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1, MAGNETI C TRANSDUCER The present invention relates to a mag
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nost |ikely candidate to nost thése requirene appears to be a nagnetic
read sensor or head which includes a thin filmmagnetoresistive (MR
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Al 2033 or sent al yering thin filnms of a magnetic biasing
el ®ment (e.g a magnetlcally "soft" alloy of MfeCr, MFellb or MFeRh), a
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ref erence®t®®Rbe direction of the biasing 10 magnetic field and-the
variation of the internal resistance of the nagnetoresistive elenment can
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such that t age out i ch o d nsitions in the
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spacer element (s.g. Al,0,, 8i0,) nnd a magmtoruiltivn element (e.y.
20 Nire alloy) in that order cnto the substrate. The magaetoresistive

elemsnt is arranged sc that the magnetiszing direction in the
magastoresistive slanent is altared upon recelpt of a magnstic field
signal that is written in the magunetic storage medium, and the resultant
varistion of an internal resistance of the magnetoresistive element, in
25 accozrdance with the variation in the above pagnetising dirscticn, is
provided as an external voltage output. The scft film Appliu- e
~ transverss blasing magnetic fleld to the magnatorosistive elament, such
that the variaticn of the magnetining dirsction in the magnetoresistive
slement is centrsd with refersnce to the dirsction of the biasing
10 magnetic field aad the veriaticn of the internal resistance of the
magnetorssistive element can increase or decraase with rsference to the
resistance at the biased point.

Proper bhiasing of tha magnetoresistive elemsnt is critical for the
5 linear performance of the magnetoresistive transducer. Ideally, the
magnetoresistive element should Pe magneticelly bilased by the scft £film
such that i{ts voltage cutputs which ceorzespond to the tzansitions in the
magnetic field signal stored in the magnetic storage medium are
' symmatrical about a refersnce voltags. BHowaver, various factors result
0 in agymmetry of the cutputs. One of ths factors is the microstructural
end magnetic property variations of the soft film at a microscopic level
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symetrical about a reference voltage. However, various factors result 20
in asymmetry of the outputs. One of the factors is the micrdstructural and
magnetic property variations of the soft filmat a microscopic level TH'S
SHEET HAS BEEN REPLACED 2 on the wafer.azMreover, the soft film properties
are not uniformacross the wafer. The presence of residues and con} rants
on the wafer _surface before soft fil mdeposition enhances the
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el evat ed terrperatures (e . 250 degrees C), and during operational service
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It has beg‘ﬁ‘ that while the soft filmand nmagnetoresistive

el enment thi cknesses can be controlled to wthin 2 to 3

To alleviate ths above problem, sputter atck cleaning of the

20 ' gubstrate is utilised to cbtain a fresh surface before the dsposition of
the soft film allcy. While this approach helps to obtain a cleaser
surface, {t doas not slizminate the problam. It is well krown that the
camponents of alloy materials do not in genearal have the same sputtering
yield. Due to this s0 called "prefersntial sputtering" of the alloy

25 components, a top active surface layer forms which has & stoichicnetry
that is different than the rest of the film and not naceasarily uniform
across the wafer. Longer sputtar etch timas to clean contanminants and to
roach an equilibrium surface chemistry is not possidle since this
potentially induces electrical shorts through the substrats.

30

It has been sxpericnced that while the goft Ffilm and
magnstoresistive elsment thicknesses can be controlled to within 2 to 3
percent on & given wafer during depositicm, veriaticn in the voltage
cutput asymmetry betwesan wefers is usually B to 10 times higher than the
. wafer level thickness control. This results in a significant yield lcsa

for the production of the magnstoresistive heads.

It i3 an abjaect of the invention to aveid or mitigata this problem.

