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This inve"ntion relates .in ge~EH:n_l · ~o· m~gnet.ic·:ti::~sducerl? fJ>r ~­

reading information .-s:i.gn~ls frrim · ~ mag~ettc :medi~. ~d, h .parti~ular, 
to an ·impro~e~ magnet~re~isti~e :read ~r.ansdu.cer~ 

. . .. 

The prior art discloses a,magnetic·:transducer.referred to as a 

magnet_or~sistive (MR) sensor o~· ·head whi.~h has: ~e_e~ shown to ."be capabl~ 
of re4ding data fr~m a. magnetic surface at _great· ~iiiear densities.. An 

MR sensor d~tects magnetic £ie.l<:{ signl\ls ... through the ~esist8:11~e changes . .. 

of a read element made from a magnetic material as a function of the 

amount and direction of magnetic fl11x hP.in~ sensed by ·the element .. 

These prior art MR sensors operate on tlto ·bnsis. of the anisotroP.ic 
. . .. 

magnetoresistive (AMR) effect in whJch n component of the re.sistance .. 

varies as cos2: of the angle betm~en th~ magnetization and the direction 
. .... . 

of current flow. These HR senso.rs hove. operated on the basis· of ·the AMR 
i 

effect even t~ough this effect pr.odncP.d only n very small- percentage 

change in the resistance. 

More recently, reports have hnen puh.l i.shed of techniques for 

obtaining enhanced HR effects. One of -tl"u~se ptiblication.s t "Enhanced 

Magnetoresistance in Layered Magnetic Str.nctures with Antiferromag:i:tetic 

Interlayer Exchange".• G. Binasch et al .• ·rhys. Rev. B. V39, p. ti.828 

· (1989) and U. S. patent 4, 949, 039 de~cd bo a layered magnetic s t·ruC:ture 

which yields enhanced MR effects c1111s~rl hy. anti.parallel alignment of the 

magnetization. However the satl.1rntioo OP.Jds requir~d to obtain these 

changes in resistance wer.e too ·h i.gh and t:he ef~ect too nonlinear and 

th~refore unsuitable for producing n p.rnctical MR sensor. 

In order for the MR phenomena in mn~.tilayP,·rcd structures to be of 

technological importance, _it is nnces:::nry to achieve large changes in 

resistance at relatively low sat1ir.ation fields. so that the :rate of 

change of MR ·vs. applied field cnn hn optimi.?.ecl. 
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.. : It is therefore the principal ohjP.ct. of. this invention· to produce 

an improv.ed. MR sensor. .. i .. 

This .invention provides a ·magm~tC)rE>.F::isti.ve sensor compri~_ing a 

layered structu.re having.at· l~ast onn hH1.1yeT. compr:i,sing a first thirl 
. . . . .. 

film ·of ferromagnetic material in i.nterfncial C<?nt.act with a second thin 

film of nonferromagnetic .metal lie matAr:i.Al ,. chara~teris.ed~by th~ 

bilayer comprising a third thin film of material within said first thin 

film.of ferromagnetic material, said third thin film having a thickness 

of between a fraction of a monolayer. nnd several monolayers and being 

located at a predetermined distance x from the interface between said 

first and said second thin film layers. 

·A current flow is produced throi1~h' the MR sensor, and the . •. 
variations i~. r'esistivity of the MR FIP.1lFI0°~ produced by ro1:ation of the 

magnetization·~~ the first. thin f~lm. l~yP.r."of ferromagnetic mate~ial is 

sensed as a func,tion of the magnetic fi.eld being sensed. 

In a specific embodiment of the invP.ntion, tlte HR sensor comprises 

a trilayer .s1:i.u.cture .having a first mrcl .n ·F:econd thin .film lay~r of 

ferromagnetic material separated by 11ml I u interfacial contact with a 

third thin film of non-magnetic meta.I] ir: mR.terial. In this case a thin 

film layer of material is provided i.n "i. t.ll<fr or both of the 

ferromagnetic layers. 

