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The present invention relates generally to 5 magnetoresistive (MR) heads
for use in disc drive data storage sSystens. More particularly, the
pr esent I nvention relates to an MR head havi ng separate per manent

magnet (PM | aygfa 1, of, EE@'MA@NETJRE m@cmNGE sSSP TrAYEATANON he

soft adj acent Iayer (SAL) . In order to provide the

required head perfor mance i n MBQRetMR HEADE ng applications, it is
desirable to stabilize the MR el enent (MRE) or sensor | ayer into a
si ngl e magneti ¢ domai n. Stabi OF TH er into a single

domain is typically achi evhd Hreswnt hénueac®bncadliatald ogénerasdpsao
geonetry,

apti - erro net i aer M ma netost tic caupli
| ayers, { ormﬁﬁA‘FgPFSﬁégﬁgﬂ c (@gup PRSI A9&r §5€ 40y S&nsdcr si'sn(jﬂ’{;i:é'1
SAL for verticaktbrage beybtehe.SAL MHpdet hpaWRilcayerly, tdfe t hprdRntead

shoul d be stabiljzed.ipa}o §F@gll5%sdoqgl n §0 MeSt e f ol é’%ﬁltgl TTSJ%%EB% or

per f or mance. over |l aid designs, the
are both ferronRgheaneat| yagoepl ML é%ﬂDlﬁplra?é?blllzatHé’ﬂeQérth@ MR hese

PM overl ai d deskgRgort RgyBeadna ther asirst %@%%c'e%tl ange ySi (22g,)n0 | ow
resistivit Iayers can 2¥ be used w thout af ct| ng?head stabl i tr}/ea Thi s

i s due Oto the fact thARt BFHFT hdMR %’é‘?ﬁé’o | afBf af@&esAL nust
be in contact wokkfbbeaRWef dn stajridtizatretording &ppiequedvhy, dd ave

resi stance MR hegad ULLLzin0 SALANG . cne ST LELALEM SIAR)! igAtdqapul d

be a significan rovemen RY
OF THE | NVENTI ONayer 1nto a smglﬂagweln@rtesq sitqmaen( MRSteddd fzmtisse 9 a

data the MRE layer into a single domain is typically achieved
i5 by the use of combinations of sensor geometry, anti-
ferromagnetic layers, PM magnetostatic coupling layers,
or PM ferromagnetic coupling layers. In designs using
a SAL for vertical bias, both the SAL and the MR layer
of the MR head should be stabilized into singlé domain

20 states for optimal head performance.

In PM overlaid designs, the SAL and MRE layer
are both ferromagnetically coupled to the PM layer.
However, in these PM overlaid designs, the head
resistance is large since no low resistivity layers can

25 be used without affecting head stability. This is due
to the fact that both the MR sensor Jlayer and the SAL
must be in contact with the PM for stabilization.
Consequently, a low resistance MR head utilizing SAL and
overlaid PM stabilization would be a significant

30 improvement in the art.

SUMMARY OF THE INVENTION

A magnetoresistive (MR) head for use in a data

storage system is disclosed. The MR head includes an MR



storage systemis disclosed. The MR head includes an MR WO
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- 2- WOORMRMT76| ayer and a soft adjacent |ayer (SAL) di sPpeBUE87/15428al ong a
| ength of the MR sensor |ayer and adapted to vertically bias the MR
sensor |ayer. A spacer |ayer is formed between the MR sensor |ayer and

the SALina 5 central region of the MR head. The MR sensor | ayer and
the SAL are |nde ndent | tabilpzed st _and nd er manent
magnet  (PREPRgerey e randit |20 F codrdorRt 1988 188 fispadk and R

| ayers in gheng iy Yegyomsobf the MRt rrerMRhebalyer Tang aldapwsda dayer of | ow
resi stivityc1Q;amhes i3t enlemR! acadopet the dddedr andyspcand PM
layers in t he fll rst angaésecon ng rggl o%gg?n ord eﬂ 3 ncgleq"ieower t he

resi st ance formere hgtwren. the MR sensor 1WEF<’=‘DES@ZHDT$@<I &R BHE DRAW NGS

Fi g;JfEsl(lA E:eaat@aag&@@mw ofi thusmahe@a* ﬁﬁhéﬁﬂR @mszg QY &h a?r!rl]d be?rl ngd
surtace S eCtJ \Y ea CCO ance wt prererre
enbodi nent §§‘z§f 85k Q nq]ﬁ(/% ot 1 2€ % by £1#3t g Feind

