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“Magnet o-resi stive device, and magnetic head conprising such a device" The

i nventi OI’};Le| ates to a magneto-resistive device conprising a magnetic

nul ti*l'ayef “structure. The invention also relates to a method of

manuf act ur TMagnate-Fesistive davice, and-magneti¢ head pomprising such a device” The

I nvention further relates to a nmagnetic ‘head incorporating such a device.

Magnet o-resi stance i s that phenomenon whereby the el ectrical resistance

nmeasured al ong a given path within an appropriate material is found to be

i nfluenced by the presence of a magnetic field intersecting the material.

The phenonmenon can thus be exploited 10 to transcribe probed nagnetlc

field fluctuations into accurately nmeasurable resistance variations within

the material, thereby lending itself to application in fine magnetic field

sensors and magnetlc heZhe inventon relafes10 3 magneto-tesistivecdayicgccomprising a magnetic

transferri n to and froma magnetic recording medium such as a
magneti c tﬁﬁ@gy(??é@%tl’“%(:ard The magni tude of the nmagneto-resistance effect

?I ongI a g:v\éen l[oat h] i n - aTh® inveatién &lsb 2E1ak8 te aimethedof Ranafbturiag stoh & tagneto-
or mul a: = [err
(1) in whiresisfiva devieas t he el ectrical resistance measured al ong the said

path insthe absence of gy, ﬁﬁb&ﬁfﬂlﬁk‘i‘elaé@%k%ﬁéehéh&ﬂ?@@&‘iﬁi&n&%}mha

resi stance measur ed along sence of a-varl
magneti c fdevick. The value of MR is usual |y expressed as a percentage, 20

and is preferably as large as QSSIb|e s to |eI X1 mu att |nable
sensi ti vi ty in sensor ab%gp B%“%Hgaéd’?'? ?‘gﬁkﬁh

t
Magnet o- I Gy %h 3% %ﬁﬁﬁgﬁ?tﬂﬁrﬁﬁﬁ? ‘i‘-ﬁ% %‘f&drﬂ%% 1hﬁuéﬂ%b&% tl?é

St at es Patent US 5, yer structure 1s dispoSe
upon a pl apresence of agouaghetic |ﬁe!;i intassecting ¢he matgriab ithe phepomenan cant thiy be eaplmseﬂ |

LB By BEBE8 Seped ) BleB Sig Mefrfy fslolddctfd ™
' variations within the material, thereby lendifig itself to application in fine magnetic field
sensors and magnetic heads. Such magnetic heads can be used for ttansferring information to
and from a magnetic recording medium, such as a magnetic tape, disc or card. _
" The magnitude of the magneto—resxstance effect along a ngen pathina
15 partxcular material can be defined by the formula: '

(Ro - Rp)

R; (1)

MR =
in which Ry is the electrical resistance measured along the said path in the absence of a
magnetic field, and Ry, is the electrical resistance measured along the same path in the
. presence of a variable magnetic field. The value of MR is usually expressed as a percentage,
20 andis prefefably as large as possible so as to yield maximum attainable sensitivity in sensor

applications such as those mentioned above.

A magneto-resnstwe dev:ce as hereabove described is elucidated in United

25 States Patent US 5,134,533, in whxch the multilayer structure is disposed upon a planar non-
conducting substrate, and compnses altemately-stacked thin layers of ferromagneuc material
(preferably Fe, Co or Ni) and thin layers of non-magnetic material (preferably Cr, Vor Tl),
i '
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PCT/ | B95/ O3 9426847 he forner being antiferronmagnetically cougqupigédiss t he
| atter and having an in-plane easy axis of magnetisation, the total ’ ’

. . . 4
t hi ckness of the nultilayer structure thuspforned being of the order of a *
m cron. The electrical resistance of a multilayer structure of this type

can be nmegaUopfledbeinp RhiiferbniighB@MySloapiel! &crbss tRé 1REF afd RdliARlanl iﬂgﬂhﬁ easy
pl ane of the substrate; 5 thereby inducing a neasurable lateral flow of
el ect ri ca#xis of magnetisation sthetfotalrthickness of ther myltilayes strudtyre thus Jormed being of the

ol cct i coprafRof QR Bleledel reliahE be K rilab e ol fn opd Gan e
Cur r ent - | meiuaexk by @pplyinges knowy elethical voitaiapadienainite plinsofthesubstthte,i n

both tpe absence and presence, of an external nmagnetic field, can be

enpl oygd ¥ ipdycing tmcélsn@g}%hmeﬂw (Of electrieal curreptactgssithe mayltilayer (1)

above. Ty@hicalre fleli@Bio Rk Vol ; i '

t he known rrul-trie1 g{yer gﬁfuﬁﬁgarle are %@%%?ﬁﬁ%&}g&%%&??@?nﬁ?ﬁw
measur i ngthgeleottica} resistance. Sach aGhéasutog gegmetry riy ctferred 4o ps theaCurrentelin-Blane

mul 1 oy otCEY sePrd: T Biee R T CimessigpdrindRi e 4Hince sHECHEsaRg op an
i s al so peitanalimghéic A€ld] ear be eplsyed to ‘éﬁicﬁlﬂt@gﬂe%ﬁgﬁb?&?esﬁme%fﬁ& bdind .

for a_given rrultlgayer structure, this so-call ec . .

cur r ed? - FEersai(Duakave; dypicahvalpesof) thg apagnetaresistance effaet thys atiaingd with) the

si gni fi cagidwn Rugdis er@ﬂf&ﬁfr@'aféaﬁf HePO1aEr 8?'1?%5 t han those obtai ned using
the CI P procedure, Dy as nuch as a factor of "five. In the case of the known
devi ce, however, an i niar aidrmativeameasatiag geofnetryaoihe €38 QiPoeetiniquecinvphvesd

to the CIP geopetry is, that, ahsol ute electrical resistances neasured_.in the
formor ¢ ARPIGRION B2 Plecirical, voliage gradient prrpenbicular o, the constitient layers, of e

case. Them@ligyeristrabiur& Sthefedp Ghduting H NoW bt & Slrréift whih isaldo Pérpeadicular

direction is rendered by the'fornmula: R = L

(2) 15 to the layers. Calculations have suggested that, t%r a given multilayer structure, this so-called
Current-Perpendicular-to-Plane (CPP) geometry will advantageously yield signiﬁcanﬁy higher
magneto-resistance values than those obtained using the CIP procedure, by as much as a
factor of five.

In the case of the known device, however, an inherent disadvantage of the
20 CPP geometry compared to the CIP geometry is that absolute electrical resistances measured

in the former case will be drastically lower than those measured in the latter case. The
electrical resistance of the multilayer structure ina given direction is rendered by the

formula:

R=p@) - @

25 in which p and L are the average electrical resistivity and length of the multilayer structure
in the said direction, respectively, and S is the cross-sectional area of the multilayer structure
perpendicular to the said direction. Considering a representative known multilayer structure
deposited on a 2 X 2 mm? substrate and having a thickness of 1 um, it is seen that:

- For the CIP geometry, L = 2 mmand S = 1 gm X 2 mm, so that (L/S) = 10° m'};

30 - For the CPP geometry, L = 1 umand S = 2 mm X 2 mm, so that (L/S) 20.25 m!.