In a further specific emhocl:i.menl. r~f t:he inveuti.on, the MR sensor 

comprises a trilayer structur.~ lrnvfo,g ;1 f·jrst nnd a second thin film 

layer of ferromagnetic mater'iA l .~rip.<irnt:~<l hy nnd in interfacial contact 

with a third film of non-magnetic met:.111 k mate.rial. In this case a· 

. thin film layer of ferr.omagnetlc mt.1.tl"ri.1 I i.fl provided at either or both 

of the interfaces between the ferrom11p,,not·i c layers and the thin film 

layer of non-magnetic mate~ial. 

All of ·the described e.mbod iment~ pr.o<luce an MR re·sponse in which 

the magnitude of the response .i.fl hj~h 11r1d the fi.eld required to produce 
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·this change in resistance is no greatnr. t:hnn prior art structures which 

produce much lower MR response 

The invention will be further. dP~cri.hrid i.n the.following-more 

particular description of· embodiments of thP. .·invention ·SR illustrated in · 

accompanying drawings, wherein. 

Fig. 1 is a diagraminatic schematic v.i.ew of a specific embodiment of 

the magnetoresistive sensor according to.the present invention; 

Fig; 2 is an end view of an alternate embodiment of the 

magnetoresistive sensor according to the present invention; 

Fig. 3 is a diagrammatic schematic view of a further embodiment of 

the magnetoresistive sensor accordi.ng to the present invention; 

Fig. 4 comprises four related graphs a-d which show magnetic and 
I 

resistive chAracteristics for a specific embodiment of the 

magnetoresistive sensor of Fig . .1.; 

Fig 5. is a graph showing magnet:ornsistance vs magnetic field at 

half saturation for a pluraHty of mn1tnetoresistive sensors of the type 

shown in Fig. 1; 

Fig. 6 is a graph showing 11 compnrison of. two structures of the 

type shown· in Fig. 3 for which only otm of the structures has interface 

layers; 

Fig. 7 is a graph show.ing the v11rint:i.on in MR response with 

thickness of a Co interface layer.; 

Fig. 8 is a graph showing the ro('lm temperature magnetoresistance 

versus magnetic field for two speci.f.ic structures of the type shown in 

Fig. 3; 
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·Fig. 9 is a graph showing thP. vt-iTioti.ons. ln MR response ·with 

thicknus of a eo70 _Fe30 
inte~fAce ll'lyPr: 

Fig. 10 is two related graphR· i:=howfo1t ·the variation in MR· _response 

with thickness of a Co interface layer f.or i:;trnctures with two interface 

layers (top) ~d with structuTes havin~ one interface .layer (bottom); 

.. 
Fig. 11 is a graph which show thA n;-H loop and the MR response for 

a specific ·embodiment of a layered ma~netic structure similar to that of 

F~g. 3; 

Fig. 12 is a graph which shows that B-H. loop and the MR response 

for a further specific embodiment of n lRyered magnetic structure 

similar to that of Fig. 3 . 

. Recently, giant value of magnetorn~ ii:= tance have been identi~ied: in 

multilayered structures of the form f F/NNI where F is a thin layer of 
n 

ferromagnetic material such as i~on (Fn) or cobalt (Co) and ~M is a 

non-magnetic spacer layer such Rs chromium (Cr) or copper (Cu). 

Observation of large values of magm1ton~.si.stance in such multilayers is 

found for structures in which the F lnyers are exchange coupled 

antiparallel to one another vin th~· NH l 'lyP.r. Typically, magnetic files 

in the range of several hundred O~ flr.e. 1~eq11j red to obtain these changes 

in resistance. 

A specific embodiment of R mu 1t.i.J11y"'-r.ed structure, according to the 

present invention, is shown in F.i.g. I. Tho magnetoresistive (HR) sensor 

10 shown in Fig: 1 comprises repP.ated hi 1.nyAr.s of a thin layer ~f a 

ferromagnetic material 12 and a non-mag1rntic material 14.. According _to 

the present invention,. a th.in layP.r of m11ter. i.nl 16 i.s located within the 

layer of. ferromagnetic material 12 :it ,q cli.stm1ce x from the interface 

between ferromagnetic layer 12 and non-m11gnntic layer 14. As will be 

shown in greater detail below. th!'\ Rcidi t.icm of this thin layer of 

material 16 within the ferrcmngnetir: lnyP.r 12 .increases the magnitucle of 



. ~." ·. . . 
. • .. 

