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" Magnet o-r esi st ance device, and magnetic head conprising such a device" ~
The invention relates to a nmagnet o-resi stance device conprising a stacked
structure, said stacked structure conprising a substrate: having a surface
on whirch a mpaNI1ays?g structure is provi ded " The i nventtomwys
also relates to a magnetic head conprising such a magneto- resistance
devi eg. "Magneto-re BERG! Gevids iafid a@Reticshdat @bmﬁﬁﬁ,ﬂg sBtof dedies’eby the
el ectrical resistance-aeasured along a given path within an appropriate _
material is folnd to be influenced by the presence of a magnetic field,- -
I ntersecting the material. The phenonenon can thus be exploited to
transcri be probed magnetic field fluctuations into accurately neasurable
resi stance variations within the material, thereby lending itself to
application in fine magnetic field sensors and nagnetic heads. Such
magneti c heads are used for transferring information to and froma magnetic
recordi ng medium such.@s.a neti 1 : ol
magni t ude of the magne?gg }:gg{q@%%ei%et&eﬁo?ﬁ;&géﬁt%h%s‘fséan 8? \c/ig\ﬁc%g?rﬁp r|!sr%IT é;& stacked
particul ar magRetupd, shid stRREE QG dontprisiigraibubstrate davihg a surfatéromiwihidh K err ]
is the electrical resistaneg fieasured along the said path in the absence of
a magnetic fimwlglayemsinture ds proridedal | est el ectrical resistance measurable
al ong the sane path in e vari bbfisihe 8hdh 2 TAEnsa! ve
of MR is usually expr egé%ng%éﬁ‘fin %g(ﬁ:‘ée}%tfg&oe?;ﬂaaggéh%sﬂ%ggﬁeng% as ?‘ar g‘é as
possi bl e 550 assiftanceideviteraxi mum attai nabl e sensitivity in sensor
applications such as those nentioned above. ) X
* Magneto-resistancé is that phenomenon whereby the electrical resistance
measured along a given path within an appropriate material is found to be influenced by
the presence of a magnetic field intersecting the material. The phenomenon can thus be
exploited to transcribe probed magnetic field fluctuations into accurately measurable
10 resistance variations within the material, thereby lending itself to application in fine
magnetic field sensors and magnetic heads. Such magnetic heads are used for
transferring information to and from a magnetic recording medium, such as a magnetic
tape or disc.
The magnitude of the iflagneto-resistance effect along a given path in a
15 particular material is rendered by the formula:
3 MR = (Ro - Rp) (1
P RO -
= = —
" in which Ry is the electrical resistance measured along the said path in the absence of a
magnetic field, and Ry is the smallest electrical resistance measurable along the same
20 path in the presence of a variable magnetic field. The value of MR is usually expressed
as a percentage, and is preferably as large as possible so as to yield maximum attainable
sensitivity in sensor applications such as those mentioned above.
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2 ) A magnet o-resi stance devi ce as hereabove described is
elucidated in United States Patent US 5, 134,533, in which the stacked
structure consists of a planar non- conducting substrate which is
alternately p@gﬁ{:ogg 7g¢i th thin layers of fepromagnetic materi al 15.07.1994
(preferably Fe Ni) and thin |ayers of non-magnetic materi al

f bl C, V | ed
(preferably or AI' l'?l \ﬁnggeregx pt?eg?cjerﬁg Herabd RS Jé@?ﬂ%% lefiRldadedGRUP! €

across the | atter and ane easy axls of nmgnetisation, the
total thicknegaited Stdie Pauhtutjr&ly?ﬂm 533; inuwhich ehd $tacked ctroetdre- toasisty dffa plh@cr
order of a mcron. The electrical, resist ancie of ,such,_a Zadacke stru

can be measur 8an69ndusEng syhgtrateimioh iscHiemataly. arow t"&‘&bﬂﬁ’i‘ R c”

the pl ane of h rﬂ% rfetid &l

el ectrical t"ﬁ?"’ﬁwﬁf?%’z F%hggsr’u?ﬁl aygﬂrnps ucture e ratio Opﬁ ﬁ‘e sai d
el ectricab volQrp¥eoreMiy, thedbandrrbefry mwﬁMgnyu@nxgumgpltmacmsd the lattertang

el ectrical resistance. The val ues thus neasur ed n .both étple absence and

presence of ahaVRE &pArrplang gawt 1xds pf magnetisationy e to@'rﬁlm efthe HYERYE e ¢t he
magnet o-r esi SE éﬁ?xie%&sefotnﬁg@ggﬂxg d[q@;!)ﬁm( 3; Infedo © TRE BleL@i¢al rem@ﬁﬁ@&aﬂf&h a

Typi cal val ues nce e ect thus attained wth t
known  stac kedcmdrmbww caf be ﬁfea:tulﬂai by dpplying aA6ewvn electrical voltage gradlent

[ ts | eadi to th t t h ni tude of .th t 0- .
Fe5i st ance of FEBES erSIADE BBy, ereh S RER SERTElr POy L slertisab g
usi ng an jgal gk faiKFol BRSO AEReY thel Afip W i salecaREll vfkagd e 11 Cal

vol t age gradl ent "was = per pen | ayer structure, together
with rTEhe i ndueledtrichlovurrent 9ieﬁ1ihg 'thea}a.lueomfrthealecuical zesistahes. iy wabiestiuisd t hat

t he neto-re t ance effect obtained ng .t hi altern
(perpe%dl cul aF‘S)ea?%l ; ﬁ’sdﬂl @r?é?@?laﬂi ol g"(fé‘?‘iﬁ?%ﬁ"qlé’i”&gfe ﬁglﬁ fﬂ’a‘?e
obtained w th xtnBﬁag c&lﬁt@ttﬁé fﬂa e A itdnRd eﬁ&ﬁr@fﬂrgy?orﬁ%l@fl) vidus

factor of five or exanpl e ticle Gjs et yS. Rev.
Lett. 70 (1993amgppge§‘y1ﬁw3mluesmme magneto-resistance eﬁﬂméwrattamd aﬂtheqhgémpwn

di sadvant age of IS per endi cul ar I ng geonetry conpared to the
| ateral fdasuf FEFIA ?/rel%f ﬁHfdefﬁgag sol ute val ues of the electrical

resi stances neasured i Qntéigeﬁxﬁéﬁ? 'Ieaﬁ?ﬁﬁ% Qﬁ@m@éxﬁﬁh‘ aR mighiRde of tiamadnase

measured in the |atter cas as a resglt of the huge magnltude dlfference
bet ween t he dresistanico effectfderrioastratéd by ayabira stacrlq@dtsm@turmwammvwgp disiag|agr