In this case, therefore, CPP resistance values will be about a million times smaller than CIP
values. Such drastically reduced resistance R will result in a significantly increased electrical
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S 25 in.-whigodsed L are the average el ectrical resistivity porasdswogisn of
the nulti|ayer .structure in the said direction, respectively, and Sis the
cross-seckional area of the nultilayer strB8cture perpendicular to the said
direction. Considering a representative known nultilayer structure

deposi t ed wwer consuniptionar P sifcedBt= M%¥Raind given vltaget\ii ckness of 1 [err]m it

Is seen that: - - For the CIP . geometry, L=2 mm and =1 [err] .x.2 mm Sso
that (L/Sy = [err] 30 Awﬁﬁﬂﬁ@%&asmwwwﬁﬂeméfh%\m@%%x 2

nm so th 17 A2 Rnidss lof] | G . )
val ues w Ialfe._r%é‘e{da 3?39" %ﬁlrln Ic.,lrfc?glé ﬁ%gﬁ;&g@%;& tnﬁgﬁé%l P bﬁﬁes. igucﬁﬂﬁig s
drast i cal |Iateral dlimensionss itherelrycsimBltandouslydncreasing the perpendicutanresistancecofethe ed

| ectrigal ~ WO 95/ 26547, . . . . . . . .
PO | 9% (BSIRYSE REYGRRE, Fois, Aopexsr. is au excemely ingfGciept. sxpepsiye A igprectigabls,
A trivial medsuid, 3R vidw bhttie leRgth§ aAd ¢Osthy @dpositioh processes Al thé feldth@belat
per pendi cul ar thickness of the nmultilayer structure to macroscopic_val ues

appr oachi ritjiantiies of @regious) mefals wihich it mecessifates; dtistaflitdeiappeal aca iablesplytin.
perpendi cul ar resi st anc?\p%temﬁvé sglﬁﬂbﬁ'él&éé&éaxg@h{c gﬁ:gérs% a@ﬁ# gz, az‘?ﬁ%lig.v l%#vs

an extrenely inefficien expensrve and T npr | In Vi

the | engt HyetarZ0 (1993), ppB334a33346 and xppt eBhyss Land 68 [(£9933) py 1YBI1¥3) thigves a
' h it necessitates. It is of little

guantitjes qQf (precious) t al s, whi ,

“appeal 18s rsgm%&f the ﬂq}@@g&mmﬁw&s pg theamplpiayes structure, by employingetpesial etch-
0l . ! ) - ad -

Aopl - Py SElhe Yeelfiques The YSulip pyilyer siibbaark 33 fprl 102l 2T, Yibe is

| at er al dilateralidimensidnstdre roughly lofi her samter orderi of magnitude! as\itsrperpendiculdr thickihess

tructuri >Ani . h | ti til , t t, ' fer
o' a v pi | 1ph et BE R erdptEot £ Bicrgnlydngieb cesiltie By siepificanty Dfrasef GBP
of magni't ud&-tAcal irbsistiifed PEMa1i e toronivBRIMAE FriultiBpEr straliunés. Af dishdvaRtage of Shcha

m cron), ther-ebg resulting in-very- significantly increased CPP el ectrical

resi st &hcepillars) Bowensr; is thatnthe special structuring| teshaiques emplayed $n theirimgaufacturesgre

of such both expensive and time-consuming, especially when particularly large (L/S)-ratios are.
desired.

20 1t is an object of the invention to provide a practical magneto-resistance
' devi;_:e having a multilayer structure which demonstrates a large magneto-resistance effect for
the CPP gedmetry, without the absolute electrical resistances thus measured being |
undesirably small. It is a further object of the invention that such a device should be
| relatively easy and ineipensive to manufacture. |

25 According to the invention, this and other objects are achieved in a
magneto-resistance device comprising a magnetic multilayer structure, characterised in that
the tﬁultilayer structure is deposited 'within a connective passage running between and

_ emérging into two opposed surfaces S, and S, of a film, successive constituent layers of the
multilayer structure being located at increasing distance from one of these surfaces.

30 The term "connective p_aSSage" as here employed is intended to denote
such features as narrow penétra_tive holes, tunnels, pores, etc. Passages of this type may be
naturally present in the film or may be artiﬁcially enlarged or created therein by physical,
chemical or chemo-physical means, such as lithography, chemical or physical etching,
abla_tio,n.,' radiative bombardment, particle bombardme_nt, mechanical replication processes
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15 pil keps ver, is that the special structuring technigues *enployed
In their nmanutracture are both expensive and tine-consum H’é’? %ﬁﬂ@&?‘al Ty .when
particularly large (L/S)-ratios are desired. 20 Lkt issan
object of the invention to provide a pftactical nagneto-resistance device

having a nultil ayer structure why ch deponstrates | ar ge nmagnet o-r esi st ance
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manuf sttaight, narhat they are substantially pexpendiclargforthe surfaces of the said filhi In and

ot her qgbjects chi.eved i a,. net o-resi st ance. devi c onprd .sing a
e (TR pabieet L 2 B o sBFERP b 388, A S Dy arbiegiiim gt ©

st riictinventive inkigtns heredftay dikdussed. connect i ve passage running between and
energing into two ogyp_o,sed surfaces [err] and S2 . of a film successive
constituent |ayers BY disnasing suqcrssive constityent jayers of the myktiayes structurecateasi ng

" connai P aRReE ol GAFoLie il S 5oy it i comured thatan cleffal e, |
as narraversimgthermultilayeh stnectyretfromesay, Spado 8s wilitbe. foredtedlow irf a directiany pe nay
be natuyal | resent..ip the filmor may be artifjcially enlarged. or at ed
¢ her oisHPRERHaY gegpsdiculze 19 Eagh Y Eonshibienn fayFe. I this ey, explonatioh 9 SR Oy
chgm cg%mg{rqug&g@hﬂ cp Beomé@h})ak efifbred,adi ati ve bonbardment, particle _
bombardnent’ mechani cal replication processes . WD 95/26547 .