. ·. ~ 

. _.; _.,,._ ... . : .. ~: . 
~ ... 

·'..: ... _ .. 
: .·· 

SA9-91-04l 

' . 

:the magnetoresistance without suh~tant 1.~J J.y i.ncr~asing the applied 

magnetic field. 

Another structure that has rec·ent: ly heen ·identified comprises a 

sandwich structure of the form Fl/~/V2/AF. Low saturation fields have 

been obtained for these sandWich str.nctur.es by ~xchange biasing the F2 

layer with an antiferromagnetic (AF) layer. such as MnFe. Values of MR 

in the range·of 3-5% can be obtained for these structures for fields in 

the 10 Oe range. . Other structure~ n!qni.rP. A much larger saturation 

field, by. a factor 9f approximatelY. 5. times larger. 

A specific embodiment of sandwir.h structure, according to the 

present invention, is shown in F.i ~· ?. • ThP. MR sensor 20 shown in Fig. 2 

comprises ~ first layer of ferroma~m~tic matet"ial 22, a layer of 

non-magnet_ic material 24, a second IRyP.r. of. fex:romagnetic material 26, 

·and a layer of antiferromagne;t.i.c matP-rin 1 2R. Elec;:trical leads 29 are 

. provided to form a circuit path betwoe.n the t1R sensor structure, current 
r 

Jource 19- and sensing means 11. OthP.r. I.Ayers (not shown) may also be 

provided for various biasing fields, for example, as is known in the 

art. Current source 19 produceR a <:nrrf!nt flow through the MR sensor, 

and sensing means 21 provides circnl.ts to sense the variations in 

voltage across the MR sensor producP.cl hy changes in resistance of the MR. 

sensor due to rotation of the magm~ti.?:ati.ou i.n the first ferromagnetic 

layer 22 as a function of the magnat i.c Fi P. ld being sensed. 

According to the present inv~n t i.m1. ;i thin layer of material 23 is 

located within the first layer <lf fnrrQmAgnP.ti.c mRterial 22 at a 

distance x from the interface betWP.Pn forr.omngnet.tc layer 22 and 

non-magnetic layer 24. A second thin l:iyer. of material 25 may also be 

located within the second layer of forr.nmRgnet:i.c material 26 at a 

distance y from the interface hetweP.11 fc>.rr.omagnet.ic layer 26 and 

non-magnetic layer 24. The additi(ln of t:hesP. thin layers of ma.terial 

23, 25 substantially increase~ tlu'. m11gn.il:11de of. the magnetoresistance 

with a low applied field. 

. . • ... ~. ~- ·.· ./~~: ·: ..... >r ·.(·· 
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. , A further embodiment of n.n MR RP.nf'io~, ttccording to the present 