direction (of rder of, a mcro |n1 (of
the order of i‘(t%“?ﬁ Ve BSASHERS: geq;peqyn&érey«'}ucﬁgg% flch’éqag? él,?%é g?%fl&grwﬁsead
to increased gé@eiditdif m%&%ulﬂﬁg&%&ﬂéﬁx%' tb%htﬁ&gﬂﬁi fhe in@fks FRRCEL desticsts
enploylng t he perpendi cul ar neasuring geonetr
20 current. It was hereby observed that the magnetmres:stance effect obtained using this
alternative (perpendicular) measuring geometry was considerably larger than that
obtained with the common (lateral) measuring geometry, by as much as a factor of five.
- See, for example, the article by Gijs et al. in Phys. Rev. Lett. 70 (1993), pages 3343-
| 3346. N |
25 7, “Bowever, an attendant disadvantage of this perpendicular measuring
geometry compared to the lateral measuring geometry is that the absolute values of the

electrical resistances measured in the former case are drastically lower than those
measured in the latter case, as a result of the huge magnitude-difference between the
dimensions of the multilayer structure in the perpendicular direction (of the order of a
30 micrometer) and in the lateral directions (of the order of 100 micrometers, or larger).
Such tiny resistance values lead to increased electrical power consumption in magneto-

resistance devices employing the perpendicular measuring geometry.
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3 A trivial solution to this prdbis&hetHs Ban Reglaldy | Ncr ease
the total thickness of the nultilayer structur , c val ues
approaching the structure's lateral dinmensions, | Wt aneously

i ncredsi ng the Qﬁg%cul ar resistance of the struc . S, ho%\(ﬁrl,gg
is an extremel y " TheffiCient, expensive and ifpracticable neasure, inh Vviéw

of the I engthy and costly .deposit.ton pcesses .and .t [ wel .
quantities .of precious i __ttﬁYIEP \ﬁl‘i’%% Pﬁhﬁé)€§®gﬁlg?%§m{h?¥ fq%&é%«% ﬁfél tﬁa}l g}ﬁ%gbe%sa[
as a viable se@f e @filtilayer structure to macroscopié vhlieSspppbiching thé striiturenvRIION -
to provide a practical nmagneto-resistance device having a multilayer
structure whi cdimensionst theneby sunulanepuslysigersasing i perpandisular resastance rof thee

per pendi cul ar uri ng. geonetry, wthout bsol ut ectr.ical .

resi stances thgé%g%élrgs Sﬁgdﬁg‘g%ﬁeé’ {'Tna&e?&gg‘ﬁp{/gg@qng e'*pgm%}e an ‘mp%cR(%%?di ng
to the inventi gikasdré) in Ao o@ttﬁlel’ength%@.ﬁﬁ Sofilyedepositi6y pfbckedand the relatively large
magnet o- r esi st ance, .cfevi ce as described in the opening paragraph, i
characterized @uantigs of prscions ametaly whica ibneqepsitatesnky af gtﬂpgpp@nl @8 gheablei th a
plurality of gr@gv&es whi ch are substantially nutually parallel, each groove
conprising a f7 ?q"ace ang~a Second face, all first faces being
substantially planar and nutually parallel, the constituent |ayers of the
mul tilayer structure being provided in a stack upon each said first face in
such a manner as to be parallel thereto, the thickness of the stacks in a
di rectionyger pendi cul ar hg..fi.r . hel L ACH es
physi cal (lz(gnt act with ezngw§ a{nrﬁﬁroé%!lté)?e %ﬁggﬁboﬁgg&g?ﬁgggpg%ggd%eﬁ}&§1§mHPé<
The supstrate devigy kdvixigad muliilayercaacuts whizh-deaioastedisg [pgeemagieto-besistmas

ot herw se be at Ies‘%t partially coated with a | ayer of non-conductjng
material, thuseifFddemihe PETREAgicklnn weaTuriag SePmeRy WHhioyt dba absaiutk gactripdl

substrate, whe Y/ Fiféggt ﬁﬁia 8 t through the stacked
structure is t egg&ggér%fﬁh{l#e \&s% ely qb% e etﬁgg{"(rapbal |y conducting multilayer
structure. A non-conductAcegrding @rthe linveatiber thisyand wtiesptobfectsyare actdewdddiac t o be

an el ectriﬁal I %@i nsul ati ng nmaterial or_a sem conducting terial., .
In such aldevi H@gneioreesiitaghe devieeas desaribed i5sthe operung pHa2mph . Fhampisrised inthatir e

| s measurabl e Y RN e ShfitTatd SFurileli 3 SPRILAP L JIES Whik fbane

of the substrate
substantially mutually parallel, each groove comprising a first face and a second face,

all first faces being substantially planar and mutually parallel, the constituent layers of

the multilayer structure being provided in a stack upon each said first face in such a
20 manner as to be parallel thereto, the thickness of the stacks in a direction perpendicular
to the first faces being such that each stack makes physical contact with each
immediately neighbouring stack.
The substrate is preferably composed of non-conducting material, but can
. otherwise be at least partially coated with a layer of non-conducting material, thus
25 7% preventing an%ow of electrical current through the substrate, whereby any flow of
electrical current through the stacked structure is thus confined solely to the electrically
conducting multilayer structure. A non-conducting material is hereby essentially
understood to be an electrically insulating material or a semiconducting material.
In such a device, the magneto-resistance effect of the multilayer structure
30 is measurable by applying an electrical voltage gradient across the plane of the substrate
in an in-plane direction substantially perpendicular to the grooves, thereby inducing a
measurable flow of electrical current through the multilayer structure across the grooved
surface of the substrate, the current thus flowing from one stack to the next in such a



in an in-plane direction substantially perpendicul ar to the gr ooves,
t héreby i nducing a nmeasurable flow of electrical current through the
mul t'i l.ayer structure across the grooved surface of the substrate, the

current thus flQu m one stack to the next in such a

4  manner that Bﬁgﬂg‘éb?& n the vicinity of t h region of electrical é%ﬂ?algg‘*
bet ween i medi at el dj acent. stacks,. its directi i s, substantiall

por pendi cul ar t B B ereept rihe viggtikobine cHEifn of SeRTCHdRRREL EVEF r al i Ly
of stacks is thismbdisieRs SRlbeRVsddiS, il Bitbchion i€ WokaRlaily 14446 LIRS
the electrical resistances so neasured are conpara 0" those neasured in
t he known magnelayemseficattastack. Becawse ausuratityt dfesthcks éy thius maaased by thegfowef ry .
However, due to the substanti al fpgghpete dicular, current flow jn each s

