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: GNETORESI STI VE SENSOR & METHOD OF MAKI NG THE SAME The present
I nvention relates to a nmagnetoresi stive sensor anMEt hod of making the

same. |In particul arrhlsmgtmpﬁwexgylaugdl vely, the pre y:p itiegn rel ates to
nore particul arAvy %g

magnetic recordi ng 0
heads t herefor. rvag ﬂm‘lngEENR) heads of the c@'\'t y renF typ«f‘ge
derived froma head a barber pole MR head, exhibit a skew

read sensitivity function primarily due to the variation i n distance of the
contact edges fromthe input surface (the sensor's output is proportional -
to this distance), particularly the sharp corners between the contacts and

the MR el enent. The problemis IIustrated I n Froure 1, mhere the VR

el ement 10 oxt AMAGNET QEEMSTIVESENSGR & METODIOR MAKING THE SAM
canted across the sensor at approximately 45 degrees creatrng a sense
region where current | primarily flows (perpendicular to the contact edges)
across the sense region at approximately 45 degrees relative to the MR

el ement’' s nagneThepresent invemticarelyles td 3 maierésistivei sendob 8nd e fhidd b th
triangul ar regi on 16, current flows at a shallower angle nore paral with

the MR el epppt Etﬁtdopékc}iﬁﬁ'te% ! egbg'gseh{ 1nbﬁ1tioﬂ rbBRs f@ﬁ%@feugfreéopcﬁ Lﬁense

regi on. Because f magnet Il zation ro and resence sense current

inthis re e |t, the read
sensitivi tgfsggtwg tnﬁﬁﬁ ?ﬁ%}rt%'t’ﬁhﬂtemﬁg% or srrs ’r‘t'etﬁga r’r@f? 0é’ht t hus producing a
skewed read se trvrt e read sensitivity, function we discuss
herein is.the s §?et“?‘9 fti?’e%)ﬁ’éa%‘éﬁs%‘rc% d-qugrent Y derived 4vom p BeadeiB®r £ or
a nicrotrack of recorded information | ess than one micronmeter in width. In
Figure 1, keewmess barberauolesMiR head, exdiibity skewnd readsensitivity funeion primartintactos 12
and the magneti zation vector Mis transverse the direction of rotation.
Accor di ngl the varigtiancintdistdncé 2f thielcbntact edgdsefrarh decinpitautfiee (thersensar 8dugsit &f t he
medi a disc and the other contact 12 will be closer to the outer radius of

the nmedia gicp6rtiondlo HEadisBacs] ﬁdrtld:dléﬂyf 48 hdrp Botnefs Hebiteelfthe EdhtRts drdl s Mrat ed
in Figure 1 I's shown in Figure 2 as l'ine 18. Due to the presence of the

current VeﬁlE@Ent'. ’fﬂé? ?ﬁeﬁl ﬁ HRiSkats ffpﬁg@r[e 14 %fefénthg gfe 0 Sl 26 left to rlghtr.] d

cross-hatc regl 0 e rea senSItivity func 'S asym’re
exhi bi t's ains 1tgt?rréta!n ltﬂé’ con?arcgeth aq'cla !:an 0c1 zﬁz)t%sg de e g¢ sor %t approrlng;a%ely 45 Eiegrees

creating a sense region where current I primarily flows (perpendicular to the contact edges)
across the sense region at approximately 45 degrees relative to the MR element's magnetization
vector M. However, in the cross-hatched triangular region 16, current flows at a shallower
angle more parallel with the MR element's magnetization vector than it is in the center of the
sense region. Because of magnetization rotation and the presence of sense current in this
region, detection is still possible. As a result, the read sensitivity extends farther to the left
than to the right thus producing a skewed read sensitivity function.

The read sensitivity function we discuss herein is the sensitivity of the sensor vs.
location across the sensor for a microtrack of recorded information less than one micrometer in

width. The read sensitivity function for the MR sensor illustrated in Figure 1 is shown in

Figure 2 as line 18. Due to the presence of the current vector I and the MR element's
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,; . There are two probl ens when using such as asymetric_MR sensor in
app i cation such as a magnetic disk drive in which the MR sensor nmay be ™~
reqU| red to read both data and servo information from veryThﬁsaShéeOMésiy’eaqqiéﬁ

a magnetic disk surface. The first problemis noise and cro
of the excessively long tail on the read sensitivity functi lﬁwmm

Is the use of the sensor to read anal og servo data. Due to al
nature of the read sensitivity function, fhe response to servo data from
|l eft and right are not equivalent - thus requiring special conpensation to
make this application practical. One proposed solution to this problemis
to deactivate the undesired region 16 by poisoning the MR el enent

( Per mal | oymagngtizitionysetonMbin the arossriptehed aegion 16.Abp r¢ad snusitéviydhgtionr 8iis t o
substitute for the MR el enent (Permalloy) in the undesired region another
mat eri al vdsgmenetrivearcihexhiléts iasubseatially largeytail 20 exmgdiag ko tikilefin the Ggarenti al |y
zero. According to the present invention, there is provided a

nagnet or esi st i VEhe$@ iR Qivo pRsuNhsSwhsh usﬂ?subﬂ‘éﬁ%yn%ﬁetﬁemls&%r i@lae{nta%ﬁédﬁgnt he
MR el ement so as to substantially elimnate the undesired "rea

sensitivit C g
the pat t er g AP LBaB b dhind in SHHAERIN Rk O T 08 rfliied PRd "@f? gl
certain zones of t enent ''s boundar p.as to nat e t he

i nt er nal d%nagn et ‘%ﬁ%NBPF‘e‘fe&n%{PW H@%‘g 8%‘#‘82‘ SMP‘EF?F%:{]? IS RIORERE ¢
to fracture _into nultiple domains, which in turn, causes Barkhausen noi se
when the enQiseeAnd qr%SSﬂ@E@C%S%Oﬂ% graessively lang taibea the reagsensitiyis) fupetignet The
flux of the permanent magnet |ayer at a boundary (essentially proportional

t o t he nagseetndziattheowsetaf tessensos to ead @nglog kérvq dats s Duiedo ithel asympystrinel naturelof t he
sanme as the total magnetic flux of the region of the MR el enent that was

el i m nat edthaseadtsenstivigsfunttivag the Thiponsd 10 \servolatahfeorp deftmideright AFeome eqhifyledt -
fromintroducing an undesired |ongitudinal bias field in the sense region

of the MR @l epRifringIpediall PRiPEAHESNR mbleafislapSliciBoplachi@lr educe the
el enent’' s sen5|t|V|ty to input transverse nagnet frelds. Wen the

magneti zation Ghyd fRpERARGIGILY B AR TPrHiEm W achOf 22AHE ufidesfEd 13bndls ByC

H_JD

poisoning the MR element (Permalloy) by diffusion or ion implantation. Applicant's solution is
to substitute for the MR element (Permalloy) in the undesired region another material where the

change in resistivity vs. magnetization is essentially zero.