2 is a
di agr ammat ipe roaknlemst rm:_i;mmt (PM) sAaptents .f | r ShestRMpslayens natreodirof

fabr'cat'n%&ﬂyaédeg%qlgﬁﬁmgﬁ@QWQ ingkﬁuEﬁ %he w1q§ re 1ons g%gure 3

a diagramati secon I'n a method of
fabri cati nghehdRihead. h&hdssiadeWsn Fi b@Y%rlof low reSlSthl‘Wgure 4

s aqqdi agiy@AEIC +d |%&S§I@éé&nb8§weeﬁh@%n51‘kgtr dnst @Rdrs aemret hod of
fabricating the MR sho in Figure 1 igure 5

is a di adPdERs e TP %Fﬁét 7B Secon@hﬁi‘nﬁ’ﬁgr?%h‘?’?ﬁ o ¢ taorret hod of
fabricati ngowee MRe resistance of the MR head.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic illustration, as
i5 seen from an air bearing surface (ABS) perspective, of
an MR head in accordance with preferred embodiments of
the present invention.

Figure 2 1is a diagrammatic illustration

showing first steps in a method of fabricating the MR
20 head shown in Figure 1.

Figure 3 1is a diagrammatic illustration
showing second steps in a method of fabricating the MR
head shown in Figure 1.

Figure 4 1is a diagrammatic illustration

25 showing third steps in a method of fabricating the MR
head shown in Figure 1.

Figure 5 1is a diagrammatic illustration
showing fourth steps in a method of fabricating the MR
head shown in Figure 1.

30 Figure 6 1is a diagrammatic illustration
showing fifth steps in a method of fabricating the MR
head shown in Figure 1.



head shown in Figure 1. 30 - Figure 6 is a diagrammtic
Il lustrati QVrb%E 9676shovm ng fifth steps in a nethod of fabri Caﬁéﬁﬁg&ﬂ&%
|

head shown gure 1. WO 98/ 49676
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS; . The present

I nvention is based in part upon the recognition that, if PM

stabilization ofpihrrSAb DESCRIPTAORI @ve@inhndﬁgeadﬁnbl Emngth@NEM
stabilization of the MR z’r‘? sensor

resistivity | ayer & %?%% ?%t’r%’\}veist H@Sf%sﬂﬁ a‘??c’%t ofP?
head. To thi $renm‘ﬁcb|gnulueohdRLhaadsuﬁf PMhetpbéSeaatlon ofnvhatsmn 1stwo
separate I t SAL
and MR sensor e ed Fhephitlagny of ot IMPREAIAT AN GG Efip U8 C

are Ber r GeaGeat Llayery igoapbad, b\hﬁﬁﬁé Mﬁehﬁﬂdseﬂsb@‘”l%s%h‘dlty t he

other PM I ayen #is f&d opagngkiaakhy t@%»&‘é‘r tﬁ@ res:.s%@‘i'ﬂcfe' @l chewer
resistivity layér_ can _be sandw ched bet ween e two | ayers, thus

provi di ng st abi®ddy af@ 1238 | gy edifsttiheeMEt B %aﬁé ttlhr?e pfeseht

As : I Lust ][at edﬂv’édg_lng:lﬂe 1:;1“1%/R bepdr&eelggpm helayerpr eaest nm/amf ties

I ncl udes first ader . pac yer 130 I rst PM

| ayer 140 (de&néi% ylﬁ%%zﬁogl?nsf‘ %nﬁhf sg?rbsf%r o} YR Read
100), | owo020 Trree5| SALVl taynd ayenel500f degilgnat edo150A and aye@B | narke

Wi ng regi ons) ¢ Seeand. M avery Hloidesi gnated: A6k Bhsor 1a1A0EhA the

W ng regions), sor i/ cap | ayer second
reader gap 18%he Cﬁé'lq}’seﬂ"’ ayeRepr&RN felrép@taéﬁ’@éslqadﬂYam@h% 180 and
160 are 25  ijdEndemtdlo 1o6eHdecsiiicliali tdesi Hpat i ens e t Hesewlapess

In the wing r?&hﬁﬁiﬂ?%h@? M%Ppﬁeﬂégér%fe%hﬁé Eggvkggng stability and

alow

15 low resistance at the same time.

