are shown for a magnetic signal (HS;g) in the wing regions 14 only. As can

be seep.. LQur |.ay. 3 to
cancel pee ik ahedtadh 38, RRbSbRIe Mefkcohl BREHER R EOMAL BB LD
the w regions aof the free layer 30 is substantially zero. In _Fig 10,
the mohend Bhefriioot her marThaea & deteis Shiiteor Bucariorens pagra MR,
are shown for a rrggnetic signal (Hs;g) in the active region 12 only. As can
be seegflementl4eaveed by therwnsiignell indhe epposighheriantaddluxrgaionsd0.i Fhe he wi ng
regions 14 is allowed to rotate near the -active region 12, i.e., at the
track odgktingldysr 42 (mwshdavireinrRigure 2)) zaty ibepatdrmeden the asctildyyer 380n ihe attiree
active region 12 to rotate due to the signal field (Hs;g) to thereby read

t he dategion 1Defihe séadeheh® a0l berdrebm tHeR@inphdpgor REtiondss2, Fit 9B the phiterinsd Rylod(t om
view of the read head 10 accordi ng to anot her enbodi nent of the present

I nvent hNperkaen B BBNég i | l ustrated in Figure 11 is simlar to that 13
illustrated in Figure 2 except that in Figure 11 the | eads 56, 58 are

d. That is, 6. t to th i . i
ecessed el . TheRdh gy P e AR EH SRR PR DR BRSPS,
fEE NC A o N O L R RO

region portions 52, 54. As with the enbodi nent of Figure 2, the insulating
| ayer &52Tpist Dydrppsiting the fgmprmagneticdayer A& apbt GRnductivedayer ferths deads 86, 58 gur e

12 is a bottomview of the read head 10 according to another enbodi nent of
t he prdbederramagnstic baver Shandghd eenduetive liawrasayrtét:rege ¢tahed tguemovethe daysisni | ar

to that illustrated in Figure 2 except that the enbodi nent of Figure 12

i ncl udésnatheantivé egionr2gmdito defireethe whtk eaioheortas 621 Bt ofithe fatoneagnet: | ayer

50. The antiferromagnetic |ayer 60 may include a wing region portion 62

adj acendyet 60 ki@ thai1egls 56958 T ipédfied thdds@htiddlayfapidyiedddpayiedd iS@end nmay
include a wing region portion 64 adjacent the wing region portion 54 of the

pat t er BeehihaBekweeR theATink rkdisd g@trti%ﬁis 59 shrig 'ti{eefclljfgma 8clBRAS0 2% theFeadBY6 b

patterned onto the portions 6 64 respectively of the antiferromagnetic
layer &Q. The antiferromagnetic |ayer 60 may be fabricated froman
antiferromagnetic material such as, for exanple, IrWn, IrPtPd, IrPt or

NiMh, with a With the patterned layer 50 of a sufficient thickness, as described in more detail

hereinafter, the wing region portions of the free layer 30 will effectively have a magnetic
permeability equal to that of free space and the magnetic flux from tracks of the medium 16
undemeath the wing regions 14 of the read head 10 (i.e., the adjacent tracks not being read) will

yield virtually no magnetization rotation in the free layer 30. That is, the wing regions 14 of the



t hi ckness of, for exanple, approximately 200 nm and may provide horizontal
exchange pinning for the free layer 30. Figure 13 is a bottomview of the
read head 10 according to anot her enbodi nent of the present invention. The
enbodi ment illustrated in Figure 13 is simlar to that illustrated in
Figure 12 except that in the enbodi nent of Figure 13 the antiferromagnetic

| ayer | S, recesse For conveni ence, only wi.ng regio ortiaon 62 of the
oy 11 e PBhEgie 28 Pl bavesub ety R oirB iRy SSEHORESIUFTRE one
enbodi ment the opposite wing region 14 may al so 14 i nclude a recessed
ant i f e¢hapgagheriresufptheietiactivagrack midthrod thednediumi Igumay higsolely bovtgd hy t o one
enbodi nent the |l ead 56 nmay be patterned onto the recessed antiferronmagnetic

| ayer IGtBoghablidrattddingSofahdaitivemgioreye of tht hadmead Tiesaetfetivarahrvidngfot the
anot her enbodi nent of the present invention. The enbodinent illustrated in
Fi gur ' Ll ar ok i [ e ind e
b Pt By By D v il 3 PRl e o T e @lng By
ant i fea{trtprgggvnﬁ%ki o Borti on.62. Figure 15 is a bottomview of the read head
10 accordi‘hg to-ansehEY *anbBd ment of the present invention. The enbodi ment
illustrated in Figure 15 is simlar to that illustrated in Figure 11 except
that in the enbodi hsRatigmetilaper 40 may iptredugeen additenan freis o Magnstic prpmest
patterned onto the Patterned | ayer 50 and the | eads 56, 58 are patterned
ont o t¢ithaditee layer ddEgthetving tegyans 1800 sawterttatance titetorgue irdrodindedrbydhesigrali ¢

| ayer 60 and the | eads 56, 58 are recessed. Although the present invention
has befteldde siey whgdegionei As dhckh indSRREB with regiccadorwiaghadompdttions 32064 ahef
ordinary skill in the art will recognize that many nodifications and

vari at iigpg mid e mggfé%ton! JA¥6Rles QMordBY o thel TINRAE Hodfbnt JiBe tvmge&gaﬁﬂg

description and the fol 'owing clainms are intended to cover all suc _
modi 11 GakiRN5, A MRL b ek RASayel 30 fogﬁm RAL tdveardd @k ARLotiof of fhe shrf¥RINELI C
sensor;, conprising a synthetic antitertonagnetic |layer having first and
second

