1. : EP0216062B1 . 2 Description

US-A-4 103 315 discl oses a ‘magnetoresi sti've read transducer assenbly having ¥
the precharacter-'isingtfeatures of ER8Z18062B1 ai m appende@ hereto. It This }
invention relates to a magnetoresistive read describes the use of ' i
antiferromagnetic-ferromag- transducer ‘assenbly for reading data froma

mag- 5 Deseriptiope exchange coupling to producetﬁﬁmrwa)rsffﬁ Id ps. anmagnetonesistiver d

medi um t udi na"ﬂgI q&gacter— -
gﬁﬁ to. It
senso¥ f or THO MknonVBIBS oY o AighBirbdvel b sen o) of a mmgl;:etlo-ferr:mag-

suppressm;nsdubancasuemblmcc ngadmmbhmao-f readnatge:ctbdnaeéqu ping ® produce a uhifaro latiging

to the |mﬁﬁfﬁ?°541“°"i“ﬁe is proyided a magnet juginal b SIE‘E the entite M} senpay dog domain
densrtle%oﬁwﬁ’@sm# " gé:?s ol tranSBICRECas 3RMleHtioR Offbre 56 Pifled a
det ects rfaq:gharcl mgmha.sirdsr amgim the mﬁ@letorpﬁsﬁﬁd md trafiuct aBdMbly com-

changes cﬁeﬂfw 'w% inﬁlm resr stive | ayer
magnet or 8 *M}Sﬁ? ey of tﬁré‘brasm? Qaruﬁah
produci nga u tQﬁdJ aummyaénsémd di r mahé Msgn s-meg g, the ohgm%emasg
sensed by thelelemantg netoresr stlve | ayer, the | |°tml§vaha4fﬁclbmwn it the magnetarent

b f alfs fhet in prd |°ﬁ?'5.P°n t'A 8l E
tﬁ;?gl g q%aﬁgﬁm if}dféﬂog epron si gt bi¥seln|aﬂ nﬁdo‘gg 'Rg r)a%}%}erse

state, opeadichenié irairld thansvéredbidn fiald |§geﬂ-| ds shovoledd heg iotrsrdﬁ‘cmdimagmsﬁstds Iayem.szhe"lg

e deidthis-bias fiejeh | rs| bpifp-of iegtJo
R R T e, e R e e ot

fl fi el dTheot ernﬁaﬂérd&har.au@mabﬁﬂommfle dg:inﬂucﬁlﬂnnean o obbin tol <3l | et FetoPdsis-
sai d nmagri¥R elementssis rejagred toyithe att hethe jopgithy pr ov fivddayer Withinssald icentralf regidncto idefing @rdeal

rrggrlgtel glizﬁﬁb‘% ﬁﬂﬁ?{éﬁ{%ﬁu aC%e\C/) aﬂﬁ mﬁ?ﬁi@%ﬁ@dﬂ%

central rasgeldis tosupprlass Buridy mm@wbudeo anar

sistive I rﬁ%mﬁl"'f’?"??é‘a?"“‘f"@éﬂbﬁ‘gé"ﬁrﬂ'&e and‘h‘ﬂ‘l‘é“a 'YJB?'“ fi
usual |y €hy Mﬂpﬂrtﬂbﬁmm&\éﬁdm-s cAnnBEd m%& nz'b&.é %ﬁ?f

el ement s tussfor Mnawsds faveibpéd -@bic he | osigwéluyer tive layer wit h| n sar
central r b@FMPthm as fi Uﬁm@R r&%? en!jlﬁ
t he surf |stan nep fothe
magneti c Hmd\ha, or)) m&é&s&d gﬁ,@ﬁwt fgg Of ct | o regl on pr oduced

by magnetdegsity hasl Idd;tovﬂn :ahuireimmt Mrngtowarenat . The fRgaettiiola dabratisbowirgrmndeptuaiiy how

- i the Jongitudi ligd to the
are %ﬂ: erfegg G?gR‘;‘i'lﬂr '| sti vePn (30‘% %:‘P'F!ﬂ mves:tPgn"Sd
Suppr ess h nﬂ&' be de isa e aligned staha of
mul t i - dorai mada Gkith \thd usaf ItHe @es tdoe &smﬁgmdu)ar Ifi6lgy char acterised

t he fir stdug !ttagommelas requlrements On the one Figure 3 is a diagram showing the relatiopship of

means. bei ﬁ:ﬁ%ﬁ gr tudm m‘? %eg NI} fayer ing; 'Qstf“hg
me hods e aldhgthe MR elemimt. On eébmer han8, ml.e/ said tﬁyare anl 64divieW Sf & EpekiftSembodiment
t or eranstverse Biaxﬁerdﬁs sopmal ¢ the toagnedrdaemh dlsve redul tahsducer assemisly erhbogiging the

:ﬁrgatiz* T e o i iy v

met hods ara of ex:ﬂmiers.sa/ue&ian view ahuﬁmeofmurb Ime
have beemlgeﬂf@otiivmels @-gwmw preduged. a‘ﬂleser e@i renents. acco anyr ng draw

in whi ch: Jamgrd"" 'ﬁﬂ@gg‘%’ﬁ ncreaﬁégﬁﬁm g{%eq;‘fg Vge %.