As illustrated in Figure 1, MR head 100 of the
present invention includes first reader gap 110, SAL
120, spacer layer 130, first PM layer 140 (designated
140A and 140B in the wing regions of MR head 100), low

20 resistivity layer 150 (designated 150A and 150B in the
wing regions), second PM layer 160 (designated 160A and
160B in the wing regions), MR sensor layer or MRE 170,
cap layer 180 and second reader gap 185. As used
herein, references to layers 140, 150 and 160 are

25 intended to include similar designations of these layers
in the wing regions or active sensor area of the MR
head. For example, a reference layer 140 is intended to
include portions of layer 140 designated as 140A and
140B.

30 First reader gap 1i0 can be, for example, a
layer of Al,0, or other known gap materials. SAL 120
can be a layer of NiFeCr or any of a variety of other
materials having low-coercivity and high-permeability

which are known to be useful for SAL vertical biasing of



head. For exanple, a reference layer 140 is intended to I ncl ude

portions of |ayer 140 designated as 140A and 140B. 30

First reXd29p8/49616 110 can be, for exanple, a | ayer of PAITERI7R¥R&®rr] or
ot her known gap materials. SAL 120 can be a layer of N FeCr or any
of a variety of other materi als having | owcoercivity and

hi gh-perneabi lity whi ch are knowT4 o be useful for SAL verti cal

bi asi ng of WO 98/ 49676

PCT/ US97/ 1549%¢ MRE. Examples of other materials,which c?ﬁebﬁﬁEgeéxanples
of other nmattesiplsedwde cPAL a2 DeatseiFeRht an@rwilbere SAL 120 are N FeRh and

N FeRe. . 3 ééfrlzif%xe&s@gaﬁaﬂﬁg% 3 genathep LEQE&%% ng
spacer materials typically used between an |I"ayer “and 5 a Lin
vertical bi ssPreehmafiresial Fovraratdiveissgaeerween an MRE lagercandbe
SiJerr]sor Ndzof rifd®ivdicalPMilaay eeeniduard 166y exam?@@,bs aber exanpl e,
| ayers of CoCr Pt hayvi ng thhcknesses of al&orom mat e{% 400%. However, PM
| ayers 140 alRYeB0130 CagaRep&2Ben@F AdeRri alfd! SWHPLs ¥obtasd &6Ri P.

Further, 10 caP¥d,ayersekdfipand l&Pecarncaritdre madenaf thiaRpasake PM
material, and.can have thigckn s ofher than_400A. Low resi.sgtivity
| ayer 150 ca?'nf bae?p¥%}?l%§<% el,§§§£600 YR ek Pﬁ P?’é?ﬁ? 6?%?“& E??W Ta.
Layer 150 caranlls® dthemdmtedrials stdierad GwhtesirsColiiPy nBuetheks such as
Au and b, agg Yaver& Ay A ik d hiGkNess 1 mRdk! b%uha%eE%E}E'cEabMO”S-

| ayer 170 can b d t J

MR sensor _ e any of a wide variety o nmaterials. In
preferred entREfRbnt s, aMRcan hayeneBickagapes7otier Nilkan 484H 1 afe¥ 180 can

be any of resBstvBvieyylHfermal®r icds oMy vxasededsaac0ap tRibR 20
heads. In a]rgr ef er, egrerrbo%i.gt;q‘ta,_ ILa er. ]18500 iésar]'aalso be\al\htinggef iotfst and
second reader®$abs°110%and 185/can be
other low resistivity materials such as Au and Mo, and
15 can vary in thickness for particular applications.

MR sensor layer 170 can be any of a wide
variety of MR materials. 1In preferred embodiments, MR
sensor layer 170 is NiFe. Cap layer 180 can be any of
a variety of materials commonly used as a cap in MR

20 heads. In a preferred embodiment, layer 180 is Ta.
While first and second reader gaps 110 and 185 can be
any of a variety of materials, in a preferred
embodiment, reader gaps 110 and 185 are alumina.