PCT/ 1 B95/ 00124 4 4 Thamatesial frosswhich)the il is mx:é's"edsiy,prefembbua@éor be a

lural jty. _ ent, i n.the film It is. npt necessary. that
P ueh” et oottt SIBE e HEARER shBuaupr of, seficconnibr. RhermERET dphe e ¢
nor t lease 6@y eletwicaNyp somiutive fijm penarindihelin@inal Quifie Sfithé passagPand he said

film In principle, passages _in the form of _SE)H ts and cracks are al so
sui t edeleyant portions:af Jhe syrfaces S, and S, should be thinly coated with an electrically

15 - insulating substance (such as quartz) In either such case, an ‘electrical current fed to the
multilayer structure via contacts at its extremities will be forced to flow (substantially B

perpendicularly) through the multilayer structure itself, rather than bypassing it through the
surrounding film material. | .
~To allow easy formation of electrical contacts, the film is preferably
20 sandwiched between two relatively thick, smooth, flat-faced 'bbdies of highly conductive
material, Such bodies may, for example, be embodied as thin metallic plates or as metallic
layers (deposited on bulk substrates). | - o | |
Particular examples of films suitable for implementation in the inventive
device include: | o
25 - Organic films (e.g. of polyimide or photoresist) in which holes have been
created using, for example, a reactive ion etching process. The inventors have
successfully prepared such films with pa'ssag'e‘diaﬁléters as low as 100 nm.
: Further information with regard to the Well-kndwhiﬁhé?s’calé etéhin_g_ techniques |
thereby employed is co_ntained (for 'e'xample)l in an article by Gijs et al. in Appl.
30 Phys. Lett. 59 (1991), pp 1233-1235; -
- So-called Nuclepore™ filters, which are commercially ava_i_léble from Poretics
Corp., California, USA. These filters consist of a thin plastic film which has
been irradiated with high-energy particles and subsequently treated with a
chemical etchant. The irradiation process indui:'és’"daﬁ_lége tracks in the film,
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constituent layers of the multilayer structure at increasing distance from
ore of the surfaces [err], it is ensured tRat an electrical current
traversing the nultilayer structure from say, [err]._ to_[err] will

be
forced to flow in avhichease ithan elched:away 9l 3s,torpxpasenwell-defined porew, Jrhesdiageter of

constituent |ayer. tﬁyr' ?Qs ' ' | f R ﬁr‘%ﬁ.ﬁ
(instead of the C P}“{gele1 ne r%@ygﬂ?&% Z‘S’H ?E%\ang%cgiﬁlea s?gsg‘r’n&\%ﬁl C l%(sﬁe film
is conprised is preferaBnyimangiliate advantageiaf dhe inventing devicesis that@snaxrow

l ectrical _ipsul at - condugt of:. ALt tiyelv. in th f
ol oct 11 ool MyETAYEE sbrite G b E: sty Al MRt pastane; a5 ot SBRSsaR o8 Bse
and rel srva%bwpmatrg@w@iuﬁdmewafzﬁ&eﬁmk&meha eeéh[iE 86Wn 36 Pilartstrucliiré) bF

coated with an electrically 15 insulating substance (such as ﬂ;ta'rtz). I n
ei t her sucdrastically reduced dateral dimensions.cAnotherjadvantage isribat, ievesy in thergage ofire vi a

et pand o HaspeSs f Weistot Hicthy et JoREE bk sl of THRR OB shotons 1 and
bypassi ng $,) viitlr theGxtrethitiesLofrthel neliltilgyér strictiné eieréih lochted? lih Qonteds,the Provisionn
of electrical cqontacts, the filmis preferably 20 sandw ched between

) 3 f WO,
rel at i vel yofrelectyical coptacts with the exsrepitiesRf; anseteh-strucsured H&'@ﬂi’cﬂféﬁ‘w@c}’ﬁi‘t\!}q\,\tﬁﬁ
Lo ot ve. . T Act

ml;tcal I ?g“ Feg‘yer s-ly( eg%lgf(’t gg -??Imgﬁf‘ﬁ sgﬁlsttﬁgat es‘g'#"@?ﬂ [ cttkgflsgé(a%@i engfl%?ﬁ'ﬁcult

films sui tamdl expénsive topinenufactate inrthe firsthpladen Muitilayer steuctures ofisubmieron2width

Oganic films (e.qg..pof polyimnmde or photgresist) .in.which holes, have been
creat ed udiNg ,ﬂg? S‘ﬁ‘s&’éﬂp& égvagqggéﬁqtitsgr kg;r? é%ﬂ%ﬂﬂ?% are Tﬁ%‘“ﬁe&/gﬁﬁ)r s
have succeaggisdl lo¥de?'dTRRdgitude'a0-100/@ys Wi th passage dianmeters as |ow as 100
nm Furtherinformation Wth regard’to the well-knhown fine-scale etching

t echni ques t her eby enpl 8ypreferentiabambpdisent oHthealexieplagyordingatn the inventiohis

Gjs eteal 4 in L. 30 . Phys, Lett. 59 (199 A233-1 ;
Gl chatghedrd i, i thesamstment verh O B wljae? frbire s b Ve Vadth
?\éai | albl et%w@.ﬁ?aﬁﬁkﬁw B,, arided thifiintive thikhessT)emeasuidd: Sérperdidutdrsio Sif a

' pras \I\rl?eret;y Uv"mn,,l Cs 10.a %‘he larger the value of w,, (for a given value of t), the smaller will

put

be_the measured CPP resistances for the multilayer structure concerned (see Formula (2)).
~ The inventors have observed that, fort;, = 1 um (a typiéal and practical multilayer |
20 thickness), measured CPP'resistance's become impractically small when
Wy, > 10 zm, making the detection of subtle magneto-resisténce effects extremely difficult
- (and also leading to increased electrical power consumption). It is theréfore advantageous to
ininimi_se the ratio w/t,,, either by decreasing w,, (narrowéx_'. passage) or increasing tp,
'(longer_ passage). Particularly satisfaétory' and reliable results are obtained when w/t, < 2,
25 yielding typical CPP resistances of the order of 50 Q2. The inventors have successfully
manufactured several test devices in which _ . |
wy =0.2-0.3 umand t, = 1 um, yielding a ratio Wyt in the range 0.2-0.3.
_ Another preferential embodiment of the inventive device is characterised
. in tha.t the average thickness t; of the film (measured petjpchdicular to S,) does not exceed 10
30 pm, and preferably does not exceed 2 pm, The thibker the film, the more difficult it is to .
create appropriate artiﬁcial'passages_ in it using techniques __Such ‘as lithography and etching.
.In addition, practical multilayer structurgs_af_g typically about
1 pm thick, and it is not strictly necessary that the film in which they are located be
substantiaily thicker. In cases Wher_eby tr > t,, the pof_tio_ns__ of the passage which are not
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it Is ot _necess w a | arge-scale- structure and then

subsecfgﬁﬂfelV%o[né‘ﬁ‘c%f’"avd%&l?dméfng?ﬁ Tar structure of drastically reduced :
lateral di mensi ons. THOSitability dF &t ingentive devite.fof CPP dperdtion i€ prefelablypassages
of subm cron width, electrical. contact can easily be made (via the surfaces
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to [emidgedes ¢Piind X' # Y19.ZEhq kaxyer Yhe ZalMesmultiplén all ld@monsteiyan val gie
of [err] the snmaller will be the neasured CPP resistances for the. '

mul t i afge spigryalve magnatensesistancy effeske Thermultilayep structuneccan, o&mws qempsise

obser IQW‘ ggfa .l ayer 20
t hi ck\rézgi @an%%%rhetha@k t’estli’leslggf;l{lzk %at!égm‘s{’l rac "INy sm! en [err] .
> IS0 [depositedl onekinetallic buffiertlaydri ifsoodesiredit Aefunmgaapmy anltilhger compobidion S

ext rerrel gredelilélldated is discussed in more detail by Jimbo ez al. in Ipn J Appl Phys 3_1 '