According to the present invention, there is provided a magnetoresistive sensor
comprising:
a thin film magnetoresistive element having at least one end having unsaturated dipoles

in the absence of a stabilising magnetic field, and a magnetisation vector M1 and at least one

bias edge not parallel with the magnetisation vector, the magnetoresistive'element having a
thickness t1 and the magnetisation vector being disposed at an angle theta; to the bias edge;
contact means for supplying a sense current to the magnetoresistive element;
a thin film permanent magnetic layer aligned in a substantially adjacent and co-planar

relationship with the bias edge of the magnetoresistive element, the permanent magnetic layer




boundgry, this is acconplished by..holding the magnetization times thickness
of the permanent nmagnet |ayer to a value which is approxinately the sane as
t he magnet.i zat i onyid $Heet iad Bknkeplicedf t he MR el enent. When the magneti zation

vectors differ in di pol e densities established by the nonment
di scontinuities rru%i“ﬂﬁl It is an alternative object of the
invention to use t nt nmagnetic field induced by the pernanent
magneti c el ement at the boundaries of th%Rpatterned MR el enment to maintain
the at-rest magnetization vector of the el enent at an appropriate bias
angle so that the current contacts for the sense current can be aligned

rel atively perpendicular to the air bearing surface of a nagnetic head.
This redu i [ 5 ' r.el.ati ' nt
of Tead and g Rickiet o) SCORAERATIRTE MY (B ERostPul e e Vel LBETT
provi de a djiPedoype flux guide into the active region of the MR sensor as a
part of the ovérall MR elenent. The lip preferably is stabilized at its
boundari es by pegaieuRaiy provigerbitwedrdte hiagnetdredistive CldnAl arbihe Gagh&tichagdrer n

t he permmanent nmagnet |ayer's nmagnetization vector and the sensor's

el ectri calandehamctesissiontthat | i p' s at rest magneti zation vector is
substantially parallel to the current vector. The |lip then provides
substantially no conponent of the sensor output, but rather acts as a fl ux
gui de for acti : by & RAAr S el oMbl of the invention to provide
boundary contr\cﬁilg{ gﬁula(ghae'ttai%n %’%ﬁ’% eiilﬁsmeei&é?fent usi ng abutting pernmanent
magnetic layers with |ow electrical conductivity. It is a further object of
the invention to provide boundary control stabilization of an MR el enent

usi ng abutting Em&dimmts oftlg pegsentdpeentionwilhaaw bedeserib¢dcwith cefereneautiotthe t o t he
MR el enment. Enbodi ment of the present invention will now be briefly

descri bed ascormpanyingr drawings,ooftwidctacconpanyi ng draw ngs, of which: Figure 1
is a plan view diagram of the essential |ayers of a conventional,

cant ed- current INRuRens rplardView [dfagrans BPME ebseftidl @A@rsSensdohbetitiorall sditdd Qitrehn®r
the sensor of Figure 1. .

MR sensor.

Figure 2 shows the read sensitivity function for the sensor of Figure 1.

Figure 3 is a diagram of a Magnetoresistive sensor according to a preferred embodiment
of the present invention.

Figure 4 shows the read sensitivity function of the sensor of Figure 3.

Figure 5a & 5b are cross sections along 5a-5a' and 5b-5b' of Figure 3.

Figure 6a is a diagram of an alternative magnetoresistive sensor having an optional
insulator layer.

Figure 6b is a cross section along 6b-b' of Figure 6a.

Figures 7a-d illustrate a preferred method for forming the alternative embodiment of
Figures 6a and 6b.

Figure 8 is a diagram of an alternative embodiment having a triangularly shaped MR

element which permits the use of less bias current.
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function of the se Figure 5a and 5b are cross sections

al ong 5a-5a' and 5 5 Figure 6a is a diagram of an
alternative magnet sor " havi ng an optional insulator |ayer.
Figure 6b is a cross sectlons al ong 6b-6b' of Figure 6A. Figure 7a-d
illustrate a preferred nmethod for formng,the alternative enbodi nent of
Figures 6a and 6b. Figure 8 is a diagramof an alternative enbodi nent
having triangularly shaped MR el enent which permts the use of |ess bias
current. Figure 9 is a diagramof a further alternative enbodi nent in which
bot h t he sensorFigerg %isatdiagram of e furthes altervativg esbodisnentinpwlich bieth she sensor and
magnet oresi stive sensor with a |lip design to nmake the read sensitivity

i nvari ant euintaotsl aagpomguctéd spiascto Poovide amdgietartiinive Qensbh@ith haipadesigeed to make
enbodi nent in which the inefficient portions of the MR el enent are renoved.

Figure 11 the réahddemitivay idbarint with Gippak! ve construction of an MR el enent in
which the at- rest nmagnetization vect or of the MR elenent is rotated and

wherein the rOtﬁ g)qglﬁ%m ﬁmEUnstﬂe g{e?e\ﬂeQ%%bWh f"ml MBCI??@ e a?lls?ft onfxor{s of

stabilized. Figure I agr am eneral1zed con

enbodi‘ment of th 7 t n. Figure 4 shows the read sensitivity .
%%sﬁée?ﬁ dm‘ﬁ%”l g ! !

lip stabil t he sensor of Figure 11 that may be applled to any
desi gn. ‘bﬁi@f@“}e& Y HPBYYEm of an enbodi ment provi di ng for a rotated,
at -rest magnetlzatlon %gﬂ%red of f contacts, and a |lip n which the read

sensitivity fundigwsdliisadiaggam %Myalfemaéw & RRUS{rECtioRAfian @’IR Fleglﬂlbml‘ﬁhlﬂ% the at-

diagram of a preferred |ip structure with an expanded rear region to
provi de f|1gst tagnetizagjor ¥ectorefthe M elamenids rafated and wheteinythe rogatéd gensdrois hlsat
the air bearing surface.

provided with a lip separately stabilized.

Figure 12 is a diagram of an generalized configuration of the lip stabilization for the
sensor of Figure 11 that may be applied to any design.

Figure 13 is a diagram of an embodiment providing for a rotated, at-rest magnetization,
squared-off contacts, and a lip, in which the read sensitivity function is relatively tolerant to
lapping.

Figure 14 is a diagram of a preferred lip structure with an expanded rear region to
provide flux for a wider sensor than that determined by the lip width at the air bearing surface.

Figure 15 is a diagram of an alternative embodiment illustrarting a hybrid contact
structure which yields improved read sensitivity symmetry.