PM layer 140 stabilizes SAL 120 into a single

25 domain using ferromagnetic coupling between the two
layers. PM layer 160 stabilizes MR sensor layer 170
into a single domain also using ferromagnetic coupling
between these two layers. This independent PM
stabilization approach allows the use of low resistivity

30 layer 150 sandwiched between the two PM layers 140 and
160 to lower the overall head resistance. Thus, in
contrast to the prior art in which a single PM layer is

formed adjacent to both of the MR sensor layer and the



any of a variety of materials, in a preferred enbodi nent, reader gaps
110 and 18 @,‘@Hdm' na. PM | ayer 140 stabili ;e§n,§@h151@p
into a single domai n using ferromagnetic coupling between the two

| ayers. PMI ayer 160 stabilizes MR sensor |ayer 170 into a single
domai n al so using ferromagnetic couplingg- between these two |ayers.
This independent PM stabilization approach allows the use of |ow
resistivity 30saL| ayRe iaSQs&&md\Mrﬁ)i’eertlbﬂi wResv ids tyealbM 1 eyeasdl4@wand
160 to | ower the overa gw%ey sta Thus, in contrast to the
prior art in mﬁ?%hsgagcﬁg?g | 3587 | %me forned adjacent to both of the
-MR sensor |ayer and the FIGS. 2M§Sﬁﬂhﬂ§fﬂhte'various steps in a method

PCT/ US97/ 154280 icatin % head 100 in acéordance %ﬁht@%m%r esent
i nvention provi des sta 95 3? e} resistance at the sane tine.
FIGS. 2-6 %11 u@%’?ﬁ?ér@@r@‘b‘?@d’sff‘@%slchfatlh%tm&ﬁent ingrentainm catfilfy ¥R head

100 in aCCOfdaﬂEEth%QtéQ”Btm@l Btrker é%épgf@ﬁdtﬂgnhétﬁﬁdt he An-@SR
i nvention. FIG il lustrates st steps in the nmetho

Al t hough A3t %%% %fh Fefes., bﬁem%g‘ﬂ?)oc%‘éf%"t%t Fo PXETRH
with an Al si rrasglshbahrAlemagesadswrbheacaﬁrelre]irmAltberar]ﬂmmﬂzopm«se

coat, and a magpe e as |eI ?ﬂ %nte§ %du?}[_lel’g o§e€q‘8§£ 1§1Ferr%';r:(r?| On

top of this structur&™ rea eposl xt SAL
120 and smcermaayenamo On torapé dbpesstedcwreotph@)ffnfxrststraeemtelgagap 110.

This is 'Mysagah@go's@cébG Next, SAL 120 and“'@ﬁﬁécei‘slh%lﬂsh@%t ed in
FIG 3, photoresist i s deposited on top of spacer % 130 in an
area whi cRT @i @?Pﬁéééﬁé PRetabt P@efll€§Foﬁeéfde§eﬁ§8r 1&t°ea Bds is of
the MR head 109011us€teaveatinngiby, 2.a self-aligned et ching and

lift-off process has beeﬁegé?dagoffyggg%éted in FIG. 3, photoresist

i5 190 is deposited on top of spacer layer 130 in an area
which will become the active region or sensor area 200

of the MR head 100. Conventionally, a self-aligned
etching and lift-off process has been used to remove the
spacer layexr outside of sensor area 200, and a PM layer

20 would be deposited in right and left wing regions 210
and 220 adjacent the remaining spacer layer. However,

the preferred method of producing MR head 100 of the
present invention differs significantly in this respect.

As illustrated in Figure 4, spacer layer 130

25 is removed from wing regions 210 and 220 using an
etching process similar to that used in prior art
methods. Photoresist 190 protects spacer layer 130 in
sensor area 200 to prevent the removal of the spacer
layer in this area. ©Next, as illustrated in FIG. 5,

30 layers 140, 150 and 160 are sequentially deposited on
top of SAL 120 in wing regions 210 and 220, and on top

of photoresist 190 in sensor area 200. Thus, in wing
regions 210 and 220 the conventional single PM layer has
been replaced by three layers: first PM layer 140, low



spacer |ayer outside of sensor area 200, and a PMIlayer 20 would be
deposited in right and left wing regions 210 and 220 adj acent the
remai ni nYOSK48ES6 | ayer. However, the preferred met hoBCHUSHY5&%ci ng MR
head 100 of the present invention differs significantly in this
respect. As illustrated in Figure 4, spacer |ayer 130 25