%
the total magnePtFasi BE ahluigr HRetice) i aREes ) FRRSR) Te COTPRBPE 105
much largers thaed halaWd mhné FobE gﬁﬁét@%@ﬁstﬁﬁk vich fisthg s Palterm?%ﬁﬁﬁ'@

geonetry in the known nmagneto-resi nce devi ce.
i nventi ve nul ti geommtrys tHowetver, efuago tier sibsthotizlydespanidiceldr carretteflpy aveabbcstdoi,

common net hod ch acuum vapo deposition, tter deposition and
| aser abl ati 0?1_ @'gﬁ‘a %Pé?t&gﬁ?ﬁ\t{aé‘%%%fﬁ‘é ‘&@%9@8@"&3@&#@%@ F%‘Pc{t‘fflﬁéé Mﬁﬁ%ﬂed
and oriented W fhbn 163 R & BRhERBORLhE e falerdl rdasiiLEdoterty Al the REowA UX

direction is substantially perpendicular to the first face of “each groove.
To mni m se di smegnetrrasistanbe dédger ed structure of each stack by so-called

shadow ng fects, the ti.l ayer structure i s preferahl royi ded .
vacuum vapour depositi owha G%V%‘BV? @Etﬂwéﬁg}l{e&f@ﬁqe&% rﬁoef%i"ﬁg mg‘\{ provided
col I'i ed depogy tQthioh lm¥fhod h B G‘efp%'ﬁ@ﬁ,i htt&y W&'Bﬁﬁ‘fand)iaséﬁ"e
magnetn(';{ resi st g(?ce deSi ce acgos}l%li 2rllsgVat’c(‘)m?}hveaﬁionvent ilon i% char actleri sed In

that the groovedblation deppsitiomtwherehy tie ghogred sabrtratenisaiiisspasitionedi pad eriented with
wher eby the perpendj cul ar, separ ation.dferr] .of .consecutive.first faces and
t he per pendi cul%ﬂ%gg%’a 5&"8?15%8123’ gpx Ef)ﬂége&?i ng?e@%n fRds Wﬁnﬁﬁ@ in the
range 0.01-10 [merpdndicubir Yo SARAE fk @P\egcH Srob®d, ey mefim@dR! distbi¥nWIdRE fivered to

be a groove consisting of two faces which nutually subtend an internal

angl e |yi nly i n $metureafjeach-stackbydsogradled shadowing effestsaithe multilayer istruethee isange
60- 120 degrees. s of  this geonetrical form and .pi.tch can.be etch
"o the subst rRIPIEPRAF Previce ot vab iR iephiieon i, U o8 s FiraRRrinfatl) S6rm
separations in dndeollififted 8éjdeRorgf flfk. 01-10 [err]m match wel I with commonly
enpl oyed total thicknesses of the nmultilayer structure, bearing in mnd

that such thicknesses nuétprfasentiahembodiyeatefctbe magaetpgpiiganseeaevice irearding to
significantly the jnvention is characterised in that the grooves are substantially V-shaped and

20 immediately adjacent, whereby the perpendicular separation d, of consecutive first faces

and the perpendicular separation d, of consecutive second faces both lie in the range

| 0.01-10 gm. A V;shaped groove is hereby essentially understood to be a groove

consisting of two faces which mutually subtend an internal angle lying in the range 0-

180 degrees, and preferably lying in the range 60-120 degrees. Grooves of this

25 7. geometrical fofm and pitch can be etched into the substrate surface with relative ease,
and perpendicular separations in the cited range of 0.01-10 gm match well with
commonly employed total thicknesses of the multilayer structure, bearing in mind that
such thicknesses must substantially exceed the value d, without significantly
approaching the value 2d, if immediately adjacent stacks are to make good electrical

30 contact with one another, which contact is nevertheless sufficiently limited in spatial
extent to ensure that any electrical current laterally traversing the multilayer structure is
forced to flow through a relatively large portion of each stack in a substantiaily
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approaching the value 2d[err] if inmediately adj-,@c t stacks are to nake

good el ectrical contact with one another, which 4 hel ess

sufficiently limted in spatial extent to ensure t rical

current |ater aj[,mq \t‘{j?gsr sing the multilayer struc to {4 61994
y la

through a relative rge portion of each stack in a substantially

per pendi cul ar dj . g chi |

pressing may_ b% lfj_ésanggdu_ o-%fr%g@ér%eiéaﬁ{e?rgﬁl}b% i d ’eO%vﬁq 1(:i éfhg%ggg\)&e@u% ﬁ&gﬁga{ﬁay bf A
further advantygé ey provideodie nebstranf withgrooveent i ve st acked structureis -~

characterised in that the substrate conprises a monocrystalline material’
sel ected from the group? Bither agxantageousembadimant of thesiaientivg gtackedngiructure is

conmpounds, all AV ) ' , ] res. k se
ot or s’ rmy SErkiesE T 0GR ARANICS mdlREnHaling ekl SpRAkd ok
with Fe sd as the gamip foymed byl eGe,adll MWl seiniivonidycting doneponadsgall V0 M err]
cm whereby this materjal can be classified as non- conductin%: The high
degree of crys¥ERFIIFRCHnE qoEmouBES, GRd MHEWESshergrle Thpsesmalerialy agy, be either

mat erial s all oé!?}p e %nﬁﬁ t | : :
al ong natural q%@y aﬁa %?baeg%ﬁ&\?.é &P &xeﬂg’?‘?ﬁéﬁ??@%’%%ﬁ#‘é‘% FHbfetal
substrates in fekistivityainae rangarlel0nMOacm, Shersby dlie nareyial adrsbe dlagsiftedcazmdae

neatly cl eaved along a_(100) or a (211) crystal plane, wherein rall el
grooves can b%ﬂ%@éu@g‘? hgsh&egrreopfiw%ﬂew BerfReHpR Pt P}%S@Qewrﬁoﬁs?lﬁr% i s

a (111 oy st : | ’ | ' ed
W D KO oo ut AR Slo Shel K ey e, e R anicaY Phl oRgRaNRATY,
exanplg, t he meydtaldplatesci dat ed by Matsuoka et al. in J. Electrochem Soc.
133 (1986), pages 2485-2491. Because the stacks.deposited egch first
face are very narrow (o%a‘it‘ﬁ%lagydéﬁta%g?s SHRES Bh '%f%?&&%}r,e ﬁ‘? 4“8 ﬁqn‘B\gﬁ"t ant
that the firslryaesThdeeReby B3 deltd WREANIDG) o a (1) LAXAI Bihng! WHéiou ©

deposited thereon is not to astically distorted by substrate roughness
per pet uat ed t Ipagakighgrooveshean! beysubsequentlyt étckeddostielk 8 masnenthetieach \firstafacgpisanes

ield thechi i bl f lity, . . I 1. tat ed
her abova am T EYSRl Ras 15 el ors Can be srtstoctriy gandoRied it ROB or
structure wil lsofigof s tSH6r Bromindisy H];BE' %ﬁﬁb@g& %F)P Asin Nk iekMBpE, HRYREHOPT

each stack, except in the vicinity o e region of electrical contact
bet ween i medichicidajedshyj Matsuoks etaalk i J.\iElecteochemnBod. 138 (9851 pages 24BF-2491.