1] This object is achioved by the invention claimed in Claim 1.



percent on a given wafer during deposition, variation in the voltage

out put asymmetry between wafers is usually S to 10 tines higher than the 35
waf er | evel thickness control. This results in a significant yield |oss

for the production of the nmagnetoresistihve heads. It is an object of the

I hvention to avoid or mtigate this problem 40 This object is achieved by
the invention clainmed in.claiml. 3 An enbodinent of the invention wll
now be descri bm enbblinent co - the .inventihe wdd ompa by ideger ihedvirinis referetdech:

Fig. 1is (o) Jmagnetic disk storage 5 system
and Fig. Egl S a s#ﬁ%{&h sec?bg'g' Vi eef'vﬁof a nultilayered transducer
structure in accordance-with a preferred enbodi nent of the present
invention. 10 pighaucd af Rengliesen blédly aDigran dfsa dagnstiecdise sesbagt ed in a
maga tic disk sto‘éﬁge systemas shown in Fig. 1, it will be apparent that

i nvenBY®B# so applicable to other nmagnetic recording systens such
as a magnetic tape recording system for exanple. Warring to Fig. 1, 13.at

| east one rotayahl ¢ PPN Ehddeadis feddioniy HBPUE! £ Bt fhybd Urkndducdpd

rotated by a di'sS ve no magneti c record Is 1n the form of
an annul astysetuee daoscansdeane with apreferredmbeftent RFeSMRE ace 22 of
the di sk idvent@edl | east one slider 13 is positioned on the disk 12, each
slider 13 supporting one or nore magnetic read/wite heads 21. As the disk
r&fates, the slider 13 is noved radi ally in and out so that the heads 21
may access di f Atslemgh pkhet prasentiinrartighsis describad ap exbpdind inge t he dat a.

Each sli dﬁLTL% el Sk 26 tenalwinaray. 19, lﬂ wmnaw
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20 At least cne slider 13 is positioned cn the disk 12, each slider 13
supporting one or more magnetic read/write hsads 21. As the disk
rotates, the slider 13 is moved radially in and cut gso that tha heads 21
may access different portions of the disk surface 22 containiag the data.
Each slider 13 is attachad to an actustor arm 19 by means of a

ab suspension 15. The suspensicn 15 provides a alight spring force which
biases the slider 13 against the disk surface 22. Bach actuator arm 15
is attached to an actuator means 27. The actuator means shown in Fig. 1
iy a volice coil motor (VEXN). The VO {5 a coll movaable within a fixzeaQ
magnetic field, snd tha diraction and valooity of the coil movements are

30 controlled by the current supplied by the control unit 29. Other kinds
of actuatora may ba ussd ingtead.

The various components of tha digk storage system are controlled in

operation by signals generatad by contrel unit 39, such as accass control

3B signals and intarnal clock signals, and which includes logie control
circuits, etorage means and a microprocesscr. The oontrol unit 29
genexates contrel signals ta'uqnt:ol various systez operations such as
motor oontrol signals on line 23 and head position contrel signoals cn
line 28. Tha control sigmals on line 28 provide tha desired current

40 profiles to optimally move and position a selected slider 13 to the
desired data track on the aseociated disk 12. Read and write signals are



operation by signals generated by control unit 29, such as access control
35 signals and internal clock signals, and which includes | ogic control
circuits, storage neans and a m croprocessor. The control unit 29

generates control signals to control varéous system operations such as
notor control signals on line 23 and head position control signals on line

28. The control, sj ls o i no 2 rovide the desired.current 40 profiles
to opti mFWéﬂ%%ﬁg‘Fgm ?‘gé%ét%?e‘?f'éfl cPY Poaps qfngeasrddpged data
track on vhenmas2Bi atfedpafticulir foeadl magrbtorddietive] reid hand, LesCodnsai cat ed
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36{: ow%)_, t m&hﬁ&ﬁg&g@ﬁﬁoad' J&.@@e&ﬁmmﬁd%kﬁd%{wmt&g& %bi }'ﬁ of
ata bits, recor iin the magnetic, storage i um i ntercepted by the
nngnetoreéf‘gﬁ"(’ﬁ*é’%%g‘. “\‘ﬁ&%%c&ﬁdn of a typical magnetic disk
storage system and the acconpanying illustration of it in Fig. 1 are for
representation OpRiePesss bt %gﬁ!:g Qﬁgmgaﬁgm g% dj t or age
systens may conT ain a Iarge*—gﬁ%efko# S g and act uator'Ear_ Li‘r% éach
act uat or ahth thepgcaamesying Lhleataatim of ilgcln Figy . aze ifor regememntation

segt i onal purpaeal calylul bt |shpe1€ el Rgarkit Bhith ALFl) REbAIGRS bpdtens Hgad head