led to t rrent or narrower re-
concept ual U Ahomc gﬁﬁrm raiadianaxcreasedﬁlmauaemresismo swier-HFgurde is
mate

| ongi tudqurad peds) i S8 t proyided with a‘El’f@"!‘*r guerse bip o
conf| b S R R (o2 S o ]

necessar }hdfaﬁbn QﬁnnOt characteristids! Hm , the biks G Add luBiformly
_showi ng ttherodthqaglnedgm ettfmh@berbw mwtéeial i t h t heppliegietooth é%g;roﬂ'hea lopgitudinal bias

‘techni quey exchange co magnetic f &g d(HBngdp aip only to the
e Sy BN RIS o 7 3@{’ oo
rel ati ona:hmrgemfaslﬁ coapiity, the CBirWJan bi as as$ At oG tegionak bDHG

fise mode is ap-
‘regi ons off segh Wﬁﬂﬁémenéeemﬁlmgme@um f or dlarsmsw19uppre55| on and this
'bi as pr odiy@n domain stat Bf‘%%’éﬂ?‘"??‘iventlon fi%l d al ong the MR el ement. On the
.ot her hand, the Figure 4 is an end view of a specific enbodi nent

‘t ransverse bias field I's normal to the longitudinal bi- 45 of a MR read
't ransducer assenbly enbodyi ng the as field, so the |longitudinal bias field
lconpetes invention; against the transvere bias field and the trans-
LFigure 5 is a plan vi ew of the transducer shown in verse data signal. As a
fsul t of thr S b| as corrpetr Figure 4: tion, the MR sensor |s chronically

‘densr ty applications requr re a very The pr| ncr pI es of operatlon of a

o o o R AN\

I e Y



3§ <t EP 0 216 062 Bl 4 The | ongitudinal bias
ca‘in be produced by any suit-: tain the end regions 14 of the MR sensor 10
in a sin- able methodknown In the gspai@seaoduci ng a lopgitu-. gle donain
state. In‘direct contrast the conpeting dinal bias. In the. preferred
enbodi nent, the longitu- bias requr rements of prior art MR sensors ‘cause a

ot e LAty o lotg BAAGE 0 25 BRI Rd oo wstrh@%tﬁﬂo 5"

pattern :l bias In the prefelved Mmant,dlteelmt%?:t_ c hangebtasrrequlrdmmb et/pﬂor at MRGegD rh se &
antiferf ghangs biaging meth- oy er '19} o
r €gi ONS akiferbih E it ddvers Ohthe &S %a r%bs,msysdﬁt@ PPaEn Wﬂm“%&'l s

based Oandrbgiorﬁﬁem fhe Wlﬁensot)ld yind, B€a@nd regi Om® drésetf inveltion N b6d) 610 the Igdemise
t hat - wi 8yl oniscthe et regi soﬁg;rlm MR sqn 118 dorrai thet witihithe ead wgiensdma single mmmenhde.The

?gt LIg;Eﬁ&%ﬁ aenlenteraltggfé“ﬁﬂ %ﬁ} :}E % d&wﬁﬂ As

I S tr uefestive biag lda&pérhmeum un- Iigh1df 196 MR Sens&@A | N F| gure 1
t hat res'tﬂ!“s biﬂﬁﬁelﬂlsevﬂﬂmﬂw Eff‘err] i s "rﬁlvtrelatmsti en med lnal!ssar'bl-to

sorsor enteiEE e A ek - G R D g T

rel at i of@ére maipteingddeaisinglecdomaj bacthenlan-| y Unhbngthgﬁls pressr on.

ased le sed | dmgi—hLmT-hbnsfgwlstn@f t he

Ioan %Fm ?ﬁ%ﬁ%ﬁ%ﬁnﬁé [Qgr]a'sanq_ Iengt of the det ecti on
regi of_the MR sardorl 10 es drrbn fieldd regr "9 % 29L no 5\;3 :
in Fi uf’@!’“ the lgngitudinal| bigs; rifis 0e¥n t hes ph.ﬁusasbrsg

dormi .F%Sg‘;, °flgf‘such tdsateagmmmhrdmmwm«he b| as
field o;cr ﬁ&ﬁ% sénsor doneesl | %ﬂm&ﬁmdimﬁs@nmnf 9ﬂ1
d|rect||:¢iam!e1r%l e htte/\r:lan’tr::rhrsFrgureQ.éI

14  20¢on P’S’b“""B‘P" experi

| ongi tuﬂ'f 1%%?%&"@3@% g &%ﬁ%

'S reasomhm eeﬁstena&ftaﬁueaaf ersebl-
gener al | yorc @eclongudinal bids Hed (has) Beehi i T ise andsed wsnr@msidermgmgerewnb: wwld ty

of MR sdwsdrat Ibéktarpuumstteoﬁttalraﬁiwrg‘#@ﬂMsr ngl e "Eedtain
condrtr%""r I‘&Wﬂ”{ & franpverse dighof 8 | o Sta%é% ﬁf
sensor ‘"gﬁ‘&“ "%Bhs P vgsonSt 1 afiite oHamitlng] biab, S "rs&ra  sig-

r ever se mid@d)erhe ldant 6pmr&| rse mpwwaGQMnn@trmsqs

dear thUﬁsingr wﬂ-ﬁmbim.yor l e, %{' nTheses PRB‘EWQ!I'
not be ﬂ-A PG a"'t.'ﬁ A %ﬁ%{ﬁr mal I ﬁ rﬁ%'e‘%e fg‘atmulu&seg#l;j al
regi on g Signal L earPie ita IIy e 8Bo drbbide

sensor ida a&lsﬁb'lﬁieﬁhsl m&guaef ectrical con- A specrﬁc embodili iR hadmseacemce