conbi ot (r eopdREt RN Suls ebnSeR an aath, R B ARt PPORNY WP RIS 9 Bl anc
contribution. ooV widih)eitli@{idrtahh BaV HeUsCfacl Bermlelves are very smooth, if the
20 layered structure deposited thereon is not to be drastically distorted by substrate
roughness perpetuated throughout the layers. In this context, exposed crystal planes
yield the highest possible surface quality.
- As already stated hereabove, any lateral flow of electrical current through
the multilayezfstn;cture will be substantially perpendicular to the constituent layers of
25 73 each stack, éXeRpt in the vicinity of the region of electrical contact betweerr immediately
adjacent stacks, where it will be substantially in-plape. The net magneto-resistance
effect of each stack will therefore consist (respectively) of a “perpendicular®
contribution and an “in-plane” contribution. However, the larger the value of d;
compared to d,, the larger will be the portion of each stack in which the electrical

30 current is perpendicular, as compared to that portion thereof in which the electrical
current is in-plane, Setting d;, > d, therefore increases the relative share of the
"perpendicular® contribution in the net magneto-resistance effect of the whole stack, at
the expense of the "in-plane” contribution. Since the "perpendicular” magneto-resistarice



conpared to d2, the Iarﬂgghee he ortion of each stack in which the
electrical current is pe conpared to that portion thereof in
whi ch the el ectrlcal cur mﬁiﬁl ne. Setting d[err] > d[err] therefore
i ncreases thepsgy er pen icular” contribution i phgoset
magneto re5| stance e ect of t he whol e stac at the expense of the

[ pLane" Comld Rkiically 3Ry BEEARA ﬁk“'ﬁr%aﬂéﬁ%ﬁﬁ@zﬂhﬁskéﬁ%ﬁﬁmwd

6 effect. st ant er t

count erpart, a:se;@enmammmpalnng theq)eqmndra:am and: batgrall inegutihg gpmnetaesjl thethey ~
and | ateral measuring, eaéfrles t he net . magnet o-resi stance; effect of”

each stack wi INREHREQ-ES(s o &@‘gbﬁéqkywﬂh Berels beadvantageously increasedp

particul arly advant age
according to the i nvenﬁléﬁl S c ar act J‘%nt?&%ﬂﬁﬁ%&fé@eé@ﬁé@&ﬁesﬁ%h&ﬁewcs
consecut iSvel yaccording toethe anvehiiosis dhagahteytsabndnhat ¢ack stk abhsecutivelyecontfrises a

t hi ck d follo I til t ot t hi ck,

dlerr] dlert i mgp&é{eﬁtwveﬁpw%? el e?afﬁ%@@ # Corfallerrd by fonaiRre: of

I f

aiorr] s 1ol S aapted BERRRNE S fim e ooy R P Rl B bl S 00
of d[err]. B@ppdmmatefthmlam&sakibelmetmbs uﬁdnrstoedjhd:reﬂ!y tiat ;tc doradativelwhargept al | i c
I A, Au, d t f h, | ti
structure,  t Havitec Pl s SRR for HBEt Adenl otidbe BrpDBes of SHBblEmeS
entirelyiy tdgn mgtg.ty &‘oxﬁﬁ@@'décﬁtétﬁﬂlcrﬁ#éi‘& hicCCh AL A, A% A mbifiioht HeredE.

electrical curren be essent I n- pl ane. ce any
magnet o- r esi sinasck aghdltlayer struches,ethe a;eetm:al connpetiyin lptlséen conseratiee stackstihat

magnot o 1 es SOARELCuFRY Y BF Hiah cbndie et Rters JASYEER i fowif it

'per pendi cul ac.rurrenmm bé les&hmy%s;ﬁaes Sthck 'in% hagﬂétssfea tincB RN Afese! 1Byers
addi ti on, because the electrical ~ resistivi t he hi ghly conducti ve

metal lic |ayds eeglglbigngmpenedm yhag dambestratddaby thhanulblayertm ofitach|staglsy theaet

of each ack about C e tota res S ce of

ot ack i Bicedihndt A5 BE et B bt ety BE SpfariBfulany

not havi ng ttv@ntrﬁﬁudn RiseiNsdd GOMEYREING piRighpH. In |aﬁ?li%§ bebhise! tBE Slelfrical
"in-plane"” magneto-resistance contri but i on causes a certain relative

decrease in tRustiityerfahe highly samdnetive meatallic Bagers he:onaderahlwamllng thasdbattafon

el ve doc 55 TR igaf 3 BT A b AL RS SR B O Bl B Bt e

a substant i atackrelieRsrRbpdnihg Eedﬁ@&ini‘ﬂtdbn{p@ﬁk&i *ARQ ﬁrﬁﬁﬁcitadkf n Haling tREK.
The gre advant age of fered by the geonet ry “of the stacked structure as

el uci dat®®d heridHugRY sonductivenpietallic:layersbFhe dose fofi an dinplare ‘omagneto-masistance

oot orent i al ehemig ety d BRedl o Ghrale Moo 8 Pmerdor S Bt B pucine
char act er i sedccomgangingeradittioh A€ khecotad rele%&ﬁ:aﬁfesisﬁﬁeé of each stack causes a far

-

greater relative decrease in the denominator of Formula (1). The end result is thus a

”  substantial increase of the net magneto-resistance effect of each stack.