I's renoved fromw ng regions 210 and~220 usi ng an et chi ng process

simlar to _that used.in prior.art nmet hods. Photgresist 190 protects
spacer |ayer T livnldcy mQ% gsé?YSFe&%o”{% Preve tgﬂh aryeerfo\%a‘?o of the
spacer Thigyaérrinlayes g ed.so Nxdgs aed |[dJustomated phiottdtesBst 30

| ayers 140,; dp0 and 160 are sequentially deposited on top of SAL 120
in wing regions 210 and 220, and on top = =~ of photoresist 190 in sensor
area 200. Thus, in wlRKt: as ridgiwstisranesd s Bbminened convehit oplf singl e PM

| ayer has procdm@en ikephased oy thrneeel ayssordéist BMd axgn 1dke | ow
WO 98/ 49676 . PCT/ US97/ 15428
- 6- r QA RT P et TRy 150 AP LEh AIRRT HIRT GBREECR- Thi s

tri-layer iBhalsesdkposst etlaon tthep fofrgthob™r 2ayysr 140 1H¥H).divided

Next, as ilJ I L 1. Rl Gur . I f1- . p e [ se 0 renove
phot or esi stlﬂl%%) pggnrcefdltdnr{aé 14%‘%%}1& (%%g&.so;hl. g%é%g}:{ﬂ%gﬁl%%da%%blm %:Ieposi ted
thereon. lowresiahuivitys leyer (4B€ fisr diviiedayrio 180rt sous vl Tea into

portians 1404 anthpl40Brbgibagi 906 18 A 224 theseconhOBM £syeki Vity
| ayer 150 is_divided |nt ortions 150A 10 _and 150B in, regions 210 and
220, and t i &etdn l?&??%ngto POTEEANES 14108 d&¢ 40P pbt tT995CRBOA and
160B i n regimmsand 22®10 and 220. Finally, MR sensor |ayer
170, cap layer 180 Finally, MR sensor layer 170, cap layer 180
and second reader gap layer 185 are deposited on top of
15 spacer layer 130 in sensor area 200 and on top of second
permanent magnet layer 160 in regions 210 and 220. The
MR and cap layers are deposited over the structure
before the height of the sensor is defined with a
photomask and mill operation of the type known in the
20 art. The structure having all of these layers deposited
is illustrated in FIG. 1.
Particular attention should be given to the
thicknesses of PM layers 140 and 160 in relation to the
SAL 120 and MR sensor layer 170. The thicknesses of the
25 PM layers 1is important since the stability of the SAL
and MR sensor layer depend on the ratio of the Br*t
(magnetic moment and thickness product) between the PM
and the SAL or MR sensor layers. The structure of the
PM under layer is important since the PM properties are
30 effected by the characteristics of the underlayer.
The present invention provides numerous
advantages. First, while single domains are achieved in
the SAL and MR layers, stabilization of the SAL and MR

layers are independently controllable. Further, the



and second reader gap |layer 185 are deposited on top of 15 spacer |ayer
130 in sen 200 and on top of second per manent 160
in regionsﬁgqaﬁ&%%SZZO. The MR and cap | ayers are deposite 3£§¥ﬁ%he :
structure before the height of the sensor is defined with a

phot omask and m || operation of the type;known in the 20 art. The
structure having all of these |ayers deposited isillustrated in FIG
1. re51sEahEECUhaélaéteﬁtthﬁ ahetike beggbmebrt@ehhar area

t hi cknesses o M1 a S n_rel ation t 20 and MR
sensor | ayer %95 lh(fec(ﬁ?? g’ g EHEYZ%O rii"ir\]}l éa)iziléLrosw |r§s'|lr?pc}rvt1;tt si nce
the stabili tymetaﬂhbaﬁat 150. dmdfRRtsehberrésiyeraneperut vide hef tdig o of
the Br*t ggagetalcegmﬁentpﬁmam keéééram@actay betweened;he M

and the SAL or sensor |ayers. The structure of th PM under | ayer
i s inportant ZPREELLNEtPM PReper tiddStare 38 @fhloé’éidedbﬁy RPpleed that
characteristi ggaet ibhalupierin®ee .layers can be add®€& phesept dfVes i on