R tﬁﬁ%ﬁﬁi’“’“ FTEG

Reti¢ Hin lﬁﬁﬂiﬁﬁﬁe witm lay-
: r eadr Ng gioh Gthin w:g aanBallregicd MACes l findtien of W deets ¥ anu 1&mmmsﬁeblﬂsrlme gpivered
‘4;.; 1O

-tracks. re injerpapted iy the aggﬂsgrhour d % ?ﬂ fugh ngqb,;
mai nt ai e gee s itwobr e i z;eat er &R dp
due to dibisﬂi : s@ﬁfa i_n ambmsrmmrqdmmmsversastiascﬁa oom-
- | ongi tudetemibn lmgins ovuruhld\aue “duiptesigrat r8ve5?o Rrising .' :“‘ ﬁﬁ% en'

can be is 03 uRenlek ei ghb m%eip
gs;ﬁo i)af"i‘ hisldd MR o

shunt brsa.;;b,ng, th|§ 18 froM re-PET rran@ntﬁransversa 14 of
SUppr esserded rhighews mmdw emcrtmbrsmrng s the MBniayen 19.Maghatic alrneldStaﬁ @gwe a
de- - at rlftmsh l”e sgreehdingcienaity jst  [er rwcﬁqwo%m"z@?g‘ﬁ@fi j c
monment ; 'ﬂf}’ rran Siing Wyors 30

- Figure o. sbcid heéhy, e Miible-t hen bmd(mmmé prdvidydttn mahll tladssshrgdselamest

si de re sny ptaeaﬂsnuag mesbwssoﬂrg an’@eﬂwet“ﬁ
con- 53‘ ific erﬁgod 0L edf o £ M ayﬂr"fé;g'
e

whi ch ar , aly aheadaTdl Y iBéFatloRCFol e RIRI 6yer 18, & soﬂ
represe iations fakeSIGVel Bta:t sdorgent r aI (mteﬂal is@rasmmmmlen magmf
Fi gur es ahe Jevelrefilofgituditaf biasris srgietem g e of, n #0, regspnably high MR copffigipgt. In

[err] enables the sensing neans to frlntlayer 10 is Inintimate el ectrical
contact with an determne the resi stance changes in a detection re-
: |ferronagnet|c thin filmlayer 16. The thin filmlay- gion within said
t.ral region 14 as a function of 45 '_ers 10 and 16 produce exchange
win the covered the fields which aréarntercepted by the MR sensor
e VR Iayer 10 so that it is Iongrtudrnally bi- 10 from previously
’ , : -1 ,w,krhyte:donaln nDde in the AL T—

opposr te sr de of NR Iayer 10 there |s a edges of conductor rreans'18 and 20

o " o o r o - o r



general, a very thin fil.mwould be desirable since dains thinner filns
are nore sensitive. However,+-as a practical matter, the thickness of the
film nmust be 1. A magnet oresistive read transducer assenbl y chosen to
avoid very thin filns whose thickness conprising: and properties are
hard to control. The MR layer 10 5 a thin fil mnmagnetoresistive | ayer
(10); may be fornmed reliabby if it has ERORU&OA2BI in the first biasing
means (16) for producing a |ongitudinal range of approximtely 20 to 50 nm
In a specific em bias in the magnet oresi stive |l ayer, the |ongitudinal
bodi ment, Pegenerhll a\wed thie fil maesmdsmee Claimsbi as being of a | evel
suffici e(nt t'b‘“’t‘?&lf!‘msanﬁ '!' r. Afust be qf a_na I tﬁr&att i S
antiferro- @'g@ﬁ{i “ e doMBighpaime s, °rer?§§'ﬁé? "afiRscep Asgmbly
when deposi tiﬂd pRipértiest hamfo%bn TheJJOR lascmond 50i asthin gimmesgesordsistive Iagék,(10%1) f or |
producing a fom@ahmiedrrel@bheﬁwma# 0 whélisst diagiegs m@ﬂ 1|5th"! ping, & foggitudinal
bias in at |g m,éfo °r°5‘ a thlﬁfgf' b jﬁﬂ‘fﬁ g‘ﬂéﬁ?ﬁg“gﬁ
the mat er i al la ofslnm ishalite@en t Wo wglmm

- a Neel mhagnplie rnatmyevmmbepbamt!m f%%er 19 hasecqnt diaging meane {18y &0; i28) for/producing a