2578 Fhe great advantage offered by the geometry of the stacked -structure as
elucidated herebefore is complimented by careful choice of the most appropriate
materials for the multilayer structure. In this respect, a preferential embodiment of the
inventive magneto-resistance device is characterised in that each stack comprises at least
one multiplet of metallic layers selected from the group formed by Fe/Cr/Fe,

30 Co/Ag/Co, Co/Cu/Co, MnFe/NiFe/Cu/NiFe, NigFeyCoy/Cu/Nig-Fey-Coy:,

NixFeyCoz/Ag/Nix-Fey.Co,,, NixFeyCoz/Co/Cu/CofNiygFey-Cog:,

NiyFeyCoz/Co/ Ag/Co/Niy,Fey.Coy., and combinations thereof, whereby the individual

values of X, Y, Z, X’, Y’ and Z* all lie in the range O to 1, and X + Y + Z = 1 =



one.multiplet of netalli

e LAYELS selected fromthe group formed by
Fe/ Cr/ Fe, Col Ag/ Co, Col : Fcu/ NiFe, .-
Ni [err]-'Fe[err]@[err]/@%{%ﬁﬂﬁg ;I Co[err] , ‘ '
Ni [err] Fe[ err] daher4.51a/ , Co[ & r] 15.07.199%4

Ni[err]Fe[err]Co[err]/Co/Cu/Co/Ni[err]Fe[err]Co[err] ,

Ni [ err] FeyCol exr 14 &o/ £az:Cahblel @tkiblet] «atl bompeser fwoalagers ofifiermamagnasc tatrmbf
wher eby.the indiy dual values of X Y, Z X . Y. and Z all lieinthe - .
range 0 to 1, whithxfor appropHatelychosen layer thickneéssag and compgsitions, s e - -

mul tiplets each gonprise.t | aver.s g | ' '
appropriately ?Wg?g%"?wg?a\fﬁ’h‘?rb% Saé:go];ss gﬁéﬂ tcgmomﬁg@%ﬁgp&mwlﬁ& Sk
ant i f er r omagnetFalrdniagieli@illystientd dayeraareiesteatigidoe thenmeurrenpeatfi so-caiedaspin-c

| ayer. Such antiferromagnetically-oriented |ayers are essenti sl fo(rﬁ.‘éhe
occurrence of waivemagrato-sesistance,avhich isgrrerRlY OL Siuch greater Rpgniide thag sitherthey

g 2L R b e LR U v

magnet o- r esi st urring rn such a structu

mul tilayer strigd RSP stridty@dh sef couesepcomprise Pphlurality bf swh multiplets, either
mul tiplets, either of "a single type or of mxed, types nd may .al so_be
deposi ted on apfr?eﬁlaglbiwﬁfemnq%iﬂe:" d gy é&p;ggposj&ecfmx A r@%@ﬁﬁl &F’?’
mul til ayer co i td Qn, as_he ' GRultiRyéH Gadsitidn laf hBR ud@itad Is by
Jinbo et al. ﬁg?%pﬁsgfeg‘l\%%lf(?\gﬁ%&@( 1092) . pages L 1348 - L 1350.

The i nventd on dgssel Sn aidre @eatitbyalimboengein Ignt . Bppk Physhekl €092, pagesd WB4d
the aid of enbodi nents and the acconpanyi ng drawi ngs, not all of uniform

scal e, : wher ebyl 1350, Figure 1 depicts a cross-section of part of
a nonconducting substrate suitable for application in a nagneto-resistance
devi ce according to the invention; Figure 2 shows a

cross-section of part of the sanme substrate as rendered in Figure 1, after

provision of one of its_surfaces w rgg%gge‘%%&g%gwg%gu@%g %}/cﬁpt:%e

[ t.h
Figure 3 is a schemati cTHRvERHQ AN IS¢
2, subseqyent 0, HolifRen® afith RYQINpa fingdkdwihgy ot 8l LB Ghiféien Sdags, eupon;

whereby:

1)

Figure 1 depicts a cross-section of part of a non-conducting substrate
suitable for application in a magneto-resistance device according to the invention;
Rigure 2 shows a cross-section of part of the same substrate as rendered
20 in Figure 1, after provision of one of its surfaces with grooves according to the
invention;
Figure 3 is a schematic depiction of the grooved substrate shown in
- Figure 2, subsequent to deposition of an inventive multilayer structure thereixpon;
_ Pig;n-e 4 is an outline rendition of Figure 3, schematically depicting the
25 7%, path of an e@ﬁical current induced by an electrical voltage gradient applied across the
Plane of the substrate;
Figure 5 depicts a cross-section of part of a stacked structure according to
the invention;
Figure 6 renders a partial perspective view of the stacked structure
30 depicted in Figure 5;
Figure 7 shows a cross-section of part of an unusually grooved substrate;
Figure 8 is a schematic depiction of the grooved substrate shown in

Figure 7, subsequent to deposition of an inventive multilayer structure thereupon;




Figure4 I's an outline rendltlon of F| ure 3, schenatiéally depicting the
path of an electrical cu ‘ Replgeedan el ectri cal voI t age gradi ent
appl i ed across the pl ane 1 : e; : :Figure 5 depicts
a Cross- sectlon 7%; M HAIEG uctur,e according fo the inveptio
Figure 6 r endert Igg I al perspectlve Vi ew <§f t he stacked structurg9 &&94
depicted in Figure 5; shows a crogss-section of part

of an unusual | y grooved- gm?égt@mancalﬂr deptctsamagp% CPUPLSIEE AL
depi ction of H}sslmvcﬂe%ﬁqk%fé oS WRinné thvehgut;e 7. subsequent-to .-
deposition of an 1 nventive nu ayer structure thereupon ’
8 Fi gur Biglres b esmdletis cadrbss-seetional siew ofegunest « stheled structure
conprising a magneto- resjstance device in accordance with the invention;
Figure 10 rend@Ferding igdle W¥eAti9%nal view of part of a stacked structure
according o the inventi P@ure 1L shows the sub}ect%'f%glﬁ'e ia, n&p%&eisﬂ%lysb'ﬁhﬁéiéd of
Fi gure 10, now successively bl anketed a layer of Au and tHi nned

phot oresi st;  with a layer of Au ﬁdghmeedlﬁhcd@pmsﬂ;s t he subject of Figure 11,

after its subjection to e in rout'ne Enbodi

Figures 1-4 render a croggu?é%fg sé‘\b) o6k of Bigpe @‘ﬁagebﬁ?f‘i‘béﬁnﬁp to an
embodi ment of RchirRCREnSt ructure for use in a magneto-resistance device
according to the invention. ldentical parts occurring in different Figures
are consi stently denoted by the same reference nunerals.

Figure 1 nderﬁ ga Ecro%'sl-sect lonal view of an InP single crystal 1 which
has been eav 1 expose a (100) crystal plane 3.

Figures 1-4 render a cross-sectional view of parts of a particular
embodiment of a stacked structure for use in a magneto-resistance device according to
the invention. Identical parts occurring in different Figures are consistently denoted by

15 the same reference numerals.

Figure 1 renders a cross-sectional view of an InP single crystal 1 which
has been cleaved so as to expose a (100) crystal plane 3.