provides nunmerous . . advantages. Fir ile single_domains are achieved
Y 08 e SRESIRE R W Bal ST | 3501 o G1P% HTSAEVERG Medtire| nyers
are i ndependebthgrcanitealiladls o adhidwera pheper orien¥B@ta8h4 96 The
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. . L nc ut si de
of the acti Vepgg&figﬁ or l?é’r?ggﬁogr eaprOVI?&? is reduc Varnert%ietsgbl Ieolfy to
i ncl ude Low résidepevidently coptabllapde BoOaim Sft@éltllltﬂ?etlr@swsﬁ dhee

outside of theg aff MO A | | SyPEhdeE i hyrdetesfi ped By g diewsiow 5
resistivity rret aI a It shoul d be noted that addi ti onal. PM under

| ayers can beeX@®&drahet dPEBI PuwiR theRfkitiaty BRRal TWR/HeEs50-R% the PM
| ayers requir@resen®t hervent ebhalschiewedi ave aagvapeagesuentwidlosut The

present inv%%yfg;sﬂgam/ékrlcaéig% c 95?@%9 essingg no additional
15 masking steps are required.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from

20 the spirit and scope of the invention. For example,
while layer 150 can be a single layer chosen for its
resistivity characteristics, or if desired chosen to
also act as an underlayer for PM layer 160, in other
embodiments layer 150 can be a multi-layer stack having

25 individual layers chosen for low resistivity and other
layers chosen to improve magnetic properties of PM layer
160. It should also be noted that in the design of the
present invention, the multiple layers in the wing
regions do not degrade on-track and off-track

30 performance of the MR sensor.



10 I ndependent|y control |l abl e domain stablllzatlon of the SAL and MR

e s e M.

advant ageous wi t hout REGAEASI ng f |om cBnpf eX|ty since no

additional 15 maski t-epsS—af-e—tegthr e Al t hough the
present invention has been descrﬂbed with reference to preferred

enbodinentsW - :gggg&g sgg[led in the art will recogni ze that changes
may be nmad - wi t hout departing from20 the spirit and
scope of the.inventioh. magietowemisitd,ve headhifloe |ayer ib50a cdatbe a single
| ayer ChoseEté?égété stem, Eﬁé%é&%%o%ﬂé&%' L8Sco F)ﬁ'lglg%sl red chosen

to al so act “as under | ayer ayer in o
enbodi ments | ayer 1503c§ﬂ96@t@rﬁﬁF§F1V8y§?“§?éckaM§Vpng 25  individual

| ayers chosen for |owsrgsfetadd édeﬁtf‘dla%}ékerdlsposécﬁ)éqro%gcBoiéﬂgft@l i mprove
magneti c properties of PM Igyer It should al so_be noted that in

t he design of the pr eQENtRE MRS FRESI M TR SS939Y HYEE BR% he wi ng
regions do not degrade adaptedck tand wdrftigady 30 bpasf or miwece of the

MR sensor. org@gggg_%egéﬁgb\}elg g%OI’ for use in a

data storage system the naaﬁe?ores rstive sensor ng: a
magnet or esi stive sensar I§p@ﬂeﬁ0rm&ﬁyqraa(ﬁ9ﬁW%d beCWGen theegi on of

the sensor and in first angaégggggeghqglve sensor layk€di &R @het he sensor
adj acent first and second of the central regi on of the

sensor; a soft adfaéén?dp3§§Ptdiéﬁﬁ§eanaﬁﬁnécé1V§n§@ﬁl&P t he

of the magnetoresistive head;

a first permanent magnet layer formed in
contact with the magnetoresistive sensor
layer in first and second wing regions
of the magnetoresistive head, wherein
the first and second wing regions of the
magnetoresgistive head are disposed
adjacent the active region of the
magnetoresistive head on first and
second sides of the active region,
respectively; and

a second permanent magnet layer formed in
contact with the soft adjacent layer in
the first and second wing regions of the
magnetoresistive head.

2. The magnetoresistive head of claim 1, wherein
each of the first and second permanent magnet layers are
formed between the magnetoresistive sensor layer and the
soft adjacent layer in the first and second wing
regions.