(1992), pp L1348-L1350.
The inventive device may, of course, comprise additional layers and

multilayers, serving as oxidation barriers, msulanon layers, electrical connection tracts,

20 exchange-biasing structures, erc. ' '

~ The invention also relates to a method of manufacturing a magneto-

resistive device of the inventive type hereabove referred to. According to the invention, such
a method is characterised in that the multilayer structure is deposited by an electrochemical
deposmon procedure. Since the multilayer structure must be deposued in a relatively narrow

25 passage, a galvanic deposition method making use of a deposntory llquld is far more
penetrative than techruques employing a directed depository flux of gaseous particles, such as
sputter deposition or molecular beam epxtaxy In addmon, electrochemncal deposmon is
relatively cheap and fast, and is very suitable for the provnslon of relatwely thick layers. .

_ ' “In an exemplary application of the mventlve method a l-um Au film i is

- 30 deposued on a smooth surface of a glass substrate, and subsequently covered with a 1-gin

film of polyimide using a spin-coating process. With the aid of a reactive ion etch technique,
the polyimide film is next provxded with a well-defined, penetratwe hole which extends
perpendicular to its exposed surface. Using the Au film ds'a ‘base electrode, a Co/Cu
multilayer is galvanically deposited in the hole, from solutions of Co and Cu salts. ‘The "
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n'agnetl C til ayer structure. In thl S cont ext pal’tl cu
enbodi ment nultitayer structures, providedh theometalicsmatedialsfitheir wsnmksamasmtuentslexers n

| ayer s el SRR AR e KR PRRIESBoR: prbfitio e b Ref iR ©
MiFe/ Ni Fe/ @lechionegative ?g(rer yifials/ An/ingiedjate Wahiagé\@rf [ti6ik fphrtitilar method is that it saves

[err]/Co/Cu/Co/[err] ]/ Col Ag/ Col/ [ err]
15 time and expense, by removing the need to altemately change electrolytes between deposition

of successive constituent layers of the mulnlayer structure.

In an alternative method of manufactunng the inventive device, the
multllayer structure can be deposued in the passage using a Chemical Vapour Deposition
(CVD) procedure. _

20 _ Because of its i'ntrinsically high sensitivity as a CPP sensor, the inventive
magneto-resistive device is particularly suitable for ihcorporation in a magnetic head, as will
‘be elucidated in more detail in the exemplary embodiments hereunder. A particular
embodiment of such a magnetic head is characterised in that the magneto-resistive device is
located in a gap between at least two magnetic flux guides which are disposed in hollows in a

25  surface of the film. Such hollows can be provided using, for example, a lithographic
“technique, and can be'subsequently filled 'with magnetic material dsing a variety of deposition
methods, such as electrochemical, sputter and vapour deposition techniques. In this manner,
a fully integrated ultra-thin magnetic circuit can be provided within the film.

30
" The invention and its attendant advantages will be further elucidated with
the aid of exemplary embodiments and the accompanying schematic drawings, not all of
uniform scale, whereby: ' _
Figure 1 is a cress_-sectional view of part of a trilayer stack comprising a



conmbi nations thereof, whereby the individual values of X, Y, Z X Y and
Z all |V¥89§I?ﬁ55419 range 0 to 1, and X+ Y+ Z=1=X

mul tiplets™a

The nultilayer structure can, of coursg, conprise a plurality of slch
multiplets, either of a single type or "of m xed types, and may al so be 15

" deposi . i Co oy ' ' ired.. A full exenplary
1 1 BYjRs Bt bing o bl asls B ranblacife OFF el felibive JRVL, o1 | 1y
Ji mbo adcording tonthernventionAppl . Phys. 31 (1992), pp L1348-L1350. The

I nventive device may, of .course, C ri se. additional |ayers and

mul til ayers, servi néi%e%?‘e‘éﬁs-i%s U&‘i@ﬁ’é&“f?ﬂs@ﬂe&mﬁP&P@ﬁ@nm&ri cal
connechdsedpelthéreis. 20 exchange-biasing structures, etc. The invention also

relates to a method of manufacturing a magneto- resistive device of the
i nv8ntive type herelbFigure 3f armdtilayer sthuoture dian he¢rodépositédwithin the passagh a

= + Y + 7 . These .
denonstratea a | arge spi n-val ve nagnet o--ré’grgpgrﬂ@éz‘btfect; e

met ho . C acterised in that the multilayer structure is deposite y ah,
hdiﬁ ha% i sed i h h [ til is d ited b
caH

el ect r8c deposi tion procedure. Since the nultilayer structure nust

be deposited in a r Figiré Ydepictithe 0bjedt o BigERIS subkeqiitny )ite pEWSDh AR

met hod meking use of 'a depository liquid is far nore penetrative than
t echni electsicad uetiveslayer; thereuporieposi t ory fl ux of gaseous particles, such

as sputter depositi . ). 1 . Lti,on. . .

el ect rochem cal depg%u?% g%&s\&géﬁg‘fl%% @hdégl?v&Hho?-ggg#g Q‘r‘?ﬁf'“i u Ef@?ﬂ? 4,

suil0 abwherein supplementary svide carineciveapassagey have béenl proeided; | N an exenpl ary
application of the j nvengissge met hod, a g#err mAu filmis 30 deposited on
a snmooth surface of Figuss §S80ws the subject of Figure 55 afiercselaciive semoval ofjpans of

1'[érfild7écf\)ehﬂ%?iceﬁﬂ'§ﬂank_@oﬂ€udtﬁb'? ef- Spin-coating process. Wth the aid of

reactive i1on techni que, the polyimde filmis next provided with a
wel | -defined, penet Figure @ givdsaa pérspeictive viewdef panagaetiti headdncdrporating axposed

o oo e o AR P BRI P, o, o O, LY 1S
\Ié\gl_/ﬁﬂg 52/5615124 ~ Figure 8 renders a pamal ‘perspective view. of a quadrilayer stack
comprising a selectively etched polyimide film, being a suitable basis for integrative
manufacture of an inventive magneto-resistive dev_ié_e with: proximai' magnetic flux guides;
" Figure 9 is a partial cross-sectional view of the subject of Figure 8, taken
| along the line AA’, subseqixe_nt to enaction of additional processing steps;
20 | Figure 10 is a highly schematic cross-sectional depiction of a film
provided with various connective passages wherein multilayer structures of various forms
have been deposited in accordance with the invention.