In Figure 2, immediately adjacent V-shaped grooves 5 have been etched
into the surface 3, each groove coHsisting of a first face 7 and a second face 9, both of

20 which are planar, The etching is so conducted that each first face 7 is a (111) crystal

plane, thus guaranteeing mutual parallelism of all first faces 7. Each second face 9 is

. also a (111) crystal plane. _

In Figure 3, the grooved substrate 1 has been furnished with a multilayer
structure 11 x__»f:hich comprises stacks 13 deposited on each first face 7. The stacks 13

25 ». have been th-'t?s‘deposited that their constituent layers are parallel to the first faces 7.
Furthermore, the thickness t of each stack 13 is greater than the perpendicular
separation d; of consecutive first faces 7, so that each stack 13 has regions 15 of direct
contact with each immediately neighbouring stack. The width of each stack 13 is equal
to the perpendicular separation d, of consecutive second faces 9.

30 ' Figure 4 is a schematic outline of Figure 3, whereby a voltage gradient V
is applied in the indicated direction across the plane of the substrate 1. Since the
material of the stacks 13 is electrically conducting, and since neighbouring stacks 13 are
in mutual electrical contact via the regions 15, an electrical current 17 will be induced



pdi at el y ‘mdjSaecinds BeénRbglwed] gr ooves 5 have been etched into
ach groove a first face 7 and a 'second face
keh are pl anam is so conducted that each first
IN 44588 al , guar anfeei ng nutual parall el i $M03f1994

all fi 7. Each second face 9 is also a (111) crystal plane.

In Fig be thegr multilagesstheturetlé. Thisadechdoah climemilFheill follotw the sehetatieatbyr
struct | eh-conprizses. stacks 13 deposited. on.each first face 7. The.
ot acks & Biged DRDO! TBHRN T echiiel FEPES i SipSemiaLl rseaiglar 1o U
par al | g : Wc : stack
i3 is o phtbiEhe RBES O Captl Hiok PLIRES ih B Gchireamabt SeioRER. o Pl st
faces & .each stack 13 has regions 15 of direct contact with each

i mredi 45 hbouring stack. The wi dth of each stack 13 is equal to the
per pen eparation d2 of consecutive second faces 9.

ﬁﬁﬁ&%&xﬁzoml I ne of Figure 3, whereby a voltage gradient V
2{he 1ndlcated direction across the plane of the substrate 1.
Al of the stacks 13 is electrically conducting, and since

nei ghb ---cks 13 are™n._nmu | ectrical cqntact via the regions .15,
anl g| Y- Urrent 13{‘5\?1?’? 5@@& gcé& pmﬁcu?u embodinient of a stacked stauctura for
9 in t4

ubeaphes mﬁér{ét@-}éa.fsgag%% d%\];ﬁsg §cc_81‘o‘?xr9g % ﬁ@'infeﬂgfrﬁ %eﬂ@caﬂ‘%ir& g&{nlrﬂlg

the sc al | %/ depi ct ed m ni num el ectrical resistance, bein
subst a . (rebqik Fidgured are indicatexk by tlensaimiet iefanence anpenesalof each stack 13,
except | ectrical..contact reqions 15. . Enbodi nent. 2 .

Fi gur eg 6 depi ct FigHp ilé_l'j"lsﬁ‘lgg?ﬂ?o(ﬁ_f’ eyretiqnal Xl‘e_g’t%cl?@éﬁ‘)fs‘i Pﬂé‘[’“}?’f'e f or
use Ini €bRbsdimett GFCRackRY IsG8ctBRCP hcloRdIng f HRSnVeRUBA! A QlbstiaHE A Hak Bken
parts ' In both Figures are indicated by the sane reference

.. Turnished with irmingdiatelysadjacent stotightel-shaped geuoves catlp gedove iconsisting
vent g s ook TP P L on® e 6 DR CR e e ol G ot
straig first 2606\ SubsRABI1IRRY Sh4nOME ipeipeRdicular separation d, of consecutive
- second faces 8. A multilayer structure 10 has also been provided, and comprises stacks
12 deposited on each first face 6. Each stack 12 consecutively comprises a first Cu
layer 14 of thickness d., followed by a multilayer 16 of total thickness d,-dc., followed
in turn by a second Cu layer 18 ofapproximate thickness d». The two leftmost stacks
12 in the Figure are shown in outline form, so as to allow clear schematic depiction of
the path followed by an electrical current 20 induced by an electrical voltage gradient U
applied in the indicated direction across the plane of the substrate 4. This electrical
current 20 is substantially perpendicular to the constituent layers of each multilayer 16,

2 but is substantially in-plane in each Cu layer 14, 18 and each electrical contact region
25.%. 2. 33 —_

Figure 6 is a partial schematic perspective view of the stacked structure
Cross-sectionally depicted in Figure 5.

"~ Embodiment 3

Figures 7 and 8 render a schematic cross-sectional view of parts of a
Particular embodiment of a stacked structure which can be used in a magneto-resistance




of .a f| rst face 6 and a ’?EQ&@QHL?&Q The perpendicul ar separatior d[err]
of consecutive first fac lally larger than the

per pendi cul ar separati on E ve second faces 8. A multilayer
structure 10 h@ﬁ%ia conjpgri ses stacks 12 deposjq
each first face @ﬁ stack 12 consecutlvely conprises a first Cu nger

14 of 't hicknes Iy

dierr]-d[err], ée'r"ﬂ%e{c{:grg“;g% ur n E%org I(si'EeH(L:&ondl!’ %q{ag%@rp%g}eg%%a%%@oxrﬂg?éu i
thi ckness dc. sahe fefeedcefdumessls.st acks 12 in thé Figure are shown:in -
outline form so as to allow_ clear schematic depiction of the path

foll owed by an el ectri c&H8WS 7 igAtschematicqispiction pf aart of asubsteig 3Q/B‘Ihi°é)9‘@n be

gradient U a C

Jubst rat e 4. e 8 el RELEALE R RCbidH) BERETR M, MBENH shiffe of,
t he const % uenthe Isalystrate $ﬁ hasclgden pubtidedawith alfuralityusf greoves mt Eath gidoye 32

I n-plane in each Cu Ia 14, 18 and eac% el ectrical contact, regi

22.
Figure 6 is a (Pasistsaf é‘l‘f"&’?ﬂ being. 4 plasar figst fgecld, droopyrx sependiege §gp%ﬂfit‘hre
Cross-section reg@ﬁ; X s LT It Ces 34 bené%mﬂﬂhﬁgxtallgl b{ez%hbounn% grooves 32