3. The magnetoresistive head of claim 2, and
further comprising a layer of low resistivity material

formed between the first and second permanent magnet

p\aced

il



nagnetore5|st|ve sens t'caIIy bi as

t he magnet e sensor IayHm“H"ﬂ“I""I‘Hu pacer Iayer ,{

bet ween qgsgﬁggh toresistive sor |ayer andC’ﬁ F?

adj acent Iayer in an act'i vé reglon of the nagnetoreS|st|ve
sensor; a first permanent magneg._l ayer forned in contact with

t he magnetoresi stive sensor layer in the first and second
m%ng ‘regiﬁnslayérélmh tﬁagﬂ?f@te&ﬁdﬂéeﬁbnd.w1ng regions§ewhetreidi spesed

adj acent the active regi.-on of the net Qresi stive nsor on
the first and cond® oF91%Bw IESlSthIﬁes §FQFH€ ma]?lve regl%lStl §€y

respectivel y; which is Jowetromdapertienenesheigiveity apér ther nedestn eodtact
with j I t t qﬂg

Wi ng regions o ec%né tﬁgﬁ‘g{i%?ggl g‘t%%eltgtsg%efg Qﬁe}éﬁ? ! vﬁ?er ein each of
the first and &RsidtenRe ednbhe magnetoresistivggrad in s §irstappd

for med bet wRQibnd twithg reglons nagnetoreslstlve sensor |ayer and
the soft acent a in first, and econd w ng
regions; and %- afﬁ§§€P3Heq %ﬁﬁ%ﬁ?\hQ3f ﬁgtEiFéW ?orWéﬂrSereen

t he a cbmbshedndthecbmdseeKﬂhnehe neigreet  payenent thegnet

first and SeCCﬁ{’é\gIé@ ngtﬁggllggér rfé EQSlEfH@Ety material afd ¢

reS|st|V|ty ma resisti 'S Iomer t han
t he resistivitgeadngd gefmagnrgnt magnet layevanvdnsmbmloeereﬁn‘éh@ fragAEt

layers, therebyq second wing k@WanRJ ﬁnhed&e%e&g,aaegaetenfchehe active

magnet oresi stive | sénsor the firsSt_and second w ng regions
9 wheres P %nﬁhﬁealasﬁﬁ&reﬁ%gserwehéle%@ AT eFrBREARELELILY
magnet | ayer,eqidie td aa/efhlcﬂfnes’s@%f reké sépacéy layer. mat eri al and

t he second pe nent ma | ayer okti.on h I rst
and second \/\Ar‘igmreglonsglt‘1ir1e ma netoreSlﬁ%ﬁﬁﬁzﬂ Cﬁgf &aht fhghér %be

regi on of the the second permanent magnet layer and the spacer layer
are formed directly on top of the soft adjacent layer,
wherein the layer of low resistivity material is formed
directly on top of the second permanent magnet layer,
wherein the first permanent magnet layer is formed
directly on top of the layer of 1low resistivity
material, and wherein the magnetoresistive sensor layer
is formed directly on top of the first permanent magnet
layer.
6. A magnetoresistive sensor comprising:

a magnetoresistive element layer formed in a
central region of the sensor and in
first and second wing regions of the
sensor adjacent first and second sides
of the central region of the sensor;

a soft adjacent layer adapted to vertically
bias the magnetoresistive element layer
and formed in the central region of the
sensor and at least partially in the
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magnet oresi stive sensor are substantially equal to a
t hi ckness of the sp%cer | ayer. The magnet oresi stive sensor of

2.
cl ai m 1, Mhs4a676 tfi !ﬂﬂﬂm, t magnet | ayer and the&CIfmeEIs42&yer are
formed directly on ; mm{ﬁﬁ[‘adj acent |ayer, wherein the |ayer of |ow
resistivity material is forredsdi kectly on top of the second pernmanent
magnet | ayer, wherein the first per nt magnet layer is fornmed directly
on top of the layer of lowresistivity material, and wherein the

magnet or esi stive sensor | &yersSh saPgr mRCWS e¥iPg oI HpPdf AthetPer st

per manent magnet | ayer. sensor; A magnetoresistive sensor conpri sing:

a magnet oresi stive el enent_|.ay. formed in a centra regi on
of the sensor and in 7i7% Cea%d]%%ec%nc I\l/\%?lcgtmg ahd 1%orm(adrlgaF‘ﬁ'Fi?:rlof t he
sensor adjacent first and sston@®f the magnetogedéstovet helemantal region
of the sensor; a 5afdy adi pGad so@eegdgqéeh d%%?e\fe'ih' Eﬂ%' y bias