Iayer the t M Jaes & ing te in ' the central re-
transducer . Wﬁﬁ oy fﬁb&?.@bﬂn SofTBi ntal % en@bﬁ% m&m baihg of

ti f er r omagnedritog kempemmtutb®f the rehd resdeced Thearp roducelew sufﬂrEm tp agintzin safd parteof the central

magnet or esi s‘t’?"&?@aﬂ ‘PYBF! ﬁsﬁ ?qﬁ%&? MW“&%:dl ﬁ%ct%%?f%a "a'P'Gﬂﬁ“"l aeer o Yrer re-
of e assenﬂ:&ﬂ:@yﬁ aé tivel Yoongzaﬁ Erﬁ%' ﬂﬂ'edﬂftec{ebfo said magne-
uni#dT r ect i ongl fieldican bd:ﬁﬂ ﬁéat.r\gehmaaﬁuf fag-20) COmMeasive Bydr vithim saki E8nEl GegioR 3o define

field can beﬂ%tm orra -admﬂwmlw@a#% oy in the

said cent raIpll Eﬁg ﬁ‘;’ &%&g&m&mal 2 ayg c felds which

ve layer can
t enper a- Hek@ﬁourgﬁe r Adhaiidd onrml stanc& e ture, an

t hen cool i ngamhlmum ahjakness of agout Eknins andfahgjn g-{?ﬁ- 2(0the as#emld!:bolmpha priged by the first biaS-

duced b feps a.dn @ spegfic imeptcMnEA | di g eci $ (1 %%asr'?
hater | al ya%%ﬁ%qmmamf rtagg,boﬂ ﬁaﬁaemales: N Icge:@'?\ ox '"Q%Eﬁ"'g dﬁ%‘mﬁﬁ% e

t hi ck enougraxhlbthtgredemdab Iresisthiity, Gind wo agda be deEeAtnmdaemsrmalrmmansduoer assembly
t hi ckness of ’ ggg gnir? "" inRiging rain seid magngiorgsistive
by the fi rstwnﬁl.% f§2" g o s&%y ﬁg&a spect w%mm rod Vafisducer Aesembiy
means (16) m&mdnisasleémalrsh oNngl t Uas clifsed ihSchiin 1 or claim 2, wherein said magne-
25  dinal Wn PqR asammmmnm e%@ns ( 1 2tpregistive layer Tibrea Yiskness in|tha range of 20
ater sl of X Wrﬂs @ﬁj net or e F%R“‘,wagn&%%ﬁw rsgamatz%&v B3y
per meabi | i t ym layRP ukollyl @ r 0 850 &d.ﬁé%rne hich the first
transducer q mlaﬁf@ﬁh etﬁactgfp |ts qu?éfg . ﬁ‘m aahfgrrorgag-
as cI ai med |' en &P or esi s® @a !E end re-
o EEEEe R R ST
bi &%«currentaez Litﬂﬁd:% 3&3 'g; lasW’ w&rﬁgrf%%imbly
t ransducer aebesdﬂe &trarabb!ewdmlawnweoéieectrlcualclwmslnmdal 4of~hesm seid thin Simcbf anti-
as cl ai med | HPI'“% spacifi¢ pmbodimgab (NiFaRths 5 n’ﬁ “Q" es ve P°s°d° M“Fe embly
coef fi ci ent f sBacel BfrOfs 518 proyidOr €51 ssec\eﬁnﬁ‘uav m A Suthin fim
in the rangq:h9§l Haydﬁeedgﬁr:jsoﬂo ayoi ¢ raﬁd mtaﬂafhdslaaﬁidmestsm the

50 nm ing I22-r QSHIN(!«’ ness o*fa"
magnet or esi i‘%ﬁsﬁ Eg"g ::g% '{mﬂ?ﬁ >f il m b%%s %%Eﬁ 3pggmoly
a range of into ekfer Of A& manany pre nsé e ele-

first nm i s22;eisbouidavé the propérty of bheingsagily dat e .50 Thmermharlmtidetectorbregm |s| finqya:my'le in-

conpri ses a Rosited i thin layer @4 § astinj cs of N °ﬁ%f
For” he et | S B P R TR ot A s"ﬁdi?::’é‘é’.‘l

re- nust al sa.shs,ec(ms otier Mmateras §d&ﬂtastkl£!)3r&t i 0 Of trdl hiégRe-of sgil GraBnedFesBive dayer which is
magnet or esi s$lQ:/€°uld be ysed. roduce nesses .o R Ign: nallngagﬁ.cpatdwetegt@mreglon. and
HELPARE L0000 e e T e N
chosen to prig fnSemiHneSsimilafh 5. z@re5| stlve rea

transducer amakmbhtygratm bmaiscmdsemmwfa i on 14 80R rhAgndtargsistivelrad tantdueer agsembly
claimed in c'hﬂiPMsesu #%Ihﬂ d%gg‘%%"tqﬁ thin f“;ju 0f80 anf§ claimeryis @ny pipRgHiag claim, fiyrther compris-
specific e tﬁ?@b suf ruques su l’a etic ”Egh?nrfﬁrﬁlbf sbf?mgéﬂ%malgfsposed parallel
MhFe. was Us&ghing@hd h%ﬁéﬁﬁog ic techniques.