.. invention, is shown in Fig. 3 .... ThP.. MR RP.nsor. 30 shown in Fig. 3 

comprises a Special Case Of the pnwinnR]y (1escribed embodiments in 

which the ~istance x and y is 7.P.ro. "l'h Is· ~tructure .comprises -a.·first 

_-layer of ferromagnetic· material 32. ;i lny-P.i of non-magnetic material 34, 

and a second layer of ferromsgnr.tic mnt~r.i.al 36. A thin layer of 

ferromagnetic material 33 is located nt· th~ interface between 

ferromagnetic layer 32 and the lnyAr. ~f non-magnetic material 34. A 

second thin layer of ferromagneti.c mRtAdal 35 may also be located at 

the interface between the second layer of: ferromagnetic material 36 and 

the layer of non-magnetic materiA.l 34. · 

The purpose of thin layers of mnter:i.al 16, 23, 25, 33 and 35 is to 

produce a localized region whose spl.n dependent scattering properties 

are different from the layer of f:e.r.r.omaJl,;nAtic materia_l into which the 

localized regions are introduced. l'hP. thi.n layers of materiai· 16, 23, 

25, 33 and 35 have a thickness of .a frt1cti.on of a monolayer to several 

monolayers or more of material, so theRe layers will be refetred to as 

nano layers. The materials ·for the 1111001 Ayers are metallic, and their 

characteristics are chosen basP.d 01i l:hE\ l'r-~r.romng;netic materis.ls into 

which they are introduced. The hQnk, FF.RROMA..GNETIC MATERIALS, Vol. 3, 

edited by E.P. Wohlfarth, North-lfol 1.nncl £ 1.986) has on pages 766-9, 

Tables 1, 2 and 3 which report thP. rm:: i.dun 1. r.esisti\•ity and temperature 

dependence of resistivity for. 11 munb<'!r of impurities in n.ickel(Ni), Co, 

and Fe as well as spin dependP.nt ·i.111p11rit.y sc;ittering resistivities. 

These tables provide examples of m11tP-r i :11 s thn.t nre candidates for use 

as the nano layers for the respC!!ct ivf' fi-rromagn.etic materials' as well. 

These and other materials may a lRo b~ choRen becaus·e of their spin 

dependent electron scattering pr.oper.tii-s ciAr.i.vP.d from induced strain, or 

introduced defects, or caused by thr. r.h;1nge i.n electronic band structure 

that the nano layer introd,uces. . Not.<'! t.ht1 t: some of these materials are 

ferromagnetic and some of these mt1tcrinls ;:ire non-magnetic. Only the 

ferromagnetic materials are suitnh le .for nsA as thin film laye:i;s 33 ~nd 

35. 
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presen,t ·invention, a specific nmb('rl:lmnnt ·or··mu:Itilayer-~d ·structures as 

shown ·in Fig. 1 were produced wi.t·h·'thn·f,..'rr.C?R1~gn~tic_-1ayer·l:~-.£~rmed of 

Fe, the· non-magnetic layer l4 fo:rm<->d nf::cr .• :·rind· _th~---~a~olayer:-0£--
material."16 was also formed of""cr.· -M,P.·--~t_r.iicti1res··_·-~~re··-~~epa~ed··-on a 

silicon (Si) substrate with. a Cr. ·un~P.rlayer. 11s .. follows:-· 

Si/Cr(30A) /[Fe(XA)/C~C 1A)/F~(40-2~)/r!~( J.A)_/FeCXA)/dr~~cr> i 30 i crC?OA) 

Films comprising Fe/C~ multilayers with·thin Cr nanolayers.placed 

within the-Fe layers were deposited by r f sputter~g on Si substrates, 

and the resistance as a function of AppHed _field measured. The Cr 
0 -

nanolayers consisted _of 1 A of mater.i.Al cleposited within the Fe layer at 

at distance x from the Fe/Cr :i.nter.fAr.P. thnt was-systematically varied 
- 0 ' 

from 0 to 17.SA. Three series of films wP.ro dep_osited with the Cr layer 
0 : 0 ~ 

thickness, t -, of lOA, 12.SA, And I'll\. Noto.that, for films made er 
within each of these three 1 types, tho on I y dt~nge is in the location of 

- ! 

the ~anolayer, and the total amonnl: nf Mir.It el~ment is kept fixed. The 

results of the measurements on thesn stn1r.tnrP.s is show in Fig. 4 in a 

set of four related graphs in which ( 11) is t:he observed fllm resistance 

at high applied field, (b) iS thn i:-:hnng<' _in rP.s istivity A I' when the 

magnetic layers were saturated in n11 nppl i.~<i Held, (c) is the relative 

change in resistivityAP/P (typicRlly rc•l'~rred to as a giant 

magnetoresistance), and ( d) is thn f i ~I <l l:equi.red to reduce the 

resistivity by half of its tol:Rl _<~xr.11r~-ion, u
1

/
2 

(roughly half the 

saturation field). It can be seP.n frc\m t:hn:::A g:raphs that the change in 

resistivity_ AP dramatically inc.reRsP-s ns the -rianoiayer is positioned 

further from the interface. This i.nr.r ... nsn sAtnrates once the nanolayer 
0 

is positioned more than about lOA fr.om 1·he inte.r.face.· 

'i:he magnetoresistance va.l.uP.~ for n ~:i.von saturation field obtained 

by nanolayering are consistently _lt1rgn1· than those obtained from 

conventional Fe/Cr films. Th.i.s i_s P.As i 1 y sm'n by plotting tb.e 

magrtetoresistance IJ. R/R vs a
112 

for fi llll!=: fnbr..i.cat~d .i.n each of these· 

ways. Fig. 5 shows this C.OllllparJson ii• whi.d1 all conventional Fe/Cr 
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films·· that· we have produced fa-11 foto n nl'lrrow band around the dotted 

. . .· 0 

line. Shown for c~mparisori.. nre the nanolayAT f_i_lms with tcr ~ 15A •. 