t he magnet oresi stive el enent | ayér an ofnmed 1 n the

central region of the sen_s?ﬁn"a‘?ﬁl Fegeetof the sensor; partjally in the
first and second w ng rfegisiNpedimanent magnet lal/Be 56PHREH; between A

spacer |ayer contacting and forned Fetween each clf 1 t he
nmagnet or esi sti ve el enent I%Fermgﬁﬂe RESg4FFLVe element layer amdi |ayer in

the central region of the the soft adjaceggnd@ayer in the farbkiratdper nanent
magnet |ayer formed betweelLih8s wing reqionsB¥NGLY esisidye ghenent
| ayer and the soft a%J acant Fayer I'n t%e %I rst and second
W ng regi ons birehe seRsaMaReRLf | r shag&atanentl FBgHet
ferromagnetically coupling to the soft
adjacent layer; and
a second permanent wmagnet layer formed
between the magnetoresistive element
layer and the soft adjacent layer in the
first and second wing regions of the
sensor, the second permanent magnet
layer ferromagnetically coupling to the
magnetoresistive element layer.
7. The magnetoresistive sensor of claim 6, and
further comprising a layer of low resistivity material
formed between the first permanent magnet layer and the
second permanent magnet layer in the first and second
wing regions of the sensor, wherein the layer of low
resistivity material has a resistivity which is lower
than the resistivity of the first and second permanent
magnet layers, thereby lowering the resistance of the
magnetoresistive sensor in the first and second wing
regions.
8. The magnetoresistive sensor of claim 7,
wherein the second permanent magnet layer is formed in

direct contact with the magnetoresistive element layer,



| ayer being fornmed in direct contact with and

IRt Rl T ) | ecrhbHisins

magnet or esi stive el enment | ayer dnd°*the soft adj acent | ayer
in the first and second w ng -11- regions of the sensor, the
second pernmanent magnet | ayer being forned in direct contact

vv:th a{]d| and wnerelnf Qh@oﬂ&%@ |p%%|n{a‘he(iﬁumég‘?§[]ett qtamer {mrﬁfﬁ]@@&l s; ive
el enen ayer resjstivity nmateria or ne
directly on *% Wrect Conttat‘fﬁ B’fl)é?’hé??‘ﬁ é‘\drf’@r?@rﬁ C R 1 ayer in the

first and secend w ng re\yueonma@hettlme-eﬁaeJmNe sensor of cldigieid, the
second pernan n I i ect | op of
the | ayer of Flﬂtergqgl Ehe Teyer BFe;s?gtIlne\ans Stlv% e¥| %@grv\ﬁéeir elén % Ig%' i ned
t hi ckness directly on gpptdle the §tlr|§§r ﬁ'aﬁ@ﬁpeﬁﬁgmégnﬁéybﬁ’erhealll%yer of

l'ow resi stivi{yeratigr 'tf%e a@@cbﬁ% epz?‘r MRAgRkt layer is Fform@gnet

| ayer in portigns of the first and second W ng regions

i medi atel y af@fZ&&htYt h@ncehPPal ©f the layer ofgitpr gresishprity

magnet or esi st mg@ers@nsor are substantially equal to a

t hi ckness of H%e spacer ., Qy and wher ei h% laye of | ow
resistivity ® &S tIO"T’FaSslS Psi s%?rﬁ‘ﬁ/ i ch 13T ower than
t he whereimesa sconbiiyiedf theckness afd tsleeo:ﬁdrpm rEgeTEnent

magnet |ayers, é%%&e§$yg9meEh@g%BP@rrSf'§B@nfgs9£tlv1ty material 5@@

nagnetore5|st|v sensof Nt second Wi
regions. 4. the second npgHBRBEBE| FEONEts fMAT of N cPRF LN SWRE e‘ﬂﬂ#t he

llayer of |ow ragistt igfid YdBRIRT vBlnPGisy Asn AN slerd @By ddjaddigr segond
per manent magnet |ayer in order to hrrprove t he magnetl c properties of the

second per man&ft egegé?gr magnetoresIstive 'sensor are
substantially equal to a thickness of the spacer layer.

11. The magnetoresistive sengor of c¢laim 7,
wherein the layer of low resistivity material acts as an
underlayer for the second permanent magnet layer in
order to improve the magnetic properties of the second

permanent magnet layer.
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