to but spaced from the fagnétoresistive layer; and
magnet oresi stive read transducer assenbly The pumpans dor GHPPiY|D a@émaSIcgl%@HOEﬂldl@duc'
to provide as claimed in claim4 or cl ai%h 5tveprapsionagagtically pips,saq pagnetoresis-
physi cal spaci ng between the MR | ayer 10 and soft 45  of
antiferromagnetic material has a thickness in the filmbias |ayer 22, since
separation is necessary for range of 10 to 50 nm these |ayers to produce
opposi te magneti sation ro- 7. A magnetoresistive read transducer
assenbly tations. Spacer |ayer 24 should have high resistivi- as clained
|n any preced| ng claim \/\herel n sald con- ty, should not dlffuse |nto

Y b1 S A~ o o o - - o



general, a very thin filmwould be desirable since Cains thinner filns
are nore sensitirve. However,:as a practtical matter, the thickness of the
filmnust be’ 1. A meginet or esi sti vEPP2381082Bhsducer assewbl y .chosen to
avoid very thin filns whose thickness conprising: and pr.operties are

hard to control. The MR | ayer 10 5 a thin filmnagnetoresistive |ayer
(10); maygelttalf ® Wére thin firh ivaalili Yoo idbsichtile A® a t hiclimess In the first biasi ng

mean (1 inrfep, ffil mimm vldphal range o roxipately 20 to
In a° %:F f o g??,fl}ﬁ tﬂ%m%r esi Stéo)}{ﬁés 'es‘PtP{% r9ag ﬁ’g?%"emi ?ﬁi?mb'y
bodi nment ,a I?a a thin film magheRFesisive Rger 0ffo); 2 | evel

suf fi ci ermaytbe fwmamwably it i basnen, lcksvmie the16 nusiirst liasingf m@ﬂnﬁﬁ)efgn mdu@m longiudinal

anti ferr&ge i ngl e SISty :~ Jhvd by
when depoaﬁﬁ% ﬁé&@rmssaa.ﬂm-seconc&m ng%gé@f%ge@ﬁg ' @?g'ﬂpor |

produci ngnagnsnhoaerlyfnban depaitedfQvér sheamatdpiait ab sosawmérhiasimma\s aé, 2m21)tf¢ra:mdm$e

che o R R %&?m&% en B D (e

mag- a tﬁtéunae& athb wn-hi gherle\te Sufficlodit aomntamrsaucpms:f mblaamral

| ayer, t H@wmw%ém'ewoisaismw p@ﬂuea aer 48 r mRgneteresigtive; Iayer jncey inear re-
£ 1 aNSUCSpemeitily, BL ek 2‘%1”‘%: ﬁ‘f’“’to WHE%E 0% ookl o6 bl
tiferr Omiﬁmaa c4n deekmry ing the g-t O Pr Ogidéidtivellayer within SeikOdefiival ezg.o efine

magnet or awfics matexal Ilauﬁeaboventm drderimgatempera- UNi di & detecliopiregion|sd thet ra#-ammgs thnget m h

lcjn;n t h?egm piris ioenw g pfgﬂ WN'TE?E%;W g’gg} os%%"es' " '?V"a?‘“

field carardigimame thicknessut aioltiQ ninjeird hngisgpi f er r omagssemﬁlpmlatram ethe fivbttbits

sai d centt?agﬁ""ﬁ'égﬂsdﬁ‘ Ina M@WQNEMW er| al E‘éﬁgﬁﬂ@)@e‘ sue o %‘ﬁ?ﬁ sgg)lo%g&n%;

t enper a- ﬁlﬂ%abeﬂ&] oflgﬁl' 5% FRurb 4
t hen coolektitsk High@elmidsisility, hibh REIstGRY] &dMa y ap- fsﬁveneaaaﬁhsanbepmdmyed
by magnetpregialle Mﬁ(ﬁfect\mi%hwplmetmmmablbct i ona#s dntdlaim f,iwherein sél‘meamm

gy ePYE
o o R ol

nm and rhenigw charameaistiveshgbrh ﬁhbk:fassrnsthehar@eofzm

is | 0
ZgigaLrt@l@m F‘?Pdad %‘ﬁm‘q E@'@%&lﬂf{ent l\/hpg Rmmagne%asi%e(magﬁ uce astsig;:i?kiyt
. a ng Ci in e
25  di nam, lcﬁlfsen am m&amd:etm -egi onsmésf.érgn a'}sog ifs fillnof dnitifeflomag-
mat eri al l@&ﬁ&pmezﬂ being Weed)fer be MRrlayet 10 mag nemmmmmmcm - witheonlyi spid endeg h

per meabi [? nside ““‘an’ﬂ"' ap- @“sm ; ex?' °’r@aﬁ!°"“°°
transducgi:“%g;; 7' yﬁ’&?ﬁ‘%m ?mglﬂ%gn %Eé%&% ﬂﬁ%ﬁﬁﬁbﬂs&mﬂy

as cl ai maglbiagithe kentran réglonWﬂet ®IRMaysn1 0o mig n et Or sxSdisinhdd\irecldin 4pwitbincsaid atdefijn af anti-

bi asi ng fchesan iahgles In @uMQqnbwlmeqteNlFQRj' conpofs@!!"aemeﬂwhﬁ@a“ MpFo. t; P "aby
cu nts, 30 3