. These· fiims_. clearly deviate. from the dott~d line toward_ higher, 

~agneto.resistance for a given sa.turatfon field. Th.ts data shows ,.that~ 
. . . . 
by the· addition of the nanolayer. an i.mpT.ovement by a factor of two. in 

magnetore~istance is obtained, for a given satu~ation field, over that 

obtainable with any conventional Fe/Gr f:Um. 

· It can ·be seen from Fig. 4 that thA i.ncrease in magnetoresistance 

is not great for X~O. However, this data i.s takP.n for. a structure in 

which the nanolaye~ is non-magnetic matet'ial, Cr. It has been 

discovered that, with x=O (ie. fl nRnolay~r. at the interface between the 

ferromagnetic layer 22 and the non-magnAtj~ layer 24) and where ·the thin 

layer of mater~al 23 is a ferromagn~tir mateTial, a substantial increase 

in magnetoresista~ce is producP.<l, for r.P.~tRin magnetic and non-magnetic 

materials. 

i 

This increase in magnetoresistance that can be obtained by this 

structure is graphically demonstrated .in Fig. 6 in which the bottom 

curve shows the MR response for." R ~trnct11r.e without na.nolayering and the 

top curve shows the l-IR response for th~ same structure with the addi.tion 

of nano layers. The structut"e for thA hot: tom curve comprises: 

0 0 0 0 0 

NiFeCo(70A)/Cu(2SA)/NiFeCo(30A)/MnFe(ROA)/Gu(lOA) 

The structure for the ·top cur.vn 01mpr.ises: 

o o o n o o o 

NiFeCo( 67A)/Co( 3A) /Cu( 2SA)/Co(JJ\. ) /Niy<>.C~o( 27A)/MnFe( 80A)/Cu( lOA) 

The data in Fig. 6 cle..ady clE\mon~t:rntes n doubling of the MR 
(j 

response by insertion of a .Co Jnyer jm::t JA thick at the NiFeCo/Cu 

interfaces. The field requi.r.ccl to oht.:ii11 the doubled HR is not 

significantly increased. 



•.! 

... · .·· 
.··:··· . .:···: 
:.· .·· . 

. : .·· .. ..-· ... · 
~ . . .. 

SA9-91-041 CJ .. · ... · ... 

Fig. 7 shows the dependeacA of t:hP. MR r.espo!l~~- o~· the_ thi~kness of 
-

the inter-face layer 23, 25 .whic:h. hi th-is nmhodiment. is Co. Ttie 

structure is of the same form m:;· thAt r.omd.dered in F_ig. ·6 and 

comprises: 

0 0 . 0 0 0 0. 0 

NiFe( 60-XA) /Co(XA)/Cu(30A)/Co(XA) (NU'n( 2~-XA) /MnFe( lOOA) /Cu( lOA) 

The data of Fig. 7 shows that the MR r~sponse increases rapidly with 

increasing Co thickness and then levn 1 s on t w·ith further increasing 

thickness. Increased Mr· response hai;; hP.en. noted for the thin interface 
0 . 

layers from 0.5 to 20A, and the preferred thickness range is.from about 
0 

3 to about 20A. 

Fig. 8 shows a comparison of tho MR response for a Co/Cu/Co 

sandwich structure of the form: 

0 0 0 0 0 

Co(60A)/Cu(30A)/Co(25A)/MnFe(lOOA)/Cu(lOA) 

and a NiFe/Cu/NiFe/MnFe structure with ;1 thi.o Co interface layer of the 

form: 

o ·o o o o o o 

NiFe(55A)/Co(SA)/Cu(25A)/Co(5A)/NJFP.(201\)/t1nF'P-(lOOA)/Cu(lOA) 

The data clearly shows that, whi_l~ l:hr-! m:ign:i.tnde of. the MR response have 

similar values, tl:i.e NiFe/Co hasE'.rl st:nu~1·11 rP lrns 11 much _smaller 

saturation field. 