Figure 3 is a diagram of a preferred embodiment of the present invention. The figure
shows a canted-current configured magnetoresistive sensor in which the current contacts 12 are
substantially canted across the MR element while the magnetization vector M of the element is

aligned along the width of the sensor. In the figure, the MR element is defined as a

substantially square element 10, centered between the gap in current contacts 12. The ends of
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6 Figure 15 is a diagramof an alternative enbodinent illustrating a hybrid
contact structure which yields inproved read sensitivity symetry.-- Detail-ed-
descriptions of the preferred enbodi nents are as foll ows: l,ﬂl e IS Belaced
di agram of ‘a preferred enbodi nent of the present invention. eclt jag e sepiace
shows a canted-current configured nagnetoresistive sensor id IlLJII
current contacts 12 are substantially canted across the MR el

the magneti zation vector MVR of the elenmesnt is aligned along the width of
the sensor. In the figure, the MR elenent is defined as a substantially
square el enent 10, centered between the gap in current contacts 12. The
ends of the MR el enent are_stabilized by permanent_ magnetic |ayers 22 and
24, with cheMBelemsaeare sighibided by pgraanens mageetis 1aesned andadd. oFheesmanenif err] .
The permanent nagnetic |ayers 22 and 24 abut the ends of the square MR

el enent, bmiagnetie layes22and @4tabutrthe Endsmfithe syrede|MBajrmeR6 bull ire sspansied therafrom
contacts 12 overlay these | ayers and have edges which cross the MR el enent

at appr oxisyednad1lgap5 26! Thetsensblctirédt cortadth 12 Bertiy Thadd tyeRnwdave édges ¢aithact s
chosen such that the points 28 and 28 where the respective contacts 12

across the,ganfie MR Liefieht £ 36prbLintalify B9 ic2AN hith tﬁee&u%ﬁﬁce%t&éaﬁ i oRtaeENt -

b
Arrows 1la and 11b defi ne tﬁ% l'ocation of the air bearing surface after

| ing. | hi ' ' | .

conacts 1-TACEH i Prds BEPaIbEGM e B
.y 2 , w u u i

regi on 16 Q9% 1P Sheghgsizonigl ceFF?éogﬂGr’}\ﬁgtei‘ﬁn%i | in the regd sensitivity

function on the left is therefore elimn nated. 7 Because the effective
sense current ilo thiseonfiguation, tesouse sugentildlaws betvecen daeccontagisi 12isubstantiplivict i on
I's substantially symmetrical and "square up" as illustrated in Figure 4.

The out putordly toma cagrabregich defined betweet theke twutintensertiohs, 28raad 28 ubd deesmot flaiwi

20 in Figure 2. Turning to Figures 5a and 5b, which are parti al

Cr oss- sect thestigh IhOMdleSifeddgioAnd dad tdaps 28. The elongated tail in the read sensitivity
function on the left is therefore eliminated.

Because the effective sense current is confined as above described, thé read sensitivity
function is substantially symmetrical and "squared up" as illustrated in Figure 4. The output
from region 16 is eliminated, cutting off the troublesome tail 20 in Figure 2.

Turning to Figures 5a and Sb, which are partial cross-sections along 5a-5a' and 5b-5b'
in Figure 3, the permanent magnetic layers 22 and 24 are shown in combination with
Magnetoresistive element or layer 10 and metallic current contacts 12. Due to the requirement
to control the magnetic boundary conditions between the permanent layers 22 and 24 and the
magnetoresistive layer 10, which will be discussed subsequently, the magnetoresistive layer 10
will typically be substantially the same thickness as the permanent magnetic layer 22.
Conventionally, the magnetoresistive layer will be on the order of 30nm (300 A) thick. As

illustrated in the figure, the preferred permanent magnetic layers 22 and 24 will also be on the

order of 30nm (300 A) thick. As well known in the art, the metallic current contacts 12 can be

THIS SHEET HAS 'BEENl
REPLACED




Figure 3, the permanent magnetic |ayers 22 and 24 are shown in conbination
with Magnetoresistive layer 10 and netallic current contacts 12. Due to the
requi renent to-control "the magnetic boundary conditions between the

per manent | ayer s,23he{ths BénREpldcEe Magnetoresistive |ayer 10, which will be
di scussed subsequ netoresi stive layer 10 wll typically be
substantially theﬂw&mﬂlﬂws as the permanent nagnetic |ayer 22 and 24.
Conventional ly, t stive layef will be on the order of 30nm
(300 [err]) thick. As illustrated in the tigure, the preferred pernmanent .
magnetic | ayers 22 and 24 will also be on the order of 30nm (300 [err])
thick. As is well known in the art, the nmetallic current contacts 12 can be
made substmasic sabstgntially hdeker thaaeithen the permasens agegtic or Miagyetorasistivelayers. In
Magnet oresi stive layers. In the figure, the contacts 12 are preferably on

t he order tbé fig@@nthe(cbO@Cs [12 rard Prefebabikon ihkiokder bh €00nme(1600 AJ tiscthodi ment has a
smal | gap between the pernmanent nmagnet and the magnetoresistive |ayer, this

i S not necessarwhilé thelpefpeedBibdtimeRRAECA sthaly £ip BetwRRithd péﬂnhf{edt $naghaSaa delich
that it is much higher than that of the I\/R | ayer. Wth such

conf i guratrh&%xetorrél?stﬁg'f'ﬁgv\iﬁt@ﬁkﬂﬁng&@ if4fd Gon ) e@ﬁ@emggkeé&sﬂw@ gsed in

U S. Patent 079 1S here rence as 1 s

fully set forth he ) Pat 018, erred t hod
for form nt ogengsgﬁ B’@k&éseﬂmf @gﬁ%}h{}% %tﬁe ysecfusvgélbs‘fc C&P&g‘} 1310 ‘Egﬁe

Fi gures 7a-d In the preferred enbodl ment, the _magnetoresistive

el enent i s‘eﬁ"éfw&lﬁ’l formedhusing-methods syeh a3 dispjose eV IPéthti YA vaygh isThe
per manent netic layers are preferably on of the follow ng (or sinmlar)
al | oys: ees%a']lmqrem]ed byapferanteony i€ fullyreef forthlheredm. Sk adgor P Saf5e018]037The
contacts |layers are preferably conposed of a trilayer of M-Au-M, but nmany
ot her condwuefetmd nratticdl for foamingen gepctbtwednshelgyers ddlibe disdvissed!if MEpGion @ \figges
edges at which magneti zation MVR is directed other than parallel to the
edge will ®xphibit a net external magnetic field at the edges which may
cause the el enment to becone unstable. These edge regions can then

“fracture” int Qn'ﬁxﬂ ]i% eﬁkﬁd%ﬁ‘@%i?%nﬁ“tﬁ%g&%%m?%is db@&l@ﬁx&ﬂlls Enleﬁ:lrgol? Eorﬁﬂ&e&l Qpe n

cancel ing the net ternal cen

the alloy Nigo Felg (Permalloy). The permanent magnetic layers are preferably one of the
following (or similar) alloys: Co7g Ptpg; Co7g Crg Pti4; or Cogp Smpq. The contacts layers

are preferably composed of a trilayer of Mo-Au-Mo, but many other conducting metals may be
used.