Synt nelPs EiET PeRPogter Fay BF fRtpthal. TR RioRER i fetet Bay

havi ng, first and second w ng re(t;i on portions and an active,,
is chosen correctly, the torque generated via the interlayer ferromagnetic coupling of the free

QO

layer 30 can be exactly the same magnitude as the torque on the magnetic moment of the free
layer 30 generated by the signal field, but in the opposite direction. The canceling between the
two torques yields no magnetization rotation in the free layer 30, thereby providing zero
magnetic susceptibility in the wing regions when a magnetic signal field in present in only the
wing regions.

With reference to the geometric parameters illustrated in Figure 4, the thickness
for the patterned layer 50 to achieve a magnetic susceptibility of zero in the wing region portions
of the free layer 30 is now provided.

The surface energy density, E, at the wing regions may be written as:

E=-Acos(8,+6,)+K 5, sin’6, +K,3 sin’0,

: (1)
~HM & sin6, —HM_ 3 sin8,

10



region portion therebetween, the non-magnetic nmetal |ayer including first
and second opposing surfaces; a first ferronmagnetic |ayer adjacent a first
surface of the non-magnetic netal |ayer and having first and second w ng
region portions and an active region portion therebetwen; and a second
ferromagnetic | ayer adjacent the second surface of the non-nmagnetic netal

| ayer and including a , first wing region portion adjac the first wng
oyt oI55S {11 HemOBRR G AR AR P PTG oS atind /470 de S PTG PEg on
portion adjacent the second wi ng region portion of the non-magnetic netal

| ayer magnetie amisttiepysdensitgdfor ehe fored gyee 30 andl thegrattesied layad @ reapeetively cdiands such
that the magnetic susceptibility of the first and second w ng region

porti j i i t =1 e e

agnet T & org et Pk HeE WA b ik PURimd g Bl AR 1 I e
regions. 2. The sensor of claim1l1, wherein the non-magnetic netal |ayer

i ncl ugﬁgsaiurﬁg%fnagg?tg@p@efq ttg’?r&%%@dg%a&fﬁfﬂeglﬂ?(§fs§{ﬁm‘?§“ Y. Pt R i aggtic
rhodium 3. The sensor of claim2, wherein the first ferromagnetic |ayer

i ncl usignahfiphdistrength. sel ected from the group of nickel-iron, cobalt-iron and
ni ckel -iron-cobalt. 16 4. The sensor of claim3, wherein the second

anti f erromagnet i c Ataeyeailibrion, detcsllowinglcbrditions exist: The sensor of claiml,
further conprising: a first |ead patterned on the first wing region portion
of the second ferromagnetic |ayey a.nd a gecond |ead patterned on the
second wi ng region portion of the—sébond.Fngdhagnetic | ayer. 6. The sensor
of claims$S, wherein the first aff second 1%ads are recessed. 7. The sensor
of claim1, further conprising: an antiferrornagnetic |ayer portion

pat t erfieed, a1 hied 6] €51, the RYlowesg MAy Pebbteiadof the second ferromagnetic

| ayer; and a | ead patterned on the antiferromagnetic |ayer portion. 8. The
sensor of claim7, wherein the a .i[(fﬁr r_oi_lnajgg i¢ |layer portion is
recessed. 9. The sensor of gjckajﬁy&_\&iaw_a_t,z}‘é_iea'ﬂ 2 d is sgcessed. 3y

H,H +H,  +H )H,,

H-|H, , +(H,,~H,,|

" H _H_ +(H.  +H, )H ®
e.p k,f+( ef + k,f) k,p
2K 2K
where H, , = 4 H, =—L,ka=—4,ande =—F,
' MMSI # M, 5, M, ? M,,
For an embodiment that is side-reading free, then 6,= 0, which implies:
H‘[.(He,f—He,p)_Hk,pJ — (5)

I H, H,  +H, +H O,
Accordingly, the thickness for the patterned layer 50 to achieve a side-reading free embodiment
is:

8 M
L "sS
SPMM,_——”— (©6)
1-—=

He'f

For H, ,>>H, ,,

11



10. The sensor of claim1, further conprising: an antiferromagnetic |ayer
portion having first and second opposi ng surfaces, wherein the first
surface of the antiferromagnetic |ayer portion is adjacent the first w ng
region portion of the second ferromagnetic |layer; and a | ead having a first
portion adjacent the first wing region portion of the second ferronmagnetic
| ayer. 11. The sensor of claim 10, wherein the | ead includes a second
portion adjacent the second surngﬁthj p&e qqyﬁigrronagnetic Iayer,012. The
sensor of claim1, wherein the fir F'Téf ohagngtiq layer is a IayeF of a

gi ant magnetoresistive tri-layer. 13. The s nsof’ of claim12, wherein the
first ferromagnetic |layer includes a second surface opposite the first

sur f acdhersforonbersi existhethitkanss fonha prideraed kyen@y)tte effeciyely eligiediesidencl udes:
a second non-nmagnetic netal |ayer having first and second opposing

sur f ac eqadingheidei/Rert B dréd mbmsut deasigy Sfthé Pattergsaanyeri30nis grageethhe thatbfthe | ayer

i s adjacent the second surface of the first ferromagnetic |ayer; and a

third etl : I ' i : i ]

wher ei BePRS o Poot ERE R0 SRR bk iPRLLeRBRERE SARPREREEICAERRE i he
second.surface of the secqnd. non netic.metal |ayer... 18 |4.. The sensor
of o alThF) i S piing {rorbirERCdichRg NG PragRbT e they i S EmaeRet s ats e opper
and the third ferronmnagnetic |l ayer includes a materjal selected fromthe
group @echios geshange pinningdhe wing rsaioanal Wedraamagnshic lyeral0: 1f thy patteraed layelor  of
claim14, further conprising a third non-magnetic netal |ayer having a
first &RAdsseqettdmep pobavegpreusdnthesalcuhtadghickndse, the megnesiostiseeptibibtyad]tise ent

t he second surface of the third ferromagnetic |ayer. 16. The sensor of

cl ai m 3Gng véppsepartivheot the ferongpneigiagdr 30 withmit be astey bt aclangdes tiee paeteeed al
selected fromthe group consisting of rutheniumand rhodium 17. The sensor

of cl ailgpet §0 i $ibRBFialGPHBE 18 tisal il dteiHhidknb Rl SRARY MethinCstdrR4RT fabgodtiod first
and second opposi ng surfaces, wherein the first surface of the fourth

ferro ngmggiﬁ%eh%gﬁﬁf,gl;%nratgg g%gﬂétictsﬁ?ceﬁﬁﬁﬁﬂgoﬁﬂé Wgeregiron tplgﬁiotng b fhe

non-magneti c

ferromagnetic layer 30 will be substantially zero.

Figures 5-7 illustrate micro-track profile simulation results for varying
thickness of the patterned layer 50. For the simulations, the effective read track width, measured
as FWHM (Full Width at Half Maximum), is 89 nm, while the physical track width (Wphysicar),
defined by the patterning, is 100 nm. At a 50 nm physical track width, the effective read track
width is actually 55 nm, only a slight broadening. In all of the simulations, the sense current is
assumed to flow in the entire length of the GMR element 24 in the cross-track direction,
purposefully for examining the side-reading effect. In addition, for each simulation the
saturation magnetization of the free layer 30 and the patterned layer 50 are the same,

M, =M, ,= 1000 emw/cm’.
For the simulation of Figure 5, the thickness of the patterned layer 50 (8ps4r) 1S

34 A. As can be seen, for such an embodiment the read head exhibits substantially no side

12



an antiferromagnetic | ayer adjacent the second surface of the fourth
ferromagnetic |ayer. 18. The sensor of claiml1, wherein the first
ferromagnetic layer is a layer of a tunnel junction tri-layer. 19. The
sensor of claim 18, wherein the first ferromagnetic |ayer includes a second
surface opposite the first surface and wherein the tunnel junction

tri-la : i e 119 i - at i J: i and
second¥§aglbr¥%{tklg&é6ﬂ}%gg%?éfv%%er%epﬁ?ﬂ?r ﬁgpﬁé&lrltgd' gng #@égg’o‘( g%ﬂgﬁe%s(ﬁﬁg ing | ayer
is adjacent the second surface of the first ferromagnetic layer; and a
third Petteraedbvet $C(Sraykis 4H§/arn13 a$ fanshe seer these srivbgppad pide readingadiesthis
wherein the first surface of the third ferromagnetic | ayer is adjacent the

second sEhilhaGE thd ﬁzatti&_ﬁneid Ngek 80 ig1go tia¥ieto ackidve TiRta88MBOFer®maghaicm 19, _
wherein: the insulating layer includes A1203; and the third ferromagnetic

| ayer i : : | ! : 0 I </

cobal t S SHAGRFinTR SilionB SEP L R0 100 In BB 70 BHBKRSS of @Ppatiermed,
synt heti c tiferro netic |ayer haying first and second. w r.egi ans and
o act 15T SDGrrsO 1 St s e sridr Sier 1t SO SYmE Rde Fedig: FPE IR BTIEORIDRc

| ayer includes: a non-magnetic netal |ayer having first and second w ng

r egi on theopaticores! layat S8ns wotthindo petyéversupstantialiy zetoanagnetioeusaeptibiey mothenvinget i ¢
nmetal layer including first and second opposing surfaces; a first

f er r omeegietid ¢f thayiee I 3cent a first surface of the non-magnetic neta
| ayer and having first and second wi ng region portions and an active region