Figures 7 and I'C Cross-s ional *view o
parti cul ar entmdlmmmllycn‘epﬁatetidxykfadets #o Uit are stilh subistantiailybnmediatelyradiacent,
magnet o- r esi st anc. . 10

devi ce accor di WiFetthe Hdthiof shs, facets 40 i aheyt ag order, ofmagnityde sgieg hassdiar e
denoted by the same refg)e086s Q‘&Eﬁ‘erbn?itﬁ deglcuon \%the grooved ubitfge 30| :slr?]o‘t?rhgn

schematic depiction of part of a substrat ch” can be used
magnet o- r esi stEigure Ijesubsaqumamlddpoxgxdnmﬁmmummwﬁrmmwvﬁeuheﬂnypm Sthef ace of
the substrate 3 as bee V|ded wi th. a

i of 32 h
groove 32 corBiijayeriry f“QEE’é" e Rcks 4 ‘ﬁﬁ%ﬁ&%’&@@?@%?@%&%%x
second face 3&rsefidesq, W thd Hcgwf@%e %gt ﬁérgexfdhélﬁr th 3 first facBe! B@gthe

mutual |y parallel. Nei ghbouring grooves mutual [y separated by
facets 40, butPregess of dégosision of d mltﬂyyelrmm@umt@ om mm substiate: 30t he

W dth of e TaRELEY B k53RO waF oRlsteheed ol AR K F i oke 1
perpendicular to the first faces 34, will have caused a certain amount of material to be
deposited on the facets 40 also. As a result, the layered geometry at the edges of each
stack 44 will be slightly distorted (not depicted in the Figure). Such distortion does not
prevent the formation of electrical contact regions 46 between immediately neighbouring

20 stacks 44,
" Embodiment 4 )
257 "%Figure 9 is a schematic perspective view of a magnetic head-52

comprising an inventive magneto-resistance device 54 with electrical connections 56.
The head 52 further comprises a substrate 58, which is comprised of a magnetic
material (such as a ferrite) or of a non-magnetic material on which a layer of magnetic
material (such as NiFe) is deposited. The head 52 additionally comprises flux guides 60,
62, which are positioned relative to the device 54 and the substrate 58 so as to form a
magnetic circuit, The end faces 64, 66 form part of the pole face of the magnetic head
32, the magnetic gap 68 being located between said faces 64, 66.

30



Figure 8 is a schematic H@uhét HRBeafRefed gr ooved subst'rate 30 shown in
Figure 7, subsequent to d | 1 mul tilayer structure 42 thereupon.
The miltilayer structuremﬁﬂgwﬂm Eﬂstaoks 44 whose constituent |ayers
are parall el t?ﬂﬁh sfqrs : causgithe facets 40 are not 154971994
per pendi cul ar to tﬁ‘esfal rst faces 34, the process of deposition of thae 19
mul tilayer structure 42 ) r ?gylsgsr r te
30 was thus canted that";_fgg{aglg%%s@tgdg?@’? ux beﬁ%\%gﬁm Wac§§l~>,’ erpeﬁ |§J,.ar
to the first ffaces64346 iwidldse pamemitgubareton theemagrcticallyestored afformmdtaonionl thao -be
deposited on the, facets 40 also. As a result, the |l ayered geonetry at. the
cdges of each MEHHBMILEFTAC bIANINEHREIFIAITidR (iR AN BT SALAT BAETeHC cHEu,
Figure). Such gish 419! fedRARVER the MBareR-FRAtaAL: vic) 6 tTeCRYi
contact regi onshﬁéﬁ%i?%beﬁ&?%m I at e{ly gei gh@o rei nig@{sisat ac §144$£ Triebice
Enbodi ment5 4 54 transcribes this varfingoragn@id Suxainte blectsitalcregistamgeatiatiansy inchichofana

magneti ¢ head 52 conpr.i Si n_i.nyentive nmagnet o-resi stance device 54 with
el ectrical comfc®f? ‘Q%M@“ﬂ%&oﬁ@cﬁaﬁ r conprises a substrate 58,

whi ch s comprised of aTHBGEhid KEAl Fdy?hisd EoHidinah efechRal bdit)wilEh ehn e

non- magneti c material on wf a layer "of magnetic material "(such as N Fe)

i s deposited. ¢hployadad tb@ rexdriiing ofmbgneticdnformatéon 61 magnpticdesdi®f0. 62, which
are positioned relative to the device 54 and the substrate 58 so as to form
a magnetic circuit. The end faces 64, 66 formpart of the pole face of the

magnet i c fftead Emdbodifentgneti c gap 68 being | ocated between said faces 64,
66.

11
If a magnetic medium such as a nmagnetic tape or disc, passes before the

faces 64, 66 in close proximn hereto, the netically-stored.
information on that nme }gﬂFﬁSV\ﬁ!ﬁ &gﬂgr%{:x@sgsqyggx%l NFHE PI%TSI %foaf PILRCHIRT ¢ he
above- ment i oneshbodpieit 0F a Gtackad $tructodb if6hudBBAREhAghetd-t¥istaficedidiicel REorddigoiagh
t he magnet o-resi stance device 54. The device 54 transcribes this varying

magnetic flux e inyeatian Gorrespondingi partsria dhey various iFigires avkidenoted by identieglasur ed

via the qlsectr'{:;e;:“{1 ngctions 56. The magnetic head may
al so contain arkh e é’%g&f’@al coil, which can be

The stacked structure of Figure 10 is similar to that of Figure 3, except
that the individual layers of the stacks 1013 are somewhat curved, e.g. as a result of
surface tension effects. As a result, the extent of the mutual electrical contact in the
regions 1015 between neighbouring stacks 1013 may be considerably smaller than that

20 in the regions 15 in Figure 3, so that the quality of the electrical connection between

neighbouring stacks in the present case may be unsatisfactory. Such a potential problem

can be alleviated using, for example, the technique hereinafter discussed and further

~  illustrated in Figures 11 and 12. )

- In I;igure 11, the stacks 1013 have been blanketed with an essentially

57 uniform laye??fml of Au, e.g. by evaporation or sputtering in the direction A, or by
means of an electroplating procedure. This Au layer 1021 is subsequently spin-coated
with a layer 1023 of thinned HPR photoresist. By virtue of the very nature of the spin-
coating procedure, in combination with the stepped geometry of the stacked structure,
the thickness of the layer 1023 is much smaller at the *peaks” 1025 than in the

30 “valleys" 1027,

The layer 1023 is subsequently thinned, using an appropriate reactive ion
etching procedure, so that portions of the underlying Au layer 1021 are exposed at the
Peaks 1025. The stacked structure is then treated with a Au-etching solution, such as



enployed in the recording of magnetic informati on on nmagnetic nedi a.