whi ch may be _used as th d Lot X8 flaur e b he read head
bei ng Iocgf’gﬁﬁlsnngpﬁ?o |'mg?'§/§?o°fﬁ%'&r ace o*&g]t e r’m‘g%éf?%l}s'f%?%tg“e' FEYi um
12 (whi ch oy cenppaTE %o nphbar- o skidersd qgure). As illustrated, the

magnet oresi stive read head basically conprises a substrate 40 which has a

surface |ayer 42, - gnet.ic biasin "soft 20, filnl), layer 44, 72 .
non- magnet i c sﬂiﬁé% @y%r"’fﬂ?‘%‘%ﬁﬁ%@ﬁ’ﬁ?’ég $la %‘r”“ﬁ%‘d ship ;“%ﬂppi ng
| ayer 50. miagnetoxivsistive zidhdnbhead wbichicay keivass aa tbe headlRla\lortshe mestuk Ng
magneti c [ .20 | [ Sead %Liﬁ]ﬁémﬂ Sldximi s are
col | ectivg’:%y%%ftgr%'e to as the substrate ﬁ"‘h respet-cg?gtéo t Eé?%c??ve"
| ayers of thAcHagegElq sterags gadinm 17 (WHichdHan ig thocplanased dhantigure).
magnet or eAssilloatkeled, Sthe) rahtetidrestitios edac nbadl ibaRNéa1 1y Codapriskpasi t ed

Si1ica (RLERHSS UTNELAR a0l MRrkled T8 45V R nfte e BLPRAOETI Ot ace

38%| ayer #31nGoflaves |4y o nepcmageatic PRIsT: Hayer rifor f\Raggetonesistinpelayes t he
48, and a capping layer 50. 7The substrate 40 may include various other
sublayers including magnetic shiselding laysrs, insulation layers, stc,
These sublayers are collectively referrsd to as the substrate with
raspsct to those "active" layers cf the head (i.a. the soft film magnstic

25 biasing and magnetoresistive layers in the {llustrated embodiment) to be

deposited therecn.

The pubstrets 40 typically has a layer of Alumina (Al,0,) or Silica

(810;) on which the surface layer 42 is formed. Without the surface

30 layer 42, soft film alloys resct with the underlying oxide layesr to the
oxtent that the soft film 44 chemical and physicel properties are
influenced as to affect the performance of the read head. Hpecifically,
without the layer 42, the soft film layer 44 partially cxidisos at its
contact surface in the preasenca of the underlying oxide, which can taks

35 place during deposition, during subsequent processing which includes
repeated annealing steps st elsvatad temperatures (e.g. 250 degrees C),
and during cperstional servica lifatime due to Joula heating. This
oxidation otharwise changes the chemical and physical properties of the
Soft film ¢4 at least at its contact surface facing the oxide layer and

40 conaequantly adversely affects the performance of ths read hsad.



extent that the soft film 44 chem cal and physical properties are

I nfl uenced as to affect the performance of the read head. Specifically,

wi thout the layer 42, the soft filmlayer 44 partially oxidizes at its
contact surface in the presence of thesun_derlyi ng oxi de, which can taken 35
pl ace during deposition, during subsequent processing which includes

repeat ed annealing steps at elevated tenperatures (e.g. -250 degrees O,

and during opepgigduelide 1gyesd Qﬂ darf aiid!eumcuimlomaiadt which TARS

oxi dation otherwi se c es t e r t he
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refers tQ the a ce, of Qﬁﬁ% +®krgt 0 such an
ext ent mﬁi‘W\ﬁoﬁﬁﬁﬂ&hemﬂg JPzgversely cﬁan sofd“)]: :*Iim | ayer's

chemi cal uedbxwtasding thstaaldbmatapindsi tn F!?éé‘ TeXTHeT Rt andi ng
that all edgeghs, i nterdiffuse and chem caIIy react to sorre extent 10
Preferably, a net al such as Tantal um (Ta) or Chrom= (Cc) is deposited

dRto the Alunina or silica to formthe layer 42. Ta and O which are
ot herwi se condueésadlipeaonecdli ginly asdiantalpe (Trleof ChpERima(CrlotP dat i on when

deposite AL SHal #1esi Véi.y t& dnadt€es
shunt i ngdng T#'%sense current |§9?F%L{rua§° mog;r;em sff\% +&y The
durface Iwhbich arp ptharpise gonduckiye dpeqes heod ﬁ P ?ay%&zﬁ % and
further agliaaeionowindy Sagusited PROtICAldtiss Sf 81kloRm ThisnMghtZasisedviss by -