porti on t her ebet weesyurayyl) 0:ARAARGHAREI ABHRA AR ofa6l ARAHedIfer SeCONd

surface of the non-nagnetic netal |ayer and including a first wing region

Fayor  an PRGN ol i leotoliha Bt 0 BlbaL g, DO ARORE ol

| ayer and a sec Ion e
portion_ of .the non-magnetjc; netal. | ayer rein the second ferr gnetic
Paver 5% 0 de A EeEn T b e el TP R 2GR SE e SRR | 1 t ne
W ng region portions of the first, ferromagnetic 20 | ayer cause&@by
anti f e&g%‘ffﬁﬁn < TRagnGtin MORENt eréAtations af.thg PREgRehanddFec 18Ys of, 30rEe Swedar
fen-omagnetic | ayer cancel torques on nmagnetic nonment in the w ng region
por t i orfsmeagnetinsignak @i, X isrepdneltheaitivelregion 1 nehthaagneragionsilgnin Figued Ydheaxe
present in the first and second w ng regions.
magnetic moment orientations of the patterned and free layers 50, 30 are shown for a magnetic
signal (Hj;g) in the wing regions 14 only. As can be seen in Figure 9, the patterned layer 50
produces a counter-torque to cancel the signal field (Hig). As a result, the magnetic
susceptibility at the wing regions of the free layer 30 is substantially zero. In Figure 10, the
magnetic moment orientations of the patterned and free layers 50, 30 are shown for a magnetic
signal (H,;) in the active region 12 only. As can be seen in Figure 10, the magnetization of the
free layer 30 in the wing regions 14 is allowed to rotate near the active region 12, i.e., at the track
edge. This allows the magnetization of the free layer 30 in the active region 12 to rotate due to
the signal field (Hy;g) to thereby read the data without side reading in the wing regions.

Figure 11 is a bottom view of the read head 10 according to another

embodiment of the present invention. The embodiment illustrated in Figure 11 is similar to that

13



22. A magneti c sensor including at | east one wng region and an active
region, conprising: a non-magnetic netal |ayer including first and second
opposi ng surfaces; a first ferronagnetic |ayer adjacent a first surface of
t he non-nmagnetic netal |ayer; and means for canceling a torque on magnetic
nonent in the wing region of the first ferromagnetic | ayer caused by a
magnet j i | o:f ) el o e i S : The
magnet | s SUBLR PighR 2 RbR3E R Pl F1 Helbhds 36, HhClec e PRI ledlis I
second ferronmagnetic | ayer patterned i he wing region on t second

sur f acHedPt PHIETIE ARy hetyiee Frgion pqragv&g}a%ﬁ rfépe%@s{xﬁﬁ%e memea W SQh ¢ hat
a torque on magnetic noment in the wing region of the first ferromagnetic

| ayer caungeidlybsoventhiefrang smignetriionsciypfi Rather, esnllustrated gohigutedd rtheriggdset i ¢

| ayer cancels the torque on magnetic nonent in the wing region of the first
f er r onsgEdtare rdcassed sich R dhdyordl €ovERA DGR oF ti@NRIngfregbal pprtiesest, Sun Ashe wi ng
region of the sensor. 24. A 'spin valve read head, conprising: a giant
rnagneyafn esd Sk qg@q%l Vj e | AG; it g an
active ?egg%%ﬁ%%gwgﬁétmé ﬁ?gtﬁggﬁ%g%?gﬁggﬂg? %82?2%1belgﬁgngﬂ?a Ecluding:
21 I ant etorgsistive tri-layer, the giant nagnetoresistive
tri-IZ?%We?hggﬁgﬁﬁégéﬁgirst ferromagnetic | ayer having first and second
opposi ng surfaces;_and a .non-nmagnetic_net al I%¥er havi.ng first and second
W ng region porti dfigUEld is A baemydey afthe readdicd &% a¢REiBd x 4NOBKT t he
non-magneti c netal layer including first and second opposing surfaces,

wher ei embedimfent afithe prefent énvehtiom e Theoembaiinentiidustatesl in Faguee 12 & sidjlarde that t he
first surface of the first ferronmagnetic |ayer; and a second ferromagnetic
| ayer fAhisestedin Figereskersst thatthaembodimehtofiiprang iwdludes ar tatifeiramegnetiod
including a first wing region portion adjacent the first Wng region

porti OIhty@rf 60 PAteRRA JRRDINE phfieriBd Blyel S erhend fcronREANE MG B0RL) IaBuBO4 t 1 on
adj acent the second Wng region portion of the non-maghetic netal |ayer,
wher ei g tthé widRhioh DoRTon2ISHHRL FatfelteaARP S0 hat

t he nag;\é‘ﬁg%?&%?tﬁo&%ﬁ%&@%ﬁh?ﬁ@ﬁ lﬁh%geé)gn Wi ngﬁdr egq oﬁé}%grtlﬁ%{f@a%f t he
first ferromagnetic |layer i ubstantial ly .zero. wh netic sign fields
ar e pr WELIREIRRE rrdion R o3 e T b PR R TRITR T R0 o Ve
read head 24, erein e, npn- tic metal |ayer jncludes a netal

o ect 84 Bgpieiie At ,éb?]ﬁ%g?ﬁ%g%ayrttﬁmsﬁme@aﬁqdh? RUHPRTAZ. 6. The spin
val ve read head 25, wherein the first ferromagnetic |ayer includes a

mat er i Espedivebraidhg piferroraagnetia hryst 66 Ehecantiferemagnetifalal e G0gpawbrifabricated

ni ckel -iron-cobalt. 27. The spin valve read head 26, wherein the second

ant i f efmoonmgadiferrorhagpetic imatdriatiashee/fonéxanmpleditMn, IrPtPd, IrPt or NiMn, with a

thickness of, for example, approximately 200 nm, and may provide horizontal exchange pinning
for the free layer 30.