A single-domain MR element having edges at which magnetization M is directed other
than parallel to the edge will exhibit a net external magnetic field at the edges which may cause
the element to become unstable. These edge regions can then "fracture" jnto multiple domains
with the net internal field of one domain cancelling the net internal field of adjacent domains.

In order to maintain such an element in a single domain state, various techniques may
be employed, one of which is to apply an external magnetic field in order to keep magnetic

dipoles of the crystalline alloy aligned in the preferred direction. This has been know in the
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In order to maintain such an elenent in a single domain state, various
techni ques nay be enpl oyed, one of which is to apply an external -nmagneti.c. .-
field in order to keep nmagnetic dipoles of the crystalline alloy aligned in

the preferred direction. This has been known in the past agussSh ced -
bi asing". See e.g., U S. Patent 4,967,298 for a discussion tuﬂ i
domain problemand its previously known solutions. In the p .

amount of external magnetic field necessagyy to keep an MR elenent in a
single domain state has not been fully explored. See for exanple the

di scussion in the aforenmentioned ' 037 patent at colum 2, Il 3-4. W
believe that the proper anount of pernmanent magnetic |ayer is that

suf fi ci ent pasbapilongiwdinahbiasiagre Seagret UdS. fpatent 4967,A98 fosfa diseussion ofrthe singloR
el enent | ayer at the boundary of the MR el enent. Exceeding this anount of
flux - altbemaih ptdblem sad sepreeivudly kkeapsdiltipnb/R 9 elenment in a single
domain state - will act to decrease the sensitivity of the MR elenent to

(transverse) i npuhe pasthe BoLAMAGINE Bfaeﬂt@raﬁtrhagh&i&ﬁaaeae&ess(a&* PkdePaniVIRUT €)
between the |l ayers at their abutting end regions are equal, the flux

t chi I *t = . * ],
wherc ner BN e R ieln BHEVEPARDEP R Riblorca, oB b ol AL bistudii
| d j vel d d h

Pt cknesocteieRE BRI frent FORRRA I ™R | ayer. respectively.

Because the magnetization of typical permanent magnetic naterials to be

.~ used in the preWerhelieNsghatdhe properamouahoh RexmARanb mageskic dayer is thatsuffigient g VR
materials, the permanent magnetic |layer will be approximtely as thick as

t he MR | ayprodudecthe Fanevaagneyic fiuk af that/of the kdtyratedSVIB elameat lyeon the MyRdRy o ose
to the saturation value Merr]. Wth the permanent nagnetic |ayer thickness
t hus chosethe MRieclepidny. Bkéesediapags amourit 0@ fitik e kltifough it di@ sefves kekexptthe MEer
controlled, but there is little or no "excess" |ongitudinal magnetic field

in the centlglndiftal shipld &hdn stafe -tWAA aMRodeEitBR b\ nGiRvitP b (e MR RlhRinBtoM th
sensor performance. Returning to Figure 3 for a nonent, it was above noted

that in’Sogg, Sanld MPhlens:

Because the length of contact (into the figure) between the layers at their abutting end

regions are equal, the flux matching requirement can be expressed as

M (PM) * t(PM) = M (MR) * t(MR),

where My is the at-rest magnetization, "PM" is an abbreviation for "permanent magnet," and
"t" is the thickness of the respective layers. Because the My of typical permanent magnetic

materials to be used in the present application are approximately equal to that of the MR
materials, the permanent magnetic layer will be approximately as thick as the MR layer. For

Permalloy which typically has a square loop, M is close to the saturation value Mg.

~
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current'could flow.i.n..the undesired region 16. This current will not affect
t he read sensitivi%g function because the material |ocated in the undesired
regi on does not exhf#

. et Ha beedsi stive response. However, any current
flowing in this are the current that could flow in the sense
region and is there i e fromthe efficiency standpoint. A

a :

further inprovenent to enhance e electrical isolation of the permanent
magnet layers is illustrated in Figures 6a and 6b. In these figures, a
smal | amount of electrically 10 insul ating material 23, 25 has been

i nt erposed between the permanent magnetic |ayer 22, 24 and the MR el enent
10. This "spacer”" 50 which is preferably fornmed of an oxide such as
Al[err]gerr]. ¥ihdéhepeamarentmagretic dayer tiigkness dhusrchesen) potiondy aneslsmapretiving

| ayer and the current carrying contacts fromthe permanent nmagnetic |ayer
whi | e al sofiglds imithe MRyelementriaygn eontrolied ubut ¢tenpisilivde oenpilaxeekst tongithdindlne MR
| ayer in a single-domain state. Use of the spacer will substantially
confi ne al hagetic ekluh tifedentral afive/regloaE tHROVIR dMifierd fwhidhow MRl @ltef&® twiftidensor
which the read sensitivity function is nearly symetrical. The structure
shown in Riggygsnga and 6b may be fornmed by using a process such as
illustrated in Figures 7a-d. Referring first the Figure 7a, the

tional d i { i si b t 60,
coft “magneti o artante G FALTE b PARRRC R B SO0 G Wl BTG R *
oot o it g A S de e Tesip b1 L8 Cugant b 5Bt Fiech theysBeq SHrsiavicy

bi-layer lift off resist which had an upper section 67 broader than the

| oner  sect fusetiomebecquse therfpaterial dgcated i thegindesisgd ¢gion dees mokexbibibm al ter nati ve
approach.) In the incentive process, the MR elenent is over etched using a
chem cal emegreturesistivh réspartset kowesen,laty ogrddRflowingeinthib aea detraatd frosi the btitrynt

| ess than the overlaying resist structure. Referring to Figure 7b, the

per manent gagivald low &y Qe SeE eedietyarkiiy tHefdfodaidaeditable fHtim e Qs yr emdpdint.
| ayers as a nmask. This results in a structure, such as illustrated in

Fi 7b, wh ' , d from
t Ihgu lr\/eR A n? r% gﬂlﬁl%r ?ﬁngﬁé}gg% é&r@ﬂﬁﬁéé the ERYBIES idAatR O Ak perfnanéit Hah&

layers is illustrated in Figures 6a and 6b. In these figures, a small amount of electrically

insulating material 23,25 has been interposed between the permanent magnetic layer 22, 24 and
the MR element 10 to form a "spacer” 50 which is preferably formed of an oxide such as
AlpO3.

This spacer 50 effectively electrically isolates the MR layer and the current carrying
contacts from the permanent magnetic layer while also permitting the magnetic flux coupling
required to hold the MR layer in a single-domain state. Use of the spacer will substantially
confine all sense current to only those portions of the MR element for which the read sensitivity
function is nearly symmetrical.