25 Embodimentl S |
Figures 1-4 depict various stages iri the manufacture of a magneto-
resistive device according to the piesen_t'i_r_i-vent_ion. Identical parts in the various Figures are
~denoted by the same reference symbols. , |
In Figure 1, a flat-faced substrate 1 has been successively provided with
30 an electrically conductive layer 3 and a polyimide film 5. Suitable exemplary materials for
the substrate 1 and layer 3 are glass and copper, respectively. The layer 3 can be provided
by sputter deposition, and the film 5 can be provided by spin coating, for example. In this
particular instance, the approximate thicknesses of the layer 3 and |
film 5 are 400 nmand t; = 1 um, respectively. The layer 5 is delimited by surfaces S, and



7 exposed powpiosmpesar surface is then provided with a further lpdpmoekooibs! m
of Au..Si'nce the polyimde filmis electrically insulating, a voltage

dif ference applied between the two Au "eledtrodes” will result in a flow of
el ectrical current through the Co/Cu nultilayer, in a direction '
substanti asi,y per pendi cular to the constituent Co and Cu |l ayers. 5

A preferentTal enbodi nent _of the inventive nethod hereabove, el uci dat eg_bﬁ
characterised in that alf E}&vie é. p£ORRESVE Passage. 4 has Besn craated pp. Y& 2y eps

structure it BanSd B ifBes §O4HES NI Q3&ited
speci es of%%?@ﬁs@wﬁ%%ﬁggpgﬁﬁgﬁar spsébl essﬂéggsﬁa{le -at anglg%gne
time i s dewell<khowd lithogriphic hnd etching| technidues,hsuch@p Ithese elucidated (far examplex byl

B T T T e

PP 2144- 214RragEhidtin BF tH¥bgasgige TP abBlit §.8YmE. be applied to achieve the
deposition of other nultilayer structures, provided the netallic materials

of their various consti Asdwre depicted, the pagiage {7iin gubstantially straight andsperpendicular

speci es prgsgntapyl.n. t L ectr ve dj ffe I né i '

potenti al s&’ %ma’p’ £ %JE%%‘? %4]‘%["%’5&"&3 %‘F‘@é‘f §F WB@‘%&" ﬁaaflsq Pe

saves 15 seddn @0mjufetichwith thy invendon.ng the need to alternately change

el ectrql ytes between deﬁ?sltion of suyccessive cqgnstituent Ia¥4efrs of the
[

mul ti | dQer structure. | M Eiguse Sepmpulnlayer,structire § demonsirating a large spia-valve
uoi g o CrspicEresisbhedett @a RObED diindehflt Of AN 16-A TafeRPoP RiPAS
Because ofarid 19-Anlayers gif@i)lm;fbbghdepméd MﬁliwtlheSplassagPH ﬂgla sm]{ltilayélestructure’s

t 1et o- t t] . .
| ncor por at FENAELIaNGES {8k BoNB fiere) 228 wlacked, b 4 isedtiot hsiapially Rereraisularith S,
the exenpl &I)ﬁhﬁ@a §08 onstil Fllh?@fs-arétﬂﬁs'w al in@?@iﬁﬂg%ogffréﬁ’@?.& S,,

magnetic head 1's characterise that the magnet o-r esi evice’'ls

| ocat edSi ndependipg oot the endexntin Ivduich theyareragurded)c The unultilayercstruchiire 9 maybe

di sposed i'n holl In,a 25.surfac f the film Such hollows can be

ot o0t ded demged Hpctidbafniealts SAifE Frodussd o o o FERPRan G can be
subsequently filled w t AsTed aégictedpihe mhiltilayet Steucturé Y fiRé theGias€hg® Tsdlinostn

met hods, such as el ectrochenical, sputter and vapour deposition techniques,
In this neeampletely. This is not strictly necessary, however, and "filler" layers of conductive material

" may alternatively be disposed on either side of a thinner multilayer structure; if so desired.
20 Figure 4 depicts the subject of Figure 3 after provision of an electrically
conductive layer 11 upon the film 5 and multilayer structure 9. In this instance, the layer 11
has a thickness of about 400 nm, comprises a metallic material such as Au, and is provided
by sputter or vapour deposition. o |
| The resulting inventive magneto-resistive device can be employed in the
25 CPP mode by measuring the electrical resistance between the layers 3 and 11. Exemplary
Embodiment 2 herebelow describes a scenario in which such measurement is greatly
facilitated. | o

30 Figures 5 and 6 give a wider view of the device shown in Figure 4,
. wherein supplementary features have been provided. Identical parts in the Figures are
~ denoted by the same reference symbols, which are also consistent with those used in Figures
1-4. o o '
In Figure 5, the film 5 has been provided with additional structures 13, 15



a full ydi,‘%m ed ultra-thin magnetic circuit can ble pr%&%&’WH}é‘PI n‘~- t h%'

film 3 e I nvention and its attendant advantages wl|

elucidated with the aid of exenplary efgodi ments and the acconpanying
schematic draw ngs, not all of uniformscale, whereby: Figure 1 is*a.
Cross- ' ' s nar ' I b Cks < LSl

CLOSS: S Cithe e Yf Y obigifd nhulffayét dthichi¥ 9 THE@ SIARAHR dPdcifted 13, 1Y hve ,
pol yi ntheesafmel constitefiomastheunoltitlyer stmmtsrefrbutrareidispdsed én obnmective passages
magnet o- r esi stive deyi ce.accordipg to the invention; Figure 2 shows, the
subj ec¥ aﬁb%ﬂﬁaﬁh"@#ﬁr &riasfeeir 5&"%%&&&&‘%% deThedlmidis 5

I'n Fi ObicR aainfedVieérdd Wik @' méthNidQhyere ihas been deposited wi thin the passage

of Figure Z; Figure 4 depicts the subject of Figure 3 subsequent to the

pro¥i sion of an el efn Figiae by thedayercll bas besp elivided:into (asrieasp)i threeceletricallyer s a

w der ¥yj of; » i 3VERt } i hown i n. .Fi qure 0, wher,ei n .
suppl -el\gn%l%@gr >}s lV\A e Zgb?igégl i%\‘é gﬁggagaﬁég‘eﬁ"a?\‘}-&%@ﬁmb‘r gzli @e@,"“i"@h‘?ﬁ!‘%"‘% hows
the suletietiquesf for example). Erdctrival sentasiwine theaufidémidec?? ofthesmaltildyes sttwoasei N9
el ectrically conductive |layer; Figure 7 gives a perspective view of

magnet ¥ 63 BAY asil be Magde vidythe 1%%?5;%@ pither of the-ruchires élabi-dﬂdhiﬁg”%)b%ﬂhe

of o qhareftonmets with the muldlayer oBUEGre’y ofi g Rl b S TRERYY S, ¥ "

bel@g agsby atththing fine goldothreads separdtelyctorisiand 2L and to af lean dne\of the istands -
magnetﬁ-’ rZ%S(ugé Io}l got(ii\ea/tj tﬁg is)llma'nu; r-a.on : i?ladyﬁaggggulsfy-'_';alcilii)éatgsutlngs%i'ement of the

electrical resistance of the multilayer st_ructur'e 9 via the well-known "four-point” o ( '

measurement geometry). Since the structures 13, 15 are relatively wide, their CPP electrical
resistance is advantageously low, being only a fraction of the CPP resistance of the
15 multilayer structure 9, - L - | |
Itis not'strictly necessary that the structures 13, 15 be embodied as