Figure 13 is a bottom view of the read head 10 according to another
embodiment of the present invention. The embodiment illustrated in Figure 13 is similar to that
illustrated in Figure 12 except that in the embodiment of Figure 13 the antiferromagnetic layer
60 is recessed. For convenience, only wing region portion 62 of the antiferromagnetic layer 60 is

shown in Figure 13, and according to one embodiment the opposite wing region 14 may also
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22 28. The spin valve read head 24, further conprising: a first |ead
patterned on the first wing region portion of the second ferromagnetic
| ayer; and a second | ead patterned on the second wi ng region portion of the
second ferronmagnetic |ayer. 29. The spin val ve read head 28, whexein the
first and second | eads are recessed. 30. The spin val ve read head 24,
fur t el RO k5400 oAb AGHL QIRIRCAL fidsUEH iPPIhICR, RELEARIRGAN L he
first wng region portion secon erromagneti c Tayer; and a | ead
patterned on th ntiferro netic, |layer portion..31. The spin_yal ve read
hend sBmooarsl theed Siohy be PomRAnL b dersel GRifeifinpEniedBeb el 35, The
spin valve read head 31, wherein the |ead is recessed. 33. The spin valve
read head 24, f urtRigprecdhismiboitany: view obitheir¢asireedd g pecording tyanothgsrt i on havi ng
first and second opposing surfaces, wherein the first surface of the
ant i f eembodigiat bLthk pyREntievdntion. The adbadigsit itihsratéd iatFigira g4 iseimilar tp@idti on
of the second ferronmagnetic |ayer; and 23 a lead having a first portion
adj ace f A i Lo : fieyar i yer.
B T L R P e B e T o
adj acent. t second surface of the antiferromagnetic |layer. 35. A nagnetic
sensor?Etgotﬁgmcg?sﬁ%a%“%gﬂ?ﬁ%?ﬁ%g PRRYS 66gl’romagneti c layer having first and
second wi ng regions, and,_ an active regign therehetween, wherein the
synthetic antiferr Bk 15 Oét%‘r“?‘ﬁefg@ég?‘d %eaag apeprdingieancthes) | ayer
having first and second wi ng region portions and an active region portion
t her ebemhediment pbthg presprigneentionndhe bmbediment iHustradedig Higure S symimdeciorniat
opposi ng surfaces; a first ferronmagnetic |ayer adjacent a first surface of
t he noillusagtedtin Eiguet &l exapethavindhdenbodiméntrof Figunel 1 S deandfenionggned layer
portions and an active region portion therebetween; and

60 is patterned onto the Patterned layer 50 and the leads 56, 58 are patterned onto the

antiferromagnetic layer 60 such that both the antiferromagnetic layer 60 and the leads 56, 58 are
recessed.

Although the present invention has been described herein with respect to
certain embodiments, those of ordinary skill in the art will recognize that many modifications
and variations of the present invention may be implemented. The foregoing description and the

following claims are intended to cover all such modifications and variations.
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a second ferromagnetic | ayer adjacent the second surface of the
non-magnetic netal layer and including a first wing region portion adjacent
the first wing region portion of the non nagnetic netal |ayer and a second
W ng region portion adjacent the second wi ng region portion of the
non-magnetic netal |ayer, wherein the second ferronagnetic layer is of
adequatgatpisckness such that the magnetic susceptibility of the first and
second wi ng r-egion portions of the first ferromagnetic |layer is zero when
nmagneti c a%ag fleld .are present onIy in the first and second w ng

regi ons. lCa(?;}ﬁ“L}if’ A. 9. ASn" 9. A% A

.A@ A, . A Ah. AS% AS9. A, s9. A@N9. A L. A% A, . A@L. A sL. A Us9, A9. AsL. A° _AYZ[ "4 Xo*
E 1/S 1. A magnetic sensor, comprising a synthetic antiferromagnetic layer having Tirst

}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca)] «al eadprubivor] regishe arad avdotiag eglion therebetween, wherein the synthetic

=c_dp47J6' o@}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] cadpabeahsltielaal frlwed:cal cal cal ca ca] cal 3! KUKg @GNV |