The structure shown in Figures 6a and 6b may be formed by using a process such as

illustrated in Figures 7a-d.
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26. 11 After the deposition of the permanent magnetic-layers;—the-resist
is renmoved by a |ift off process. Thereafter, an electri aISin ul_at ar IaXer
27 is deposited over the whole sensor. See Figure 7c. Th < eenfeplace

i nsul ator layer could be al um num oxi de, such as Al[err] ll llll

anot her | ayer 68 of resist is deposited over the insulato dto
expose 70 nost of the MR |ayer 10, leaving small areas along the edge of .
the MR el enent covered by the resist. Usigig this resist mask 68, the
insulator 27 is renoved fromover the MR sensor with an appropriate process
such as sel ective chemcal etching or ion mlling to thereby expose the MR
layer in this central gap region 70. Thereafter, the resist 68 is striped
and the cont actReferping figst the Figuie Tae fiscopeantignal MR heask is dormedupgn & snbssrate onal
processes, resulting in the structure shown in Figure 7d, which is

subst ant i aioimprising asmseoaH0, hsof tmagottio shield) B2 anda kalfrgapeoxite layér @he enpl oys
standard chem cal techniques to renpove photoresist, the bi-layer resist

66- 67 of Mofveniondlyaoydpesddet adificutayoxaleC OTHEEVIR I efitdnt $0 BEHHE PrA¥RIinvedsion s
Further, the process shown in Figures 7a-d can be nodified to produce the

sensor str 3 | 1P ' t ! ' :
e Fl gur SeOEE oL piteaNitipdu s PO RYBAS! DFuShERSpcely YEhl AL o Terih Hich
ef ficiency of the sensor.,.ln the figure, th el enent .10 has  been

cont | gur e an 4Bges SEOHER67.85Bager g ¥ o eblion B S RRle 1k Ml BT gk
hand portion, 17 of rectangular MR el enents. So configured, all current .
f1owi ng betSHbELAR Hisrrative aPRreachy) R the ipventivg progqssthe MR elemgnt s oyeriched using
the at-rest MR el enent magnetization vector Merr]; Current flowing in the
cor r espondi ¢hgmigsi eichant such that the rasuliga MR elvment haswawidth siightly less bhnthe i n
Figure 3, operates on less flux than in portions closer to the air bearing
surface, rovprigingmésid stryctarer ows 1la and 11b and further, simlar to 12

Referring to Figure 7b, the permanent magnetic layers are now sputter deposited using
these resist layers as a mask. This results in a structure, such as illustrated in Figure 7b, where
the permanent magnetic layers 22 and 24 are separated from the MR element 10 by small gaps
26.

After the deposition of the permanent magnetic layers, the resist is removed by a lift off
process. Thereafter, an electrical insulator layer 27 is deposited over the whole
sensor. See Figure 7c. This electrical insulator layer could be aluminum oxide, such as

Al03. Next another layer 68 of resist is deposited over the insulator and patterhed to expose

70 most of the MR layer 10, leaving small areas along the edge of the MR element covered by
the resist. Using this resist mask 68, the insulator 27 is removed from over the MR sensor
with an appropriate process such as selective chemical etching or ion milling to thereby expose

the MR layer in this central gap region 70.
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region 16, has current which flows at angles substantially parallel to
Merr]. As a result;the eperation.of the MR sensor in such a regionis .
hi ghly ineffici en{hiségJegHgs 'g ese considerations, the use of a triangular
sensor and high re Aent magnetic | ayer is expected to reduce
overall current by[H[‘i’H'm "l ir but also is expected to reduce sensor

out put only 25% h nt of the sensor is enhanced. The
orientation of the MR elenent's nmagnetizgpion MVR at boundary 38 of the
triangular MR elenent is directed left to right in the figure so that that
respective magnetization vectors of the MR el enent and per manent nagnet

| ayers intersect their boundaries at approximately 45. Even so, because the
respective vectldierafigre the regiplcaB issiriped aed tiaicanfaéts 12 eub | ars tepositesi ang t he
sanme anmount of permanent nagnetic material as with rectangul ar el enments. As
a resul t, paherndRusihgomventidhahpocessesy resalting &i the spadtare shdwi ¢h Egdge BB wHkCH
could lead to donmain formation. Again referring to Figure 3, the |ocation

of the readbsigtaily thél saiie as AR trusRIBE g‘ho(v',\riﬁq:i@}e gEXi mum sensitivity) about
which the read sensitivity is nearly symetrical can be effected by

vhi ch (| _ nearly's fected by
ot gt of an Vo AR et b LA B el SRCD Sy bR By
head' i reoeard f t hat tic fl f t he disc' f

ey et or ERY WA 61 DBAL SEFEPR yONEGROR SR Ve Fslhc 11 gur o, | appi ng

may extend up fromthe bottomof the figure to a paint 30. This would have
no effect on t K&Tes: dhe proeess shawn BrFigss Yad cacbe mpdified taoproducedhe sensory t he
figure, but it would nove the initial l|ocation of the right contact to the
right fi gutctukhofsFigod byrekipping ithet sieps, illustrated imBige 7¢he center of the "sweet
spot” of the read sensitivity function to the right. 13 This relative
nmovement of th&igireSatpregats'a valasion designed ) amximizeathe Gutrdig effitendRoptement
with a thin filmwiter which is also physically |ocated on the sane thin

filmstrucesop. A BR fMukd, fhe MR lef¥ii 103ab )Seéihecoflﬁélffgcg gs;); trilgﬁgfalsf)iak R LRnfLe

subsequently forned - see e.g. U S. patent 4,96 ocation of the

Svact spars BT BRE ACHR SR ALPUAREIME OREHC o plibdly BPRE R D g

I's theref Cl“io?wiﬁ'gn geet%vleér? ﬁ)lle Gontacts 12 will be favorably angled with respect to the at-rest MR element

magnetization vector M. Current flowing in the corresponding portions 17 of rectangular MR
elements, such as shown in Figure 3, operates on less flux than in portions closer to the air
bearing surface and further, similar to region 16, has current which flows at angles
substantially parallel to M. As a result, the operation of the MR sensor in such a region is
highly inefficient.

Due to these considerations, the use of a triangular sensor and high resistivity
permanent magnetic layer is expected to reduce overall current by a factor of 2, but also is
expected to reduce sensor output only 25%, hence the current efficiency of the sensor is
enhanced.