Fig .. 9 shows that the i.uterfricf'o l11ynr cnn a.lso be an alloy rather 

than· an elemental layer. This strnd:11rn .i.s of the form: 

0 0 0 0 

NiFeG0(62-XA)/Co
60

Fe30(XA)/Cu(251\)/f'.o70 Fn30
(Xll.)/NiFeCo(25-XA)/ 

MnFe(lOOA)/Cu(lOA) 

This structure. shows a. similar rlrrunnt: i r- i nc.r~nse in MR response with 

thickness of the Co70Fe30 layer. 
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Fig. 10 shows a comparison nf 11 st.r11ct~1re. that has an in·terface 

laytfr at both interfaces with ;i R-irJil lnr !'ltructnre which has an in~erfac& 

layer at one. of the. F /NM inter.fnries. 'f1m top figu~e shows data for a 

structure·comprising: 

0 0 0 0 0 0 0 

NiFe(60-xA)/Co(XA)/Cu(30A)/Co(SXA)/NiFe(?.5-XA)/MnFe(lOOA)Cu(lOA) 

The bottom figure shows data for a s:imi.l.ar structure comprising: 

0 0 0 0 0 0 

NiFe(80-XA)/Co(XA)/Cu(30A)/Co(35A)/MnFe(13QA)/Cu(lOA) 

In the bottom figure, since an interf.Rce layer is provided on only one 

of the interfaces, the MR response ouly increases by 47% in this 

embodiment, approxima·tely half thn i ncrMRe found in the top figure in 

which two interface layers werP. nsncl. 

The HR response is still subi:;tantin.I. for. a structure in which a 
i 

single iitterfa~e layer in used, And the> "alue remains high with 

increasing thickness of the intP.rfnr:P. l11yer. os shown in Figs. 11 and 12. 

The HR response shown in Fig. J..1 ii:; fnr t:hP. fo"l lowing. str.llc.ture: 

0 0 0 0 0 

Si/NiFe( 80A)/Co( lOA) /Cu(22A)/Go(:HJA) /F•'Mrt( l 50/\) 

0 

This s.tructure shows an HR responsP- of 11hont 5. 3% with a lOA Go 

interface layer. The MR respons1~. in r:ig. 12 i.s for the following 

structure: 

0 0 0 0 0 

Si/NiFe( 60A) /Co( 20A) /Cu( 22A) /Co (:30A) / F"Mn ( lSOA) 

0 

this structure shows an HR respon:::;P. nf ~1ho11t 5. 8% with a 20A Go 

interface layer. This demonstr.ntns t:l111 l. thn useful range of thickness 
(1 0 

of the Co nanolayer is between nhont :~/\ nnii nbout 20A. 

We have shown that the adclition {~1 n thin layer of material will 

substantially increase the magnitnci~ nf the MR response when located 
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-within the ferromagnetic layer nt "' dJl:;t11nce x from .the interf~ce 

between the ferromagnetic .layer nncl thE> n·on-magnetic layer. We. have 

also shown ·that, for the speciR l .cnsn · _i.11 whi.ch the· distance X=O and the 

thin layer is a ferromagnetic mnteri(ll, -.i:he .magnitude.of the. MR. respons·e . . . . . 

is also· substantially increased". ·In hoth. cases there. is substarttially . 
. . 

no increase· in the .magnetic field r.cqnir.od to produce the change in 

resistance. 