& EI''TE""}xsnid_Z]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]

cal cal cal ca) ﬁé&-ﬁ?a]gﬁé‘tl&ﬁ]eﬁﬁﬂafzé’r]l&éin%%ir&aaln‘&%é%%ﬁﬁé RN RIS

mxsnlec cal] calca cal,cal c al cal cal ca] calca] ca
cal }ca] s eeb B AR R E R h SRR s DS 5 S655 RssBvonbo
71 70773999N: } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj ca] %afa@aq,ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]cal N :;
; 0; ; <0<<., ===Ge>>?nP? &@aAaB AAASBBBCnCC5DYDD} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caficstlfeadmagnetit batraljaahcaiictiwice af thajnoajeaghetyd mafat jyerdnda] ca] ca
FDEGH HWHH-TSTETTTTTTTTTTILIAIadI&KKKKKKL#LBL{ vql fa[ Tni d_
V] c*aVhodng atd and saxbhdirigd @aiod dbetidne aMd ehaijeeedioapdeian therebetween; and
UV] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
BLHLSLYLS Lj b bbdell lebrkd BAAIVEMMYEM A NG M b MM rac@lod 1 Ml S bl S il By
UV] caV]ca UV caV]ca W]calcaV]ca V]cra V]c*"a V]c”a]caV]ca V]cnaV]caJca

\L/J]\/]C/(;a%%(gl}n l\\iﬂl\ﬁﬁ\mﬁﬁlﬁ% ‘%@N\g@%@p%&&%&ﬁi&ﬁ% %Tﬁl}p\?\;t lrﬂfllco’\f >2§] r\/] ca] cal] ca
ool HEGY TR B0 G %%%v%d L U s N

xsnhc“ a ca al cal.c ca calc
[a] E:[a][ E%@é‘?&ﬂ%‘]ﬁ ] g FE%}@&?}]I&BT%/{J;UC ayevlls o?']ageql.\ate]tm ]
\\]1]]]1~vANS L' a aabbb9cPccchdeeqeef kff|w mhc”YcaV] ca] ca] ca] cal ca] cajc
a] ca] ca]Célatp%t he a]aga‘}tlfeﬁf-‘é%]?é@]lé}a?@h? &est end &e&pefé}vereqr@aqoe@péma}&@] fesf] ca] cal ¢
aV]cal ff @ghYhhhimijj& :jjjjUkkklrll (mmGinnoQooo}xsni d_ZcaV]]ca] ca] ca] ca]
ca] ca] tasedsvalic klyenis sulstatiely zerp odilen alagattiaiiged] delds atecpssal ey emihe dikga] cal
ca] ca] ca] ca! ooEpRpppp6g=qqqr,rerrrr&ssstYtntttHuduuvvsvvvdw} xsni d_ZcaV] ] ca]
ca] cal] e smbadjving eglond] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca! Iwwwwwwixy XXX Kyuyy
z=zzz{e{{{%AU||| @}} ~H-~~k} xsni d_ZcaV]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! AKYv/ ?K>Y>% 3

}xeni d_zeavy) cal sglsal.eel ealsel Salgah gal saleabeal sRkaskiel ealel salgal cal ca

] ca] ca] ca] ca] ca] ca

G x ni.d ca .ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
c@é] ca%é f%tgfff \%‘}; %u@a 83}5&%@%&'}‘85’} @g]rﬁ%‘%W]JrG ] }X]SI’II ]d Z]ca\/} ] CL] CL] CL] CL
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] caAYZ[ eFsf 10%}| & () - F#y10%t| & () - #10%4| & () -
10%| & () - @0%4| & ()-,10%| & () - t"4aB(#10%1¥& () - &+#10%4 & g) 9#10%t| & () -

. The sensor of claim 2, wherein the first ferromagnetic layer includes a material

selected from the group of nickel-iron, cobalt-iron and nickel-iron-cobalt.
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! & "10% | | & ()-19%10%| & ()-Y"10%l| & ()-XodE:/ 104|
104| 5" 10%| & ()-s3%10%4| & ()- F1!10%| & () -/ &$10%4| & () - -
10%| & ()-*10%4 & ()-*E  xY:/ 104| SF109%& ()-S9$10%&' ()-S -#10%&' ()-S
Y'109& ()- @ 109%& ()-S #109%&' ()- 104| |/dE:/ 104| Sf 9#10%& () - f
$109& () -f#109%&R ()-f&PLOYR ()-fsf#10%& ()-F310%& ()-S =dE:/
104| S*$10%&' () -y( @10%&' () -y&#109& () - &$109&' ()-f"109%& ()-fS
"109%&' ()-c_ahcddYNC 104| 10 10
10: s10%&' ()-3S109& ()-Y1"109%&' ()-,/"109%& () - - T#109%&' ()-dp4dEYNC 104|
Sl 10988 () -‘b#109Bke fonsonef shapa 3 yhergiptipseqopd gniaippemagnetiedaygrinciudes gEyne
104 @$109B& ()-9109B& ()- $109B& ()-109B& ()-109B& ()-109B& () -J6! dEYNC
104| -bak@&in()-,*109B& ()-, ("109B& () -
, &M 109B& () - $109B&' () -1"109B& ()-!'l Mmo@C 104|y -10% h& () -
5. The sensor of claim 1, further comprising:
a first lead patterned on the first wing region portion of the second ferromagnetic layer;
and
a second lead patterned on the second wing région portion of the second ferromagnetic

layer.

6. The sensor of claim 5, wherein the first and second leads are recessed.

7. The sensor of claim 1, further comprising:

an antiferromagnetic layer portion patterned on the first wing region portion of the
second ferromagnetic layer; and

a lead patterned on the antiferromagnetic layer portion.