The orientation of the MR element's magnetization M at boundary 38 of the triangular

MR element is directed left to right in the figure so that the respective magnetization vectors of
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A solution to this lapping induced "sweet spot” shift problemis
illustrated in Figure 9. In the figure, the MR elenent is provided with a.
narrow extension 32 to the unl apped "air bearing" surface represented by :
arrows 1la and 11b. This extension 32 can be called a ThisiSEét Haf BeenRieglktba hand
sense current contact 12 is provided with an el bow | oc

hi ghest point 30 of |apping tolerance (which is represe U@IEB!H 33
and 33b) so as to forma vertically extending contact edge _
unl apped air bearing surface. So constructed, the width of the "lip"

provi des the effective read wdth of the MR el enent, and the contact
structure nakes the location of the "sweet spot" invariant to |apping. High
resi stivi tthe HER plgment andergraanenamegticblayers intensech thegrboyagasiep pémmxunately 45°.

di sadvant ageous current fromflowing. Current flowng fromthe "lip"

cont act edfen3d, beavke thorespaotivgesces diccligaed, fluk axatchipeis actgmpliﬂmddishgahed :
this current floww !l primarily be directed parallel to the MR el enent's

magnet i zalgdafi anfahiosf pearRAtmbftietic WakdriaPAOWitkl Cectanfilbieeibiierld AQ AR the! O
the sensor's output response to |nput magnetic flux. This sensor

const ruct | g8 depdH8ond BRAD pABCaiBh0ieE'ss MHAG Ghld By e ffthucack

pOI’tIOﬂ I enen USSG nre atlon to t triangu

el enent of Fi gu FLou ification to t a esi gn
which el i nat égae%ef?fﬁgg o Rl ’-]-fﬁeafoﬁa e e Sty Byl oot e
does not have a "lip". ures,11 and 12 show a fundanental ly different
vari at i on. ey %&sw&) ﬁ@m{m\me é?aéﬁmnw iy Bqaalyéamgﬁgﬂfmmeeq cted b¥r 1 |
with respect to the air-bearing surface represented by arrows 1la and 11b,

t her eby f oepping aprockssnensssarsinghia filorhtadstopootyoldbelthnpat height' ¢f an'MBrhead's thin
Contacts 12 are applied "squared up” to the air bearing surface rather than
sl ant ed asfilmnwtiteg agd t@expoke e MR)Bleniear torhehdad Wi iiatiog hirfee So Rt siagnetié ar e
provi ded al ong the upper left and bottom right edges of the "dianond." All
these | ayefigx AbM tRlikes Bfface Way Gt RRURC sthéht iflcienti e For BRARSE, '15@156 ﬁﬁhre

vector MVR directed parallel to the air bearing surface, i.e.

right in t ite
polarity bg lIglég#ggﬁ%ggﬂg¥£hegg§?%ﬁg%ﬁgnet ﬁayer@i%@gpog fle edges,
t he magneti

rotates so° Iizﬁlﬁte?ie‘fnve o‘iﬂ‘ﬁ?’g&f@ﬁhﬁﬁwt@lgﬁnﬁaﬁégé &E%Qg“rﬁoaﬁﬁgggﬁlrgt%"lg% ‘P‘]tlal

location of the right hand contact to the right in the figure. This movement, in turn, would

move the center of the "swegt spot” of the read sensitivity function to the right.

This relative movement of the "sweet spot" causes a problem in aligning the MR
element with a thin film writer which is also physically located on the same thin film structure
(the writer will typically be formed of thin film layers subsequently formed - see e.g. U.S.
patent 4,967,298). The location of the "sweet spot" of the one should be accurately controlled
with respect to the "sweet spot” of the other. The shifting of the "sweet spot" due to lapping is
therefore undesirable.

A solution to this lapping-induced "sweet spot" shift problem is illustrated in Figure 9.

In the figure, the MR element is provided with a narrow extension 32 to the unlapped "air

bearing" surface. This extension 32 can be called a "lip". The right hand sense current contact
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in the figure. Note however, that the nagnetization vector Merr] of the
"l'ip" remains directed parallel to the air bearing surface. This is due to
both the different geonetry of the Iip and because the nmagnetization at

el enent edges t engls st Bl B@ARLJacaL! f parallel to the air bearing surface

edge. In the figur i ags provided with a separate stabilization
per manent rragnetigmw l lu ver, as suggested by Figure 12, this is a .
desi gn choice. :Th o0 be stahilized by extension of the "active

regi on" permanent nagnet stabilization |ayer 22. Because the pernanent
magnetic | ayer and MR el enent magnetization vectors are not directed in the
sanme direction, the anmount of pernmanent nmgnetic |ayer necessary to

st abi | i ze ¥2nie peyidadrivich anuelbeiv docated tahevenire bighest peinth#Q phlapping tolesanceisngs o

| ongi t udi nal biasing field nust 15 be adjusted. The adjustnent is nade
by mul ti plfgrmg velticaHyroxtandinecesxaedgevddan thewmlapped air dearing satfagnesb accor di ng
to the following fornula; wherein for a given boundary the pernanent

magnet i ¢ ngyhSthicdd, BRSwitGARE i 3irbPilesMhe Efidctiod thad villth Of MRSPIR! di&hérk,; arditfle
the MR el enent has a nagnetization Merr] and a thickness t[err] and the

angl es betwaer Mhid F@E&t% ﬁfcﬁt].onad}qh% %egpnsgﬂfjemyarﬁgﬂotl%fg% arf?{ilgigity

theta[err] respective anpunt of pernmanent magne

chosen such _t hat err] * tlerr], * sin(thetalgrr = err] * r

o nCt het dREEPRTOR: Bphet materah Y fbiaion BB RO AR 4ReRep s Fafren oh SRV ages.
First, the sense current contacts may be "squared up" so that they are

| appi ng i nvar i &ritrresh Howing, from the\lige cantact gdgs 34, adsdatflow resperdisylarly drpsp the

current | and at-rest magnetization Merr] will be oriented at
appr oxi mateslgy. 88 dirsetedrtllis cutrentftave will primarily teidirectod parhllel de therdR elemaeat!$  at
all, but instead acts as a pure flux guide. Figurel3 illustrates a

vari ati on mignetizasion vpeton®handtiisewill proeidd/Mirtlalby e torpbnesit tpakd 2asetd cgput hat
the "l eft hand" pernmanent nmagnetic |layer 22 is forned such that the

i nt er sect i RepdasRdapMt RRh¥Reflud he 1 ayer 22 and the MR el ement 10 is direct
parallel the MR head's air bearing surface which is represented by arrows

L1220 110, Aol gl bl M hodd 9P MR BB, v
portion" 17 of the element as discussed in relation to the triangular element of Fig. 8.

Fig. 10 show a modification to the basic design Which eliminates the inefficient "back
portion" of the elefnent but which does not have a "lip."