‘multilayers having the same composition as multilayer structure 9. If so desired, the

structures 13, 15 may comprise other metallic substances, not-necessarily in multilayer form,

but provision of such structures will involve extra steps in the total litho_graphic procedure.
Embodiment 3

Referring to Figures 2-4, it is also possible to manufacture an inventive

magneto-resiétive device in which the film 5 is a Nuclepore™ film as previously discussed
hereabove. The remaining parts and."aspects- of such a device can be ide_:htiml to those in
25 Embodiment 1. o '

Embodiment 4
Figure 7 is a schematic perspectiire vie§v of part of a magnetic head 31
- comprising an inventive magneto-resistive ‘device 33 with electrical connections 35. The head
30 31 further comprises flux guides 37, 39, 41, which are positioned relative to the device 33 50
as to form a magnétic circuit therewith. The end faces 43, 45 form part of the pole face of
the magnetic head 31, the magnetic gap 47 being located between said faces 43, 45. _
- If a magnetic medium, such as a magnetic tape or disc, passes before the
faces 43, 45 in close proximity thereto, the magnetically-stored information on that medium



Figure 9 |sv@099ﬁ537al cross-sectional view of the subject of mggmﬁn
t aken al ong the i ne AA', subsequent to enaction of additional processing

st eps; 20 Figure 10 is allhi ghly schematic cross-sectional
depi c¢tion ‘of a film provided with various connective passages wherein.
mul til ayerwﬂl generale @svapying amagoetic flux i theaab@vgmuaeqsbmzmmwcuttcmaﬁaeng

wi.th the | t

t he manuf a %fe@%ﬁ%%%ﬁﬁ@g&%v%ggé%gé éégom&{r‘llggf“t?%&presge%{smce
i nventi on. vdrﬁmahg friehsupsble vid thetelettrical iconecfiogs35%s are denoted by the sane
reference synbols. In F ure-1; a flat-faced supstr 1 has, bee

successi vel § provi ded wi ¢ magnetic beadpay éﬁ?l@“@&ﬂhéﬁ‘?ﬁdl% ﬁ%"r}hmbae

ol yi m ge trate 1 d
polyi m ¢ &h%xpgss X ra&iramg ehc mﬁawﬁ%rt ﬁfa§ﬁélﬁ medigirate 1 an

| ayer 3 are coppe respective er 3 can be provided by
sputter deposition, and the film5 can be provided by spin coating, for

exanpl e. lE ﬁhil.s Eagticul ar instance, the approxi mate thicknesses of the
|l ayer 3 a re 400 nmand [err] = 1 [err]m respectively. The | ayer

5 is delimted by surfaggsndss ahd 9low vaifoud a4RERF a magnetic head comprising an
PCT/1B95/00124 9 [err] In Figure 2, a connectlp\% passgtlage 7 has beeﬁ crgeat ed

in the | ayiavemiveThagnetmeasistive devicein conjurotion avith (martiadly} integrated imagnetic fuxs

et ot nd0r ok AcRrdn e Rk Fid R s Senore 39 e s BStefifek il .,

al. in Mat.. Res. Soc. Syigure Briga. pa&ia?dy(ﬁéiﬂ%):nv@mdlﬁarﬁﬂw bmspmbaﬂlmwmge

12. The average w dt h of the passage 7 Is about 0. err
depi ct ed, URETIAYEE sigek puitabl %tnsgamgmw fa magnetic haaéjamq}e&av@m igvention. The

[err] Thi Ss %ééeﬁ '2SoftmBifehie 38bstralX M fth isiedsiGely ‘PRoviBed HAR'EH

passage can-al 80
electrically insulating layer 4, an electrically conductive layer 6and a polyxmlde film 8. The

15 layers 4 and 6 comprise, for example, quartz a_nd copper,_ respectively. The substrate 2
comprises, for example, NiFe. The film 8 has been provided with a connective passage 10, -
which is located in a gap between two essenna]ly triangular hollows 12, 14. | |

Fxgure 9 renders a cross-sectional view of the subject of Figure 8, taken
along the line AA’ therein, subsequent to enaction of a number of addmonal process steps. A

20 multxlayer structure 16 demonstratmg a large spm-valve magneto-resxstance effect (e.g. a
NiFe/Cu multilayer as used i m Embodiment 1 hereabove) has been depos1ted in accordance
with the invention in the passage 10. In addition, the hollows 12, 14 have been filled with
soft magnetic material 18, 18’, after prior removal (e.g. by etching) of part of the layers 4,
6. As a result of this removal, the matei_ial 18’ makes partial.physical contact with the

25 substrate 2, thereby forming a magnetic circuit 2, 18’-, 18.
After provision of appropriate electrical contacts, such a device can be
eniployed as an ultra-smalil magneﬁc head, having pole faces 20, 22 and a magnetic
gap 24. If so desired, the width of the gap 24 can be reduced using lithographi_c techniques.
In a particularly simple elmbodiment'of this device, the material 18, 18’ is

30 _embodied as a multilayer having the same constitution as, and deposited concurrently with,

the multilayer structure 16. |

Embodiment 6
| With reference to Figures 7 and 8, it is possible to use the hollows 12, 14



used in conjunction with the invention. 10 In Figure 3, a
mul til aye@9S26847ct ure 9 denonstrating a-large spin-val ve REEMBASHOI24si 5t ance
effect (e.g. a repeated arrangenent of alternated 16-A layers of [err] and -
19-'A l ayers of Cu) has been deposited Rithin the passage 7. The multil ayer.
structure's constituent Iayers ég“t shown here) are stacked in a direction

subst aﬁt&M? apemmn@mm sffectivenesssof the gxtenal £lux guides 38n41. Fllent | ayers

Che or YA Bl 05 215 e SOARCIPH bt P g GRERIR T

deposi Fxgdrees emdhwhneatlyaﬁlllmg thes holipwsh 2, | Idywith Softanagnbtic material,tit isdpossiBle her e

depicted, the nmultilayer cture,9 fil h a e?alm)st conpl et el
Th:os |'§’9§5"’tt° tegre )}a F‘y Piecssy g the }‘fi‘hh EP& P@F 1GCES) LRy segye E‘brrrguctlvg
mat o1 i Rleusitely Fodus bﬁ@hﬁx%ﬂbﬁﬁﬂﬁﬂluﬁ%uﬁie& feﬁfch%%&ﬁas 4 DiiR Pegure

mul til ayer s ructure I'f desired filgure4dep|cts

t he suipjocthe Wd@ﬂen@ﬂwfﬂ\mmd@mmdomuwam stretoredi cal | y conductive |ayer
11 upon the filmb5 and rmultilayer structure 9. In this instance, the |ayer
11 has a thickness of about 400 nm conprises a netallic material such as
Au, aWded by sputter or vapour deposition. The resulting