8. The sensor of claim 7, wherein the antiferromagnetic layer portion is recessed.

9, The sensor of claim 8, wherein the lead is recessed.
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F 10% h& ()-y310% h& ()-10% h& ()- 10B 10B 10B@/ 109B& () - @3dEbC 104| 10%
h& ()- 10% h& ()-y10% h& ()-10% h& ()-yy10% h& ()-Ly10% h& ()-! KWKJEbC
104| &10% h& ()-$ 10% h& ()-"10% h& ()-f 10% h& ()-L&10% h& ()-3 10%
h& ()-Kgq @EbC 104| 5$10% h& ()-3M 10% h& ()-1 1Mb10% h& ()- @! 10%
h& ()-& 10% h& ()-+10% h& ()- @GCDEN0C 104| 109%&' ()-S
109 ()-S"109%& (): S S#10% 0.h 10 h.10 h:10% h& ()-V | dEbC 104|fS
SH10%&' () - &8((10%“‘(‘ Fengerf ﬁ%%)«g} %‘j“ffe#i%%“i‘? &£ 100& ()-fIMBLOYE () -
& E!'!l I E""dEbC
104| - " 109& 1) antifgrongsrefic layeppartion hawng digst and sepandomposingpurfagpsewharein Magr#$$
$! $" $dYNC 104| 10 10 10:S10% ()-5! 109%& () -
3s$10%Hi st purfio& BT 9dRintifer@nRhOG®I ap¢r-poBhBHeElh St ¥iddirdOWlingyregion portion of the
10% & ()-L"10% & ()-  #10% & ()-
1 10% &sdcbnd 1Pérdaghbtic Fy8Yhdd () - 3J&&&l1 ") | ) ) dEYNC 104|

L, &z10% & () -, $"10% & ( *$10% & ()-gl0% & () -

Lo e () %%?j%%bﬁ%ﬂ e el R e T s, ke

104, 0% &'ggl) 1 10% & ( ,- 10% & ()-F 10/ 10/
erroma etic [ayer.
11.  The sensor of claim 10, wherein the lead includes a second portion adjacent the

second surface of the antiferromagnetic layer.

12.  The sensor of claim 1, wherein the first ferromagnetic layer is a layer of a giant

magnetoresistive tri-layer.

13.  The sensor of claim 12, wherein the first ferromagnetic layer includes a second
surface opposite the first surface and wherein the giant magnetoresistive tri-layer further
includes:

a second non-magnetic metal layer having first and second opposing surfaces, wherein
the first surface of the second non-magnetic metal layer is adjacent the second surface of the first
ferromagnetic layer; and

a third ferromagnetic layer having first and second opposing surfaces, wherein the first
surface of the third ferromagnetic layer is adjacent the second surface of the second non-

magnetic metal layer.
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10/ y: s10% & () - S5#10% & ()- ,-|-- .m .dEbC 104| - #10% & () -

10% & ()-@O0% & ()- ,#10% & ()-,s $10% & ()-,F 110% & ()-.'/b//0hOOdELC
104| @#10% & ()- @ Y"10% & ()- @ $10% & ()- 10% & () - @10% & () - 3@@
10% & () - 00HL12c22dEbC 104 f 1S#10% & ()-fy/ " 10% & () - S9- #10% & () -
S3+Y" 10% & ()-)10% & ()- S&10% & ()- 23q3r 3s3t 33' 44bC

104| SH109&’ () - @SLOUR. () o AQUE (3 o1 L. 10/ 10/ f 58 10% & () -

f 33" 10% & (§[ %214@%%%5(8%1% cﬁiﬁoﬁ’é”sh%%?&' ()-S"10% ()- S 10%& ()-

%ﬁll? gﬁ‘l(()()) Y&, S s_leg%%r r&%{;/ég%r%%%mtél)léye? 6 cfiatd ng%%g 2

f109& ()-Ss" 10%& () - SYf#10%& () - 3@10%&: ()-3999N: :;:: :dE:/ 10 10;
s109& () - 54theabid %ﬂ@naﬂm&la«yn ipeksgasgomaieyiahsplepted fgmi thefaroupiaggekel-iron,
;;0;; <0<<.=xY:/ 10@$10%&' ()-, #10% ()- @3

#1009 ()baltovd )¢ nitk@ton)coB109%& () - 3 10. ===Goe>>?dE: /

10@s" 10% () - FLO%' () - 3@ 109%&’ () - @*10%& () - @L0% () - @

109& () - ?rP?&@aaE: | 10@

+3109%&' () - S($10%& () - S&M 109%& () - S$nt 109%& () - S"" 109 ()- S

#109& () - BALASB ; : iy , ] :

1002100k () oR1a0 ror shu) by e somusies PRI R ) - BBoncc
5DYDDXY: /. 10109% & () -m.10% & () - . o

“$1094 BA{IPE2: ﬁt@é)@% d:wmﬂzaééw@ﬁ%sm@mrt fhe first GpERgS - ARipgeat the second
103+10% & ()-S)-10% & ()- @ @L10% & ()- @' 10% & () -, #10% & () -

$10% &syrfagqof 8 third ferppnagnetic layer.