Fig.'s 11 and 12 show a fundamentally different variation. Here the rectangular MR
element is rotated approximately 45° and is provided \S/ith a "lip" 32. Contacts are applied
"squared up" to the air bearing surface rather than slanted as in the original design. Permanent
magnetic layers 22 and 24 are provided along the upper left and bottom right edges of the
"diamond." All these layers are patterned during manufacture with their magnetization vector
M directed parallel to the air bearing surface, i.e., left to right in the figure. However, due to
induced magnetic "charges" of opposite polarity being produced by the permanent magnetic

layers at opposite edges, the magnetization vector M of the MR element in the central region

rotates so that it is directed between these edges, downward at 45° in the figure. Note
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direction as the preferred MR el enent magneti zation vector MVRI, downward
to the right at 45. Also, the left nbst sense contact -12 can.be configured
so that sense current | flows only in the substantially rectangular area
just above the "lip" as indicated. So configured, the eetHas en Replaced
sensitivity function conpares favorably to MR sensors wi ﬂ““
transverse biasing - but wthout the loss in sensitivit

transverse biasing field. This sensor configuration requi res that t here be
no permanent nagnetic stabilization along the |eft edge of the lip area 32.
St abi | i zation of this edge may instead be acconplished by spacing the
sensor's soft magnetic shields close to the I\/R el enent at the air bearing
surf ace. Saﬁwevmghpéﬁhecmagnematlayefcct@rrM ¢fithe, Sip" aewaing direuitegy pacalleh teathd ait 62
and in the above incorporated '035 patent. See |ayers 15 of Figure 1 or 23
of Fi gur e BaringRedréacei rhisoiacie toobdth therdifferdnt gabmetty of the ip mad becaase'ttle anond” MR
elenent 10, the "lip" structure can be described as a | apping intolerant

"neck" secihgitizaioneclefEntcdgés tehdsUy aRyPieHipaghileSt©thd AP bedtlhigGlirface ddgel Ur N
is connected to the active sense region where current | flows in the MR

el ement bet Weeriﬁtﬂ@ﬁ L fh@ tfip 'ELﬁlprJ‘meﬁ wittPa ?@Qﬁ\&é éﬂﬁ%]l('laiégoﬂ gexﬂﬁhérﬁ rmagtneuc

illustrated in gur In"t ure, gl on

ref erence 46 e expande t reference.48.,..Thj s,,stru tu eis
L brerarr ey SPREFL R Sipkester Y dk12, B BHED S, o s i fe.
enbodi ments. Al though the flux density out of the |i |slessthanthat in,

the total Halizd QYLR"EﬁFﬁmEQﬁﬂBea?‘WGr‘Eﬁ%’éo“@}hz@P‘Pﬁ ggerof2- a | arger area of
interaction with the sensor's sense current. As a result, the read width of
t he MR sensor cBecanse theyperpaneit magpetisdiyes andiMR elementt enagietizatiorf veckass arstiiote
area so that each may be separately optim zed. Figure 15 illustrates a
vari ati on gifectdicinsansaie ditectiod, tiecamduntiof peinabnt magnetit tayefhepessasy 9 stabilizé. | n
this variation, contact 12' is not canted as is contact 12, but rather is
"square UPthe dbRfin structure of the MR element without introducing a longitudinal biasing field must be
adjusted. The adjustment is made by multiplying the amount necessary when the vectors are
aligned according to the following formula; wherein for a given boundary the permanent

magnetic material has a magnetization M1 and a thickness t1, and the MR element has a
magnetization M7 and a thickness tp, and the angles between M1 and My and the boundary are

thetaj and theta) respectively, the amount of permanent magnetic material is chosen such that

M1 * t{ = sin(theta]) = My * tp * sin(thetay).
This sensor configuration has two fundamental advantages. First, the sense current
contacts may be "squared up" so that they are lapping invariant and still provide a linearized

output because sense current I and at-rest magnetization M will be oriented at approximately
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17 sensor in this configuration yields a mor e hi ghly symetrical read

sensitivity function than desi n§V\AthasIanted |l eft contact. In the )
figure, the left > approxi mately orthogonal edges 70 and 72
interfacing with I| 10 at a vertex 74 approximtely centered on
the center of the he canted contact 12. One edge 70 is also

approxi mately orthogonal to the air bearing surface defined by |apping up
in the figure to point 30. 18 Cains 4, A magnetoresistive sensor
conprising: a magnetoresistive el enent having a magneti zation vector, first
and second bias edges not parallel with the nmagnetization vector, and a
resistivity that varies with magnetic flux applied to the magnetoresistive
el enent ; f‘h st Segapd, dbesnasrdias cHP" whish deessnon axeadigatiadls pulcinsteasl fotsy asta purg flux
second contact edges contacting the magnetoresistive element, for supplying
a sense cugwidnt to the nmagnetoresistive elenent, with the first and second
contact edges respectively intersecting the first and second bias edges to

i nhi bit currentFigl tavillustrétesovdriacion of thispproagh ehereBSthe MR leflefi s pafiétned
t hereby define an active sensing region of the magnetoresistive el enent,

having a syp@hedé Rkt Mind SpeFiBhdnt mafRae 158022 Is' ¥ihed dud a;'taﬁ#&;in@%g%t?ﬂgs edge

per manent nagnet positioned adjacent and co-planar to t Irs
of the mag IS5 ] | et e .0f. clal i di an

el ectrical Qcﬁfr‘l@%rszdteﬁéée}r{ra eglg ?al ﬁﬁi é}ep%ig eeﬁ%?%ésnéqﬁgpﬁn%%&eo e&?%\/aér

el ement and t.he rmanent. magnet.. .3, The sensor, of claim rein the
per manent ﬁfégﬁgﬁg&%ﬁt A% “ﬁ%ge p f ﬁgqrgsﬁ%g&gngpa@%v%ﬁé{ g?& iPeFmApgnt

el ement and has a significantly higher resistivity than the resistivity of
t he nagnet BAEHLS dayees ase initialky qhgg@lrl_n the same direction as the preferred MR element

magnetization layer, downward to the right at 45°. Also, the leftmost sense contact 12 can be
configured so that sense current I flows only in the substantially rectangular area just above the
"lip" as indicated. So configured, the read sensitivity function compares favorably to MR
sensors with external transverse biasing - but without the loss in sensitivity caused by the
transverse biasing field.

This sensor configuration requires that there be no permanent magnetic stabilization
along the left edge of the lip area 32. Stabilization of this edge may instead be accomplished by
spacing the sensor's soft magnetic shiel&s close to the MR element at the air bearing surface.
Soft magnetic film layers are illustrated in Figure 7a and at 62 and in the above incorporated
'035 patent. See layers 15 of Fig. 1 or 23 of Fig. 3a.