I nventive magnet o-resi stive device can he enployed in the 25 CPP node by

measuring the el ect Figues 10 isa §t@ht$hs@awé§mss-ﬁecmamwswarﬁmlm Bl ary

gmga?: y ?chgq I'tat gﬁh&ééngbgﬁ& sbeﬁﬁéggﬁqmw“? bééh i‘\n’k'ﬁﬁdsdﬁﬁhur eg&g’eﬁ&gegl ve

a w delQ2yil16dy d06 txhevtdelvrespeetivewmlulay& stwomrés 112\el 1, n16 mm besnndeposited
f eat ur.es have been, proyvi ded.. entlcal rts hg the Fi gurﬁﬁ?are denot ed b‘

the saffACFRFdancsWith the inyeatio ﬁoartuu the varipu
Fi gur epulm ms ﬂe%éh&n@ucall?‘ile{:ictda‘ slﬁaesa haartap ﬁﬁmsie,q;mwﬁﬁwbmep ash

struct ;l:nrtettsnck and since the mdmdual constituent layers of pracncal multilayer structures are
15 typically of the order of 1 nm thtck it is obylous that Fxgure 10 is not to scale. It is
primarily included here for purposes of clanﬁcatton _
The 111ustrated connectlve passages 102 104 106 and multilayer
- structures 112 114, 116 demonstrate various possxble feetures of a valid device according to
the invention. For such a device, it should be noted that:

20 - The connective passage can be perpendxcular to the ﬁlm plane (as is the case for '
passages 102 106), or can be canted with respect thereto (as is the case for
passage 104); _ '

- | The constxtuent layers of the multxlayer structure can be flat (as is the case for
~ structures 112 114), or can be curved (as is the case for structure 116). Such

25 curvature can arise, for example, asa result of surface tensxon effects

- | The constituent layers of the mulnlayer structure do not have to be parallel to
one of the surfaces Sl, S, (as xs the case for structure 116);
It is clear for ail three structures 112 114, 116 that successwe constituent layers therem are

located at ir;reasing dlstance from, for example, surface Sz
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10 on eit her SI e of the original nmultilayer structure 9. These additi onal

structures 13, 15 have the sanme constitutii® as the nultilayer structure 9,
but &re di sposed in connective passages which are substantially w der (e.g.
a factor _tql%lmlan t he ori gi nal passage 7. The film5 is once again covered
wth a netallTic layer 11. 5 I n Flgure6 thelayer 11 has.
been divided into (at least) three electri caLI y isolated "islands" 21, 23,
25 by renoval of intervening portlons 17 ng |ithographic

techni ques, for exanple). E ectru m t he underside 27 of the
mul tilayer structure 9 can now e the layer 3 and either of
the structures 13, 15. In this’ vvay, aII eI ectrlcal contacts with the
multilayer structure 9 can be nmade fromone side of the layer 5 10 e.g.

by attachipg fine gold fh g,?{g?;gs%@ delike fARturene
of the |slgnds 23, 25 (;l}sltrf:'-‘(i rv? t he Icgwgﬁdﬁﬂ%ﬁg%%ﬂgzx%ﬂg%ygﬂm ageousl y
facil it at echaraeterised iw that dlie niummyemtmcmw isrdepositedrwithinfa anaecuyletpasagerrunnmg

t t 9 t | Lk t Si
truct ur ecbenyesh EemErgnd 0ty StporBd shifaned Sarabd Soatha FfS Siobeshive Sht
advant ageoggéry of e nmu r%u&tu?e being bcatedodt ihéreasiftg dis@nts FrORCEnObf tha@e 15

mul tilayer Structure 9. I's not strictly necessary that the structures
13, 15 de uwfaces.ed as rrultl | ayers havi ng the sane corrp05|t|on as nultilayer

structure' . If so desine t I

netal |l i c sUbstances, f\ xﬁ:sgé&%ﬁs&#ﬁg décﬁglaﬁrdé}grw? ﬁ%crt%\ﬁ/#gllgﬁh a(;fthe
such st r ucéonstitueny lhyers 'of the/ ultilayer siucuse have! hea\teﬁgtl widtli gomessured parallel to
procedure. 20 Enbodl ment 3 Referring to Figures 2-4, it | Srq%l SO OSSI ble to

manuf act ur$1 aAdjagHmula ww%@mmEem@@rm Sunwhe uewa. thi®sils a

Nucl epore[grr] filmas gr The ﬂyﬁa ts
and aspectjs3 of such a dekvﬁ‘é can nté:égg ?o t an}g 5@% %%E?itl.
Enbodi d@ntwi/t, < 2.

4, A magneto-resistive devnce according to any of the Claims 1-3,

characterised in that the average thickness t; of the film measured perpendicular to S, does
not exceed 10 pum.

5. A magneto-resistive device according to Claim 4, characterised in that
150 t, <2 pum. _ .
6. A magneto-resistive device according to any of the preceding Claims, -

characterised in that the multilayer structure comprises at least one multiplet of metallic |
layérs selected from the group formed by Fe/Cr/Fe, Co/Ag/Co, Co/Cu/Co,
'MnFelNiFel_CulNiFe, NiyFeyCoz/Cu/Niy-Fey:Coz:, NixFeyCoz/Ag/Niy.Fey.Coz..

20 NiyFeyCo,/Co/Cu/Co/Niy-Fey:Coz:, NiyFeyCoz/Co/Ag/Co/Niy:-Fey:Coy., and
combinations thereof, whereby the individual values of the alloy fractions X, Y. Z, X', Y’
and Z’ alllieintherangeOto l,and X + Y+ Z=1=X"'+ Y + 2.

7. A method of manufacturing a magneto-resistive device as claimed in any
‘of the preceding Claims, characterised in that the mu}tilayer structure is deposited by an

25 electrochemical deposition procedure. | ‘

8. A method according to Claim 7, characterised in that alternate layers in at
least part of the multilayer structure are depoeited "from. a single solution containing at least
two species of metal ions, whereby the particular species deposited at any one timé_ is
determined by the chosen value of the applied electrical potential in the solution.