16. The sensor of claim 15, wherein the third non-magnetic metal layer includes a

material selected from the group consisting of ruthenium and rthodium.

17. The sensor of claim 16, further comprising:

a fourth ferromagnetic layer having first and second opposing surfaces, wherein the first
surface of the fourth ferromagnetic layer is adjacent the second surface of the third non-magnetic
metal layer; and

an antiferromagnetic layer adjacent the second surface of the fourth ferromagnetic layer.

18.  The sensor of claim 1, wherein the first ferromagnetic layer is a layer of a tunnel

junction tri-layer.

19.  The sensor of claim 18, wherein the first ferromagnetic layer includes a second

surface opposite the first surface and wherein the tunnel junction tri-layer further includes:
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cobalt-iron and nickel-iron-cobalt.

21. A magnetic sensor, comprising a synthetic antiferromagnetic layer having first
and second wing regions and an active region therebetween, wherein the synthetic
antiferromagnetic layer includes:

a non-magnetic metal layer having first and second wing region portions and an active
region portion therebetween, the non-magnetic metal layer including first and second opposing
surfaces;

a first ferromagnetic layer adjacent a first surface of the non-magnetic metal layer and
having first and second wing region portions and an active region portion therebetween; and

a second ferromagnetic layer adjacent the second surface of the non-magnetic metal layer
and including a first wing region portion adjacent the first wing region portion of the non-
magnetic metal layer and a second wing region portion adjacent the second wing region portion
of the non-magnetic metal layer, wherein the second ferromagnetic layer is of adequate thickness

such that torques on magnetic moment in the wing region portions of the first ferromagnetic
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comprising:
a non-magnetic metal layer including first and second opposing surfaces;
a first ferromagnetic layer adjacent a first surface of the non-magnetic metal layer; and
means for canceling a torque on magnetic moment in the wing region of the first

ferromagnetic layer caused by a magnetic signal field present in the wing region of the sensor.

23. The magnetic sensor of claim 22, wherein the means for canceling includes a
second ferromagnetic layer patterned in the wing region on the second surface of the non-
magnetic metal layer and of adequate thickness such that a torque on magnetic moment in the
wing region of the first ferromagnetic layer caused by antiferromagnetic coupling from the
second ferromagnetic layer cancels the torque on magnetic moment in the wing region of the
first ferromagnetic layer caused by the magnetic signal field present in the wing region of the

Ssensor.
24. A spin valve read head, comprising:

a giant magnetoresistive element having first and second wing regions and an active

region therebetween, the giant magnetoresistive element including:
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surface of the first ferromagnetic layer; and

a second ferromagnetic layer adjacent the second surface of the non-magnetic metal layer
and including a first wing region portion adjacent the first wing region portion of the non-
magnetic metal layer and a second wing region portion adjacent the second wing region portion
of the non-magnetic metal layer, wherein the second ferromagnetic layer is of adequate thickness
such that the magnetic susceptibility of first and second wing region portions of the first
ferromagnetic layer is substantially zero when magnetic signal fields are present only in the first

and second wing regions.

25. The spin valve read head 24, wherein the non-magnetic metal layer includes a

metal selected from the group consisting of ruthenium and rhodium.

26.  The spin valve read head 25, wherein the first ferromagnetic layer includes a

material selected from the group of nickel-iron, cobalt-iron and nickel-iron-cobalt.

27.  The spin valve read head 26, wherein the second antiferromagnetic layer includes

cobalt-iron.
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and

a second lead patterned on the second wing region portion of the second ferromagnetic

layer.

29.  The spin valve read head 28, wherein the first and second leads are recessed.

30. The spin valve read head 24, further comprising:
an antiferromagnetic layer portion patterned on the first wing region portion of the
second ferromagnetic layer; and

a lead patterned on the antiferromagnetic layer portion.

31. The spin valve read head 30, wherein the antiferromagnetic layer portion is
recessed.
32. The spin valve read head 31, wherein the lead is recessed.

33. The spin valve read head 24, further comprising:
an antiferromagnetic layer portion having first and second opposing surfaces, wherein the
first surface of the antiferromagnetic layer portion is adjacent the first wing region portion of the

second ferromagnetic layer; and
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the second surface of the antiferromagnetic layer.

35. A magnetic sensor, comprising a synthetic antiferromagnetic layer having first
and second wing regions and an active region thereb'etween, wherein the synthetic
antiferromagnetic layer includes:

a non-magnetic metal layer having first and second wing region portions and an active
region portion therebetween, the non-magnetic metal layer including first and second opposing
surfaces;

a first ferromagnetic layer adjacent a first surface of the non-magnetic metal layer and
having first and second wing region portions and an active region portion therebetween; and

a second ferromagnetic layer adjacent the second surface of the non-magnetic metal layer
and including a first wing region portion adjacent the first wing region portion of the non-
magnetic metal layer and a second wing region portion adjacent the second wing region portion
of the non-magnetic metal layer, wherein the second ferromagnetic layer is of adequate thickness
such that the magnetic susceptibility of the first and second wing region portions of the first
ferromagnetic layer is zero when magnetic signal fields are present only in the first and second

wing regions.
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