T onZau; W%"Jﬁf% il ot 4 P °0, O Bl el W v
as cl ai nitih bias leg}eazmii:om m ssidyeforel n sam@e?mgom;ve I owth y
coef fi CI saligh tore iTAgN: ) nsauger RS

"l he’y “'?"‘m'.u dtoﬂﬁ?ﬁﬁnﬁ ﬁﬁ:ﬁ 5"%::10
50 nm i I!Q.a’hﬂ hdalu Wﬁﬁng I?db-hl €. eﬁ&w edaaisamegueda is d%ﬁnedbythe m-
magnet or dosited I"\ﬂ!!? 'ﬂl@g%n emenhusual I

a range dheiU et W%&m & anyaﬁ m i
first nmp &y&h shdh & AbosSart ur at erau resl jvee Sly SFOWHRER 341 S

conpri se$|0¢¢hldalsdhelusadof ant iferr orra - S8 cwdﬁigmﬂinallyruased.lsath dbhet:ti regerednd

for the NRAI o t d| rec %mﬂ‘"a

re- nust g ok -i- I}fgﬁ e rati 'sﬁ k's p 'Sf ssgﬁ' aly

magnet or qfdking intedra mntcaipg) GianGaERm-E S 0 tEEAMBg e‘ﬁdf&fstkaea’dﬁdnédb@r assbibly

film bi adng M%Oi;sses inclatiel si¥or ofa*lle thip ang; byeo e x eshelaimeg! ity Raysrergdingcgiaing, Jurtherrrotpris-

chosen t 40

o ERARER SRR, B i

claimed in claim4 erein sal dthin film oheanatfarsupplyog;erblaamgiemtobaldeonduc-

speci fi c enbodi ment, N FeRh f er r omagrfét i tivefaeaes 1P magnecalbhigsoaid qnaghetamsise

was used for |ayer 22. 6. A nagnetoresistive

read transducer assenbly The purpose of spacer i de

as claimed in claim4 or claimb5, wherein said thin film physical spacing 7
between the MR | ayer 10 and soft 45  ofs antlfﬁnlmmﬂm"mmrl al has a e
thickness in the filmbias |ayer 22, since sepa ry for

range of 10 to 50 nm these,l ayers .toroduce oppos?te" m¥gnét|§at|on ro- '
Bl e i et I jambaver 24

con- ty, shoul d not dl'ffuse i nto elther of the Iayers 10 and ductive neans

o o o o o o o ~ o " T Y




~.mai ntain said magnetoresistive layer in a high steht. sensitivity
indi ti on whereby signal sensing neans 6. Magnetresistente

e seunf or ner nont age ge- ‘connect edep® A8ioez Bpnducti ve negns can. det ermi ne
\B Anspruch 4 oder Anspruch 5, in der der besag- the resistance changes in -
ni d magnetoresistive 5 te dOnne Filmantiferromagneti schen Materials

| ne |10y Rerawith Arahevblsd bigdof0f 1eldl ButfideR! dS théé'hnﬁfﬁrﬁmiaéﬁa@sﬁ%ﬁﬁatenalﬂa@skﬂnﬁeme-
r e| ¢ maintain] gaidomagnbOresistiven tafyaucin sit highed t hestetin

ér‘ﬂ’@e‘r!e%@ﬂr? ll‘?é? ?"@QWE Qeead
e R w;::«mw;mmg%mﬁ% A e

cI ai maayed a8 Cluadion & thatfielie wiiichsee Itetclptn T 1 | DIBKe irf Bérbich vdAL$0 BRSO aBwbist t m tte|
in Ab§E' B an Qrdnetagnsanet ic material % Maermgg@ UNfOF@N"PmaQe, ge-

e % ﬁf'
geggeltﬁam E?;ﬁna )ﬁleFHﬁh urc dl gif ﬁ%&%% un %@Dﬁ%&ggﬁen-

s cl ai he @A magneBiresistiveJead nass@mblyvher ei ne dunchctiet lhmenréndeeddn(bsiagmmwlmbn-f ilm

_sofgs SAAge m%f""azf’ "'?"‘“.t;f"““‘% than e ANELL bl
fi
Lies e uTtdgheidrés @g,e ge- et or el sti ve gy Qﬁaég:l der,zorangehees::en Anse;'nﬁ:he, ﬁ\ g:;

maB ei nex degnerammnged@emdaauoensmrﬁc hes | die Gertralé Zone d mmgnesésisteeterr ead

t:r ans dlycas claimed by vpfegﬂs‘lﬂg dirip, digpaseddpe ZoneSehisht phne eltﬁﬂ@m i n
bly adWe®hIPenetF 8% ny preceding claim di s%&%ﬁmﬁ emﬁ'ﬁgfspammg

Vor spmagspmbangsnchtung, di e tween =17 wird, im wesentlichen von
besagt e Det ekti.onszone und mi ndest ens 28i ndéFeslbenGeiBe Bk agt en mittl eren

Zone?, | b, Nagnetepisients, Leseyseipmergntres: @Mt anspr | hdlagnetresistente Leseumformermontage ge-

in ngfnggg,{ﬁgp,gg,e@; siefohte Scrifthi (fb); | M wesent | i "mr?e' Yprangehianden, AnpEishec
Si nd. eiste VorggaRhungeniitiel €16} mrLdasseuaifgaﬁg‘rer rfDn*enﬁ@&iﬁmﬁﬁFﬂm weichen Magnetischen Matenals,