Referring back to Fig. 11, which illustrates a "diamond" MR element 10, the "lip"
structure can be described as a lapping intolerant "neck" section, connected to a "flux
expanding” section, which is in turn is connected to the active sense region where current I

flows in the MR element between the contacts 12. This lip construction is better illustrated in

Fig. 14.
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19 4. The sensor of claim1l wherein the magnetoresistive el enent has
substantially the same thickness as the pernmanent nagnet. 5. The sensor of
claim 1l wherein the permanent magnet has a magnetization vector .. ..

appr oxi mat el y equal to the magnetization vector of the” magnet or esi stl ve

el ement and wherein the thickness of the permanent nagpg

magnet oresi stive el enent is approxinmately equal to the t

magnet oresi stive elenent. 6. The sensor @f claim 1 V\her\m

nmagnet oresi stive el enent has a thickness t[err]at the f as e ge a nd.
t he magneti zati on vector of the nmagnetoresistive el enent has a nagnitude
MVR and an angl e theta[err£ relative to the first bias edge; wherein the
per manent rmagnée thinfgure: e dipmedsregiondsiplastangnce HE and thetexpanger tegion WAl a
magneti zati on vector having a magnitude Merr] and an angle thetaerr]

rel ative trefetdnee 48.r st bi as edge; and wherein the thickness t[err] and
tlerr], magnitudes Merr] and Merr], and angles theta[err] and theta[err]

are characteri zag dicudd Rl greferred ﬁF lrudruei gl fe edoSdlT previoud aéschibéd tiier 1 |
* sine(thetaferr]) thereby optimally redum ng Bar khausen noi se w t hout

subst anti aldpsainkd ‘”'R%Jugﬁ‘ﬂmesfﬁﬂcsdehb £ yfé’(‘j[h § e%?ﬁﬁa%h% ’%Ih kdﬁl@eﬂ!&?re' n

t hetalMR and theta e appr oxi e sensor

claim1 fur incl udi n permnent  m net _.positioned adj acent
Sha Cop ariPuE ben fromeh by S aRE ARAGE IudTRARG B B sbROES sfik BAeG:
The sensor of claim 8 wherein the second bjas edge is syubstantially,

paral | el t& & Freult,; the readiwidtheaf the MRosensgs can aﬁgﬂﬁpwerglyaadmsaed\m drewidghpof

magnet or esi stive el ement has a center |ine which
the active area so that each may be separately optimized.

~ Figure 15 illustrates a variation on the sensor structure illustrated in either Fig.'s 9 or
10. In this variation, contact 12' is not canted as is contact 12, but rather is "squared up." The
sensor in this configuration yields a more highly symmetrical read sensitivity function than |
designs with a slanted left contact.

In the figure, the left contact has two approximately orthogonal edges 70 and 72
interfacing with the MR element 10 at a vertex 74 approximately centered on the center of the
current from the canted contact 12. One edge 70 is also approximately orthogonal to the air
bearing surface defined by lapping up in the figure to point 30.

The aforegoing description has been given by way of example only and it will be
appreciated by a person skilled in the art that modifications can be made without departing from

e

the scope of the present invention.
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intersect the first and second. bias edges at first and second

i ntersections; and erein the first and second contact edges intersect the
respective first arfwwﬂmnum"m” ges ‘at the first and second

i ntersections. 11. ¢ e ﬂ aim 10 wherein the first and second
contact edges are canted at "approxi mately 45 degrees to the center |ine of
the magnetoresistive elenent. 12. A magnetoresistive sensor for sensing
data on a nmagnetic nedium conprising: a substrate; a nagnetoresistive

el enent on the substrate, the nagnetoresigtive el ement having a :
magneti zati on vector, first and second bias edges, and a front surface for
confronting the nmagnetic nedium wherein the magnetoresistive elenent has a
thickness t[err] at the first bias edge and the magneti zation vector has a
magni tude MVR and an angle thetaferr] réfaﬁ# ve to the first bias edge;

21 first and second permanent nmagnets on e substrate, the first permanent
magnet bei ng adj acent the first bias edge and the second pernanent magnet
bei ng adj acent the second bias edge, the first permanent magnet having a

t hi ckness ;t[err] adjacent to the first bias edge and a nagneti zation vector
of magnit dde MIRRgUCiOReSistiYe SPRSPRCAMRISHIZEr r] rel ative to the first bias
edge, wherein the thickness t[err] and t[err], nmagnitudes Merr] and
Merr], and anglthis filingnagnetordsistineleicmenta(16) hdving a leasioone@né haviegl utsaturbedrr] *
t[err] * sine(thetaferr]) = Merr] * t[err] * sine(theta[err]), thereby
opti mal | y dipelbs ¢ et dBa¢rick 208 stabilising enagintikoféld Satlasd MRdedtdivn VEEHHHEM) Gnki R
sensitivity; first and second electrical insulators on the substrate, the

first ins t t e firs er manent . magnet and the fi.rst bias edge,
and the s Eg & gtnogfeibﬁagsuﬁ\ﬁgg g?tt %@?‘Iﬁl & ﬁ&‘ttﬁeemgé%eglﬂﬂmﬂevgﬁtgﬁéﬁ? e UESISHYE ei)qu'tg:ng econd
bi as edge; and first and second current contacts having respective first
and seconli?¥iBh# Jurkness)l-and She magnetigationyeptor heing disnpsed at/an angliliste] inthe bias

respectively intersecting the first and second bias edge such that the
first andegggond contact edges inhibit current flowin a portion of the

contact means (12) for supplying a sense current (I) to the magnetoresistive element;

a thin film permanent magnetic layer (22,24) aligned in a substantially adjacé;nt and co-
planar relationship with the bias edge of the magnetoresistive element, the permanent rﬁagnetic
layer having a thickness t) and a magnetisation vector My being disposed at an angle thetap to
the bias edge;

a gap (26) being provided between the magnetoresistive element and the magnetic layer;
and characterised in that

M1 =ty * sin(theta]) = My = tp  sin(thetap).

2. A magnetoresistive sensor as claimed in claim 1, further comprising an electrical

insulator material (23,25) interposed in said gap.
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magnet oresi stive el ement and thereby define an active sensi ng-regi-on- haviﬂg--
a substantially symretric read sensitivity function.

claim 12 wherein the magnetoresistive el enent and the f| r';ﬂm H’mﬂm "L!‘L
per manent magnets have substantially the same thickness f

and wherein the magnetization vector of the magnetoresistive elenent iIs
substantially equal in magnitude and direction to respective magneti zation
vectors of the first and second permanent magnets. 22 14. The sensor of

claim 12 wherein the nmagnetoresistive elgment has a center |ine which
intersect the first and second bias edges at first and second

i nt er sect Bons; Aamsgnehseditivetsbisof bd ShinRAGn S18HO N Gr 20HE RRith &fé%ﬁstm{yeafiﬁé?t the
respective first and second bias edges at the fi rst and second

i ntersect g@&ﬁneﬂtﬁna%ﬁc ?Rrsuggtaxﬁfalgggﬁgfldr tﬁ%? g'r@slstubﬁ}f bt @%ﬁ%ﬂ%o?e@ﬁﬁpne of

contact edges are canted-at appr oxl egrees
t he magnetf) ese stive el enent.

4, A magnetoresistive sensor as claimed in claim 1 or 2, in which the thickness of the
permanent magnetic layer is substantially the same as the thickness of the magnetoresistive

element.

5. A magnetoresistive sensor as claimed in claim 4, in which the permanent magnetic layer
has a magnetisation vector which is approximately equal to the magnetisation vector of the

magnetoresistive element.

6. A magnetoresistive sensor as claimed in any one of the preceding claims, in which said

element has a second bias edge substantially parallel to the first bias edge.
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