Figure 7 is a schematic perspective view of part of a nmagnetic head 31
conpri siW@9&®6SHTvent i ve nagnet o-resi stive device 33 with riraBesn2
connections 35. The head 30 31 furtherlgonprises flux guides 37, 39, 41, -
whi ch are positioned relative to the dévice 33 so as to forma maghétic *
circuity therewith. T, ngd. S .45 formpart.of the. pale face of the
magnet itgc head 31, t h&%@@g‘é{ ﬁ%?’g%?g‘%ﬂf‘%? H&gf‘%&ﬁ% "BM%‘@FW&@& 43,
45. | f of theaQladyg d-6redi um such as a nmagnetic tape or disc, passes before

the faces 43, 45 in close proximty {hereto, the magnetically-stored
i nf or miSi on on that 4nRAgneHc heaggcodndingsteClaim 9, characterised in that the magneto-

PCT/ | BleidRd dbvibd iﬂdchteﬂ%ﬂﬁrﬁgﬂ:e?w [t 1848t E@&Hﬁg &id i hige{ Uzﬁ'cp]: are
above-nenti oned nmagnetic circuit. IS varying Ux 18 Ped 10 Fhe

magidet dispesedsinihollowsin acsugface ahthedilnt. i s transcribed into electrical
resistance variations neasurable via the electrical connections 35. The
magneti c head may al so contaiQﬁgﬂénggLLngL_ggLL, whi ch can be 5 enpl oyed
in the recarding of.magnetic imformation on magnetic: medi a. Enbodi ment 5
Figures 8 and 9 show.various as “TN“L nmnmlc head conprising an

i nventive magnet o-resistive dEVF“ﬁ ulic RSN with (partially)
integrated magnetic flux- 10 guidés. ¢l dentlcal parts in the two Figures are
denoted by the same reference synbols. Figure 8 is a partially perspective
and partially cross-sectional view of a quadrilayer stack suitable for
manuf acture of a magnetic head according to the invention. The stack
conprises a soft-magnetic substiate 2 which is successively provided with
an electrically insulating | ayer 4, an electrically conductive |ayer 6 and
a polyimde film8. The 15 layers 4 and 6 conprise, for exanple, quartz afd
copper, respectively. The substrate 2 conprises, for exanple, N Fe. The
film8 has been provided with a connective passage 10, which is located in
a gap between two essentially triangular hollows 12, 14.

-



Fi gure ngmg@ a cross-sectional view of the subject of porgaéspozs t aken
along*the line AA therein, subsequent to enaction of a nunber of
addltlonal process steps. A 20 nultilayer structure 16 denonstrating a

| d&rge’ Spi n-val ve magnet o-resi stance effect (e.g. a NiFe/Cu nultilayer-as
used i n Enbodi rent 1 hereabove) has bfZR deposited in accordance wth the
invention in the passage 10. In addit the hollows 12, 14 ‘have been
filled with soft nagnetic material 18, 18, after prior renoval (e.g. by
etching) of part of the layers 4, 6. As a resul of this renoval, the
material .18 : Substrate 2,

t hereby form ng |z : 4 bvi si on of
appropriate efect;4c, f ;/ inpl pyed as an
ultra-snall gnét | f A a Tmgnetic gap 24.
|f so desired,yt _ ¢ ¢ 5ing |ithographic

t echni ques. Ig F ™ NIPRENE I T\O g/ deyice, the
material 18, 8'bd ' > _ N the same
constitution as,| And defosit&d concurrepfly wth, e nultilayer structure
16. Enbodi ment € Wt bh7ref epfnce #0 Fi res,Z/and : i;&Ls.possible to use
the hollows 12, {14 /~ WDA5/ 265847 7/

. /
PCT/ 1 B95/ 00124 12,€0 a |evq,én i gt ovepnt it he: éfigktlveness of the
external flux gurdes 39, - 4T By om1tting tnhe burL-Hugﬂetlc | ayer 2 (and the
insulating layer 4). fromthe quadrilayer stack in FnFure 8, and by directly

filling the hollows 12, 14 mnth soft- nagnetlc mat e s possible to
create integrated tapering "pole pieces" in the f| uch pol e pi eces -
can serve to 5 accurately focus magnetic flux fromexternal flux guides
(such as guides 39, 41 in Figure 7) intp the passage 10 (and the therein
deposited nmultilayer structure).,Enb%ﬂinent 7 :




Fi gure. 10woosaesarghly schemati c cross-sectional depiction pér/meénéiza 100 10
havi ng opposed surfaces [err] and [err]. The film 100 has been provided
- W t.h, comnective passages 102, 104, 106, in which respective nultilayer
structures 112, 114, 116 have been deposited in accordance with the
i nvention. The constituent |ayers of 2' various nultilayer structures 112
114, 116 are schematically depicted. Since a practical fillmis typically of
the order of 1 [err]mthick, and & nce the individual constituent |ayers of
practical" nultrlayer structures ar 3. typically of the order of 1 nm

thick, it is ob & otm‘k\ Nﬁr\u\t\\\;\t ¥ ﬁéprr marily

i ncl uded here51 d connective

',::. 507 Aeg 1427114, 116 denonstrate
i jﬁtge invention. For

such a device, i /’Th connective

passage can be le case for passages

102, 106), orsia """ th? case for

passage 104); tilayer

structure can be 1P, 114), or can be

curved (as is th / curvature

can arise, for 'en5|9ﬁ 'TTgcts; - '

The constituent ayen/strur ure,do npt have to be

paral l.el to one % T r structure 116);

It is clear for all three structures 112 114, 116 that successive

constituent |ayers therein are | i ncreasi ng distance from for

exanpl e, surface [err] WO 95/ agapgdﬁ
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‘char act eriwe@shésat hat the nultilayer structure is deposit edpe/inos/i0124
connect'i ve passage running between and energing into two opposed surfaces
[err] and.[err] of a film successive constituent |ayers of the nultilayer
structure being located at increasing distance fromone of these 5
surfaces. 2. A nagneto-resz tive device according to Claiml
characterised in that the constituent ers of the nultilayer structure
have an average width [err] neasured parallel to [err]2and a cumul ative

t hi ckness [err] measured perpendicular to [err] where [err] 10. 3..

A magnet o-resi stive device according to Caim2, chanpacterised in that 10
[err] 4. _ A magnet o-resi stive deyjce according to any of the
Clainms 1-3, characterised in that the averagld > [ of the film
measured perpendicular to [err] does not exceéd
A magnet o-resi stive device according to CrLr 3 p
[err] < 2 [err]m 6. A magnel d-r , oA/ ce flaccording to
any of the preceding d ains,.- characterisedfii | tiJayer structure
conprises at least one-nultiplet of- netal L ed fromthe group
formed by Fe/ Cr/Fe, Col Ag/ Co, Col/ Cu/ Co, A% i
[err]/Cul[err]/Ag/[err] 20 [err]/ Col
conbi nati ons thereof, whereby theAnd
X, Y. Z X, Y and zZ' all lig
+Y +Z. 7.

devi ce ‘as clai med in ¥y
mul tilayer structure i
procedure. 8.

that alternate | aﬁr $

hggal oy fractions
X+Y+2zZ2=1=X

{ magneto-resistive
Jaracterised in that the
ochem cal deposition
Claim?7, characterised in
ltilayer structure are
deposited from a east two species of netal
i ons, whereby the pa $ ANy one tinme is
determ ned by the chod® f [ ecf{rical potential in the

sol ution. | :
" Uy fler
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WO 95/ 2654 Awo 95126547 _ o FEBoSIi$ 0124
14 9. ' A magnetic head conprising a nagneto-resistive device
according.to any of the Clainms 1-6. 10. : A magnetic head
according to Claim9, characterised in that the magneto- resistive device

Is located in a gap between at | east tvxqqmagnetic flux guides which are 5
di sposed in hollows in a surface of the ¥ tm

FIG.S
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