Magne%i MnMUEaes'e ugsr ompgnetresiste leqwt] magnetresistenten Schicht angeordnet,

g? ﬁl glhine whzu halten; mﬂn%ﬁfét e %EW@M%[W ﬂgg o

Er zeugweity Vorsparinugsmittel r(t2120,R21) fir wiei Erhen nma istente) Sdhicklr ieinb sVorspannung in

Lange V pun 'ﬁ't erpo relc qer Hohe anzulegen,
n’&gnetz;"ase mﬁ?{‘ﬁﬁgﬁﬁ?ﬁ) %&%‘ Sc hkﬁﬁfhoh ‘Wﬁl’&?\s rﬂd%nﬁ in emem Zu- .

ausr eigehitht, weébai di rmebst andsegm & prech!d Mnayruaat a:eanes.temmm
Schi cHeicht umeden @mgtﬂuiqﬂemdmm@n mne den t t e| afgepchig¢sen sind. V&gmdeiggl

Vor sp “%‘ %’F%Z‘?H"%QI‘ ﬂ' ‘a5 besagter maegnet;egl:gm varger v eq‘
besagtigumish ((igBoy € 'e

mééhamaaerhhesagtes:m T SpAnUN
20, 2 Schiéhfinnethath rbesaqmagﬁﬁérere&me aget e Schi clot Megnam:stbfm mv@

ns an

ei ner H'H e e i n- mig@nsp ayrip ider nper Film ma-

ausr eig ‘ g’ﬁ Jans @i nd ﬁ iﬁf (354)

sz scm rc':fw-: @ m&t&h&s&h&taﬁnte Scmashhspruame A omozm:ar nen

: neqne nten st andinnerhfdim \qurpﬁn magnetisthe (Majerjal diint en,
ngqq ng; S8yt e QJ@*'?%. etresistente Sc
anspr %F nur régmd o dia%g ttﬂgﬁ réﬁiae or Jdﬁh esﬁxu F :gtg%ei-'
der mEnaio_ﬂirenz)Zmem étresu&érgms icits@en Si Neshedlingynitische sﬁsamd:sm angeodnen | N

magnetﬂeﬂﬂi '!sq enten Schicht in ei nem Zust an 35 besagber
e

magnet f Sinodr g‘t jﬁ B2 Fungt i ntwort zu haltén; und
on  derte Sehichtalis Niflé e a ge angen werdelnunlalactrhedmﬁrfdeeéctu(elraagn&&;s.s-an
besagt eanﬂm esnontage rgek onnen tif, ®ipiecdnt - .i nner haj b er bes(ao(a

mtti é?’@rﬁ"’gs%mb@%ﬁg ?ﬁ stente ﬁ%ﬁ%&?ﬁg&éﬂé&g n10;) pour

schl o f‘*eonsr egron zusdefi dansNader
besagt ea. ﬂﬁgimsisﬁmb rmmﬂ:fommhaﬁgéNgder st ands::emle sisnve,dlerpomtphtlongm-

JnAs ¢ chej PRt best elffinale niypa syffisant pa hen
FeI derﬂ‘lsﬁﬁe “",?:t'lgchmeen % b§§SI st ent %ﬁ%ﬁﬂ}s u"s g
W5|Cth Wbrtakt fkt fur eﬂfEh&Bﬁﬁﬂtd&' hight a sse%n&nﬁ@@r&rdd@blarﬁatbdﬂa zé,mpr uch
10, i rsaglew dmsezgslao Sehich numebadagte det ektnourepmdumwde fansvefsﬂe au :
,dOfmerV"FsP? pURge i e:ﬂﬁ'&ﬁ%t F%hé’ﬁ'sl\?&t eri al scﬁg“ll ot n‘: Efbn
LT el iy Scsuntonfiboksgh (Bl & besadhing Geighks
l-

sHepruchdl, i depdéd oesaGs alinns F dadd di eveisale agnt duM:EIeat!LQﬂﬁsant pour conser-
:ﬁ};;MagnetreS| stente Leseunfornernontage ge- te Langavorspannung nur in den
esagten zwei maS ei nem der vorangehend ndzonen
) der magnetresi stenten Schicht er- schen nagnetlschen AbSChI rmungen

ordnet. zeugt wird. 2. I\/agnetre3| sgente Le m Immmm ge-
gRad| cat ons maS Anspruch 1, in der die besag M‘ m 50 to
. aus Nl Fe besteht. * ¢ Yn Ml Sc fransduct-eur
e O NGt or e o Magnet rasi o LS ; _Leseum‘ oL rm)ntae ge-

s AR e e B SR

B couche magnetore5| st I ve en f| I m i nce: (10) magnet re5| stente SChI cht e| ne .

e s o o o -, . ~\ o ~ N




de |l a rngl on: contral e de la couche magnetoreSI sti- nations de ré6sistance
dons | a couche magndtord- ve, St
sistivs on foncti'on deg chanps qui Yeps@iieodedBA - - des noygns conducteurs