Enbodi nent 5 Figures 10-12 render a cross-sectional view
of parts of a particular enbodinment of a stacked:structure for use in a
magnet o- r esi stagﬁ&- g@g47§e according to the ipvention. Correspondi ng;pahti8gs
in the various Fgures are denoted by identical reference |abels

The st acked str i

t hat the indivi gcﬁkﬁ&ﬁela{?ﬁ %?5%&8¥tt lﬁ%ﬁgugrggf g‘gstn%v\}tﬁmg P g‘?ﬁe@‘é‘% wi‘fl?‘r%ﬁﬁf &
a result of Sutkaemaindersoosmaf AaC'lfﬁlersAlea9 ibesuelet neighhomﬁgaﬁckmflﬂlhexsrdepw
el ectrical contact in the regions q;LOlSH,between nei hbour| n]_?;t acks 1013 may
be consi der abl yiskignesk2 t%rpwaeeo Hefse’gﬁ‘ilﬂfﬂ?éeslt e PRIty gleetical copdact hat
the quality of t I tion between nei ghbouring stacks in
the present casé&ﬁ'ﬁél gl% st%ﬁggtﬁsg%agﬁry Such a potential problem can be

al l evi ated 31si ng, for exaigelless toheay awhri proeedues forrtaé pmvm%rsoﬂsqaptkmdry
further illustrated in Figures 11 and 12. X Ln Figure 11, the
stacks 1013 hav%orﬂé%veomeﬁﬁﬁlﬂ%ra bm“feﬁnf;j*w Redghbouriag stpckof the r‘n‘?“[eﬁ%? stagked of
Au, e.g. by evapgraltl@ " i i +J 4R n
el ectropl ating pr ocegu?‘e%oﬁh%?%i&éq g&gedr’é] %@%isu s%&ﬁéﬁ ye@& n-cgggﬁe% 3
with a | ayer 102andB8.thi nned HPR photoresist. By virtue of the very nature
of the spin- coating procedure, in conbination with the stepped geonetry of
the stacked structure, the thickness of the layer 1023 is much smaller at
the "peaks" 1025 than in the "valleys" 1027. The | ayer 1023
i's subsequently thinned, using an appropriate reactive ion—et€hing
procedure, so that portions of the underlying Au |ayer ]@21 are exposed at
t he peaks 1025. The stacked structure is then treated

™




aqu_eoUs KCN. Appr opr i- ately-tinmed interruption of thi I n rocedure
will result in the remainder of small Au "fillers" H iﬁﬂ H ”Jm
nei ghbouri ng stacks 1013, as depicted in Figure 12. such

fillers irrprovesﬁﬁe el ectrical contact;sbetween the stac S, 7 1994
desi red. 1‘{Tﬁzedl ess to say, such algrocedure for the provi S|gn %

of supplemantaryC ctive netal fillers between the nelghbourlng st acks
of the inventive éd structure can al so be endmksmxﬁggB Ew -
"strai ght-|ayered“ struct uf &s depicted in Flgures laced -
13 CLAI VE5: 1. A magnet o- re5|sta rlsing a’
stacked structure, said stacked structure conpr|S| having a
surface on which a nultilayer structure is provided, characterlsed i n that
the surface is furnished with a plurality of grooves which are
substantially nutually parallel, each groove conprising a first face and a
second face, all first faces belng substanti al |l y planar and nut ual

paral l el , the cohstituent A MIERGII-TENsANGE dsvice CPMPEYng f stackesd W@Fﬁgﬂd stacked

i ded i t
baral ol ther et ot HimbGle 33 brald Rhvin2ESuieite el JRARRYCAEnlcull; |
to the first facpevided chasacednisedart thantie stfackisnfakdshepwith « pluralitpiofigtoowes Which

each i mredi at el y nei ghbou st ack esi st ance
devi ce accor di ngaIPéu% “ﬁ{l “%’(9‘?& }ef’s%’ﬁhlgﬁo"t"ﬁé’f’mpflﬁég é)‘é?/ anda second

bstanti al | |
separation dlerr? ﬁ"ﬁ%l%ﬁ%éh??%@é?‘?fﬁ?éu?‘? BkA an%\‘d”ﬁé‘“%%en , B @Rk o

separation d[ erlayembf tenmeltildyey etmmmerhd:Mgapmmdbd)ﬁma Istack mport h&:hrsanigﬁrst face in

0.01-10 [err]m resi st C ccordj.n
Gaim or o oruEhaEEEas e PG G PIAKGC Sghe SadS gh & difttion

monocrystal | i ne Hkﬁlar?@ltt%cﬁﬁg E&E?F?xh%%u&r (el ed EH SR mak¥s ngl&oy nttzﬁ:? with

I'1-VI sem conduc g conpounds sem conducting co and
m xtures ther eofeach immediately neighbouring stack.

10 2. A magneto-resistance device according to Claim 1, characterised in that
the grooves are substantially V-shaped and immediately adjacent, whereby the
perpendicular separation d, of consecutive first faces and the perpendicular separation
d, of consecutive second faces both lie in the range 0.01-10 um.

3. A magneto-resistanice device according to Claim 1 or 2, characterised in

15  that the substrate comprises a monocrystalline material selected from the group formed
by Si, Ge, the II-VI semiconducting compounds, the II-V semiconducting compounds,
and mixtures thereof.

-4 A magneto-resistance device according to Claim 3, characterised in that

the substrate i§ an InP or Si single crystal in which the grooves are etched into a (100)

207, or 211) crysﬁ% plane in such a manner that each first face is a (111) crystal plane.

3. A magneto-resistance device according to any of the Claims 2 to 4,
characterised in that d; > d,.
6. A magneto-resistance device according to any of the Claims 2 to 5,

Characterised in that each stack consecutively comprises a first highly conductive
5 metallic layer of thickness d- < d;, followed by a multilayer of total thickness d;-dc,
followed in turn by a second highly conductive metallic layer of approximate thickness

dc.



4. A magnet o-resi stance devi ce according tmm Ilmmlm ll”?““l
characterised in that the substrate is an InP or Si E U’I n
whi th the grooves are etched into a (100) or (211) ctystalt plfant i*n such a

manner that each f{] eis a (111) crystal {4,plane. 5. 7 1994
magnet o- r esi stancé@:{ﬁ'éﬁcaccor ding to any of tlﬁe Clains 2 to 4, A5.07.199

haractei sed in that d > dlerr]. 6, . . . S LS
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therangeO l,and X + ¥ + 7 irazTol
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substrate havi ng a surface on which a multilayer structur i s, provided,

characterised i n Bleity efogroavesawkich arer subspatially mptualy, paspllsls FachyBIBPVEFQRFIsNE 2
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face and a second face, aces elng substanti a pl anar and

nut ual Iy paral | el parille, therehdtinentlayenystrthe afultilinger strhétutenlysng srmdﬁduna staskripon
provi ded in stack up each said first face in such nner. as.to be '
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makes physical coghact Whdl SAE Radl HEALA ¥adUnBEE With $hAF immediately adjacent stack.
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