There has been described a inagm~tor.,s.i.stive sensor comprising a 

layered st·ructure having at least two b:l.lRyer~ each comprising a first 

thin film of ferromagnetic· material fo ·interfacial contact with a· second 

thin film of nonferromagnetic metnl Hr: mnteri11l, 

A third thin film of materia.1 w:i thin sn.i.d first thin films of 

ferromagnetic material, said th:i.rd t-hi~1 film hnvi.ng a thickness of 

between a fraction of a monolayer 111111 !':"'\•nr.111 monolayers and being 

located at a predetermined dista.ncn ,.: fr.nm t.he interface between said 

first and said second thin film .I aye.rs; 

means for producing a current fl.('IW through said magneto:cesistive 

sensor; and 

means for sensing the varintions i11 vo 1 tage across said 

magnetoresistive sensor produced hy r.hm1.ges i.n resistance of said 

magnetoresistive sensor due to rot:ition of the magnetizat.ion in said 

first layer as a function of the mnj!;nP.tic: f:i.eld being sensed . 

. While the invention has bP.en pnrl'.ic:.nl.11.r.l.y shown and described with 

reference to a preferred embodi.mAnl: th1~r<".of, .it will be· understood by 

those skilled in the art that vnrionf: "th.Ar. changes in the form and 

details may be made therein wttho11t cl~p11rting f.rom the scope of the 

invention. 

. . 
. . . · 
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1. A mag~etoresistive ~ensor comprising a layered· structure.having at 

least one bilayer comprising a·first thin film of ferromagnetic material 

in interf acial contact with a second thin f ~lm of nonferromagnetic 

metallic material' characterised by the bilayer comprising a th.ird thin 

film of material within said first thin film of ferromagnetic material, 

said third thin film having a thickness of between a fraction of a 

monolay~r and several monolayers and being located at a predetermined 

distance x from the.interface between said first and said second thin 

film layers. 

2. A magnetoresistive sensor as claimed in Claim l comprising a 

layered structure having ~t least one tri+ayer ~omprising the bilayer 

.~nd a fourth· thin film layer of ferromagnetic material separated by and 

in interfacial contact wi~h the second thin f ilin layer of non-magnetic 

metallic material. 

3. A magnetoresistive sensor as claimed in Claim 2 additionally 

comprising a fifth thin film layer of material within said fourth thin 

film layer of ferromagnetic material, said fifth thin film layer having 

a thickness of between a fraction of a monolayer and several monolayers 

and being located at a predetermined distance y from the interface 

between said second and said fourth thin film layers. 

4. A magnetoresistive sensor as claimed in Claim 3 wherein said 

distance y is from 0 to a.bout 17.5 angstroms. 

5. A magnetoresistive s~nsor as claimed in any of Claims 2 to 4 

wherein said third and/or said fifth thin film of material comprises a 

metallic material. 

6~ A magnetoresistive ~nsor as claimed in any ~receding claim wherein 

said third thin film of nnaterial comprises a nonferromagnetic material. 

. . This Sheet Has Been Replaced 

11111111 111111111111111~ 

... 
·: :·:: 



. .. ~: ·: . 

11111111111111111111111111 1111 · . 
* C L M S * 

. ~ .. 
~··· . 

.. . r''""'""".::-"-" __ ._,_. · ..... -:-' -----.:......:.. 
._·. __ · ... · .· THJS_:Sl;fEET HAS -BEEN. 

.. :· · · , .. ·. ~El'i:~CED · 

· ... SA9-91-041 13 :··.· .. 

- ·7. ~ magnetoresistive sensor_ as claimed in any preceding claim wherein 

·said distance x is_ from 0 to about 17 ;s angstroms. 

8. ·.A magnetoresistive sensor as claimed in ariy. preceding c;J.~im wherein 

said first-thin film l~yer is Fe. said· second thin film layer is Cr and. 

said.third thin film layer is Cr. 

9. A magnetoresistive sensor as claimed in Claim 2 or Claim 3 wherein 

said distances x and/or y ar~ zero and said third and/or said fifth thin 

film layer~ of ferromagnetic material have a thickness within the range 

of 0.5 to 20 angstroms. 

10. ~ magnetoresistive sensor as claimed in any preceding claim 

comprising means for producing a current flow through said 

magnetoresistive sensor; and 

means for sensing the variations in voltage across said 

magnetoresistive sensor produced by changes in resistance of said 

magnetoresistive sensor due to rotation of magnetization in said first 

layer as a function of the magnetic field being sensed. 