(18, 20), relibs Ala ceptes. couche magnetoresistive dans |ladite r6gion
con- 5 10. Le bloc transducteur de | ecture magnetor6sis- trale, pour
definir URG dnGRdd8 e %oﬂ@ﬁrﬁﬁl;ﬁ' ot cbtitl dafle 1 T UCmbydnd GUALEUE BlidsB dBtomiied Rs va-

I oquol |l e d‘eud négion am&u émas@so det eciiatiéns lde sssistaiice ahrisOd Souchd niagdtddé-
mat erv’au etl ue de Ni FoReistive emlerctierées champs ayi Yo pent) inter-
det ecti on cg °§£§ at rgnsduﬁ"éjl loég; Gl MG g%n% !

|l es ch armaraﬂa Qﬁelr nnaaa | & cawide lak 199, dané W06l o Fbegie .
de la revemel i Uapdlasm dwerdése'arm deosissi St i vanatériau magnétique doux est composé delN)FeRdans
[oquel 1e i %aﬁ%‘é’% e A | quc ke co
quo les pramn@'ns:o est pl'us “m nce quey Fle it ik \ithignétique

noyens de cp(bloalétaeiawmam s6 b6 e guanibs prahlersqu | I siommsmlmmincddne lalcguché magnétorésistive.

d b s(ﬂ"ﬂ%’? d qur agnétorésls-
| onr e A e T i i v, . o YT WAGHn et

| esdi tes rgadoreshivej extr6mt de Ia @s)uche ma- se entre des 6crans
magni ti qy |-° CI@\)GIUI’O magnéforésls- 15 2. Le bloc
transduc "F kigpehemat | de | a revendication 1, dans

quuel I @Q&Iﬁ umdmgwgeqm mhdn¥Bre@ist conposie de N Fé&. 3. Le bloc
nsductriedsrladerehMuano hRabendietior 2,t f 20le i a revendication 1 ou de |la

di cﬂ%ﬂsdﬁqu"!' s'ﬁmune@q«el | a couche magnetordsistive a une
dpal s- s8 a4 4. Le bloc transductour de lecture
magno6t orsﬂ mna sréaaufm déanat i ons pr6cedentes, dans |oquol |es

prem er les prémiep mbmna@enommn pren- 295 nent un filmmnce de mat6ri au
antifenr8 Wﬁ%‘gﬁgwmaﬂﬁ@eavec | ea rdgions d' extrénite de |a
couche ﬁlgegﬁs Sﬁ afin de produire la polarisation

| ongi t udiprdilire i polafsalonriorgiudinble ar padrisat 30

5. Le bI PE uc euraﬁe| | ect ur gne@‘breSI s- fif de la revendi cafton 4,
dans qu }gﬂ%ﬁ%ﬂeant | farromagni ti que est conpos6 de
MhFe. Giqed | est (OmpdRE tddr € magnetoresis- 35 fil de la
revendl cMnFe)n 4 ou de Ia revendl catlon 5, dans lequel e filmmnce de

mat 6ei au |s§%ur conprise entre 10 et 50 nm 7.

Le bl oc ﬁ fﬂmg&% °"' r65|s- 40 tff de |'uno des

r evendi cafagrﬁﬁqnearu Omprid aamre 1ethsoI | esdits nmoyens conduct eurs

conpr ennem d% | 6nent s conducte rs Iaces a distance |'un de |"autre,

ladite rﬁdbﬁ’f}.ﬁ%ﬁﬂ?ﬁm I8 “%Iﬁff’ B4 les bords interieurs de ces

el ement s jgg@dh bialite Alofens dondudtelirs gemfemansduct eur do octure magnetor6sis- fi

do,rune dmélmmwaamm@tmmm dons |oquel ia r6gion contrale de

| a xhuchgauy : égﬂ "éI’I""%Q%' pgs pol aris6e | ongitudinal enent,

| adite r RGPUES ane sbi-€ au mins de la region 50 centrale

dons | aquede naruep nuiaaﬂdm@répmams, gaisi on transversal o sont pratiquenent de
m me di nﬂﬂqmlbrrégmoemetﬂamomhaMMM&r de lecture magnetoresis- tff de

| uno de mﬁeﬁﬁ gﬁyw °corgy pronant en outre:
5D - un i ldah¥ fig ignque doux, dis- pose parallblement a

| a couchmmgsdtwme&iq;bmmdemﬁmdﬁnaﬂsn@tance de ceI le-i, et - dos nobyens pour
appl i quer ?Ar\-eé’l?& ®fs-aux noyens conducteurs afin de

pol ar i se rI'?"e R FE°CoucNe magn6t or dsi stive par une

pol ari SatlmhﬁlurmedmrnWmIdaguaﬂqﬁudneaus-suffl - sant pour maintenir cotte
couche nagpeeé paralidiemerit A Iy couchermagndlorésistive de sensibilit 6el ev6, de sorte que

| es myensmggmﬂmmguﬁlmderp%“% 3 ces 856

sation aux moyens conducteurs afin de polariser
magnétiquement la couche magnétorésistive par
une polarisation transversale d'un niveau suffi-
sant pour maintenir cette couche magnétorésisti-
ve dans un état de sensibilité élevé, de sorte que
les moyens de détection du signal reliés & ces 65

* [ L M H *