surface re |dues S C cagggggﬂuﬁwieﬁyhgya, to set
te soft B“'éttq% #%ﬁ@#gﬁ?gﬁ%ﬁ ﬁtgkwel defl ’S'B rec té %420
y

t her eby rm:utga«awe:.ﬂ Amrtable with reppech tp er 46
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The non-pagnetic spacer layer 46 magnetically decouples the soft
£ilm layer 44 and the magnstoresistive elenant 48 to allow magnetostatic
coupling thersbetwsen whan current flows through the soft film. The soit

25 €ilm layer 44 can bs any one of NiFeRh, HiFeld or NireCr alloys, cr any
other materisl suitable for providing magnetic biasing to the
nmagnetorasistive laysr 48. The capping layer 50 covers thse
magnetaresistive layer 48 minimizing or eliminating contaminaticn and
corrosicn. Tha spacer layer 46 and capping layer 30 are prafezadly Ta o

30 Cr which can be the same material as tha layer 42, thareby reducing
fadrication matsrial costs. The magnetérosiltivo eslemant 48 can be HiFs
or any cther suitabls matarial.

Freferably, the thickoesses cf the surface layer 42 is 30-30 4, the
38 psoft megnetic layer &4 is on the order of 50-200 A with the preferred
range of 100-175 A (epprozimately 60% of the ssnsor magmetis thickness),
‘the spacer layer 46 ig on the crdar of &0 4, the magnetorssistive layer
48 im 50-300 A and the capping layar 50 is on the order of 30 A.

40 The layers 432, 44, 46 48 and 50 may be formed in the specified
seguence by any coavestiocnal processes such as elsectren beam or sputter



magnet oresi stive |ayer 48. The capping | ayer 50 covers the

magnet oresi stive layer 48 mnim zing or elimnating contam nation and
cqrrosion. The spacer |ayer 46 and caqﬂing | ayer 50 are preferably Ta or 30
Cr which can be the sane material as the layer 42, thereby reducing
fabrication material costs. The magnetoresistive elenent 48 can be N Fe or

any oth ab) qoga;ﬂdpah ﬂlefzelmbté‘ apprROPELATOK RRESDASKING: AR Surface
| ayer 4?‘?2*%3' 30 the. . g vhe dedYed J.Mcﬂil etrudtererafe kbef
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t he magnetor esi st“/ &Lﬁ?ﬁf&vﬁ& %wmummwn& e84 5 on
the or dofeigh %56 % Iayers 42, 480 d'R0dd @17 CeriiPnaiege’ anmed in the
speci fi eshe iemysm bM#F cﬂ’faf‘”pr ocesses such. gn el echﬁp neamor -
sputter % @ﬁp Qeicbi® the' Bignexormiistivenieyeri #f 140 S'P tomaski ng

ol'i t hog
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30 whi C&ﬁwutomrm ¥ﬂ rt"ﬂr?g each of the layers

in the rug& {f Mitﬂfutiﬂ'ﬂ- mmaaf Read-hafBe in
vol t age e nagnetore |st i ve ﬁség.nmmw.impmse to
negnet or eddisirne & MERES H"I'qi‘ﬁe"

sence of changi n &t s On  the
medi um 13gg40ma84 muualmx eposiidon 84D &"ﬁ’g t Egove% this
basi ¢ Strugdj’ F; %,.HP&%‘Q Sty %wrﬁhumemtmlmghmdn Fig-1 ®
addi t i on T8 ? ransduce for mgg%.a tmdnmt oisn &have r ead
head by asgite previdedpenithp oﬁ‘s‘\&b'g‘“t Her e ?o forman i.nt d
read/ wri &gglwagduwﬁy,v\m eadmyabe fdoiahed ﬁﬂé@&% °§) may
be provi g“ﬁ all 2&%6 Qg? eﬂﬁidi]&chwum cM&éS‘-t he rmedi um
8. Fi naI"I°9 may e Tinished by appropriate |lapping or L5'ion
mlling procedures to obtai ned the desired external structure, Itvi.s not ed
that the soft il layarcdet ane sose mma.mﬁwm% be
i nt erchanged in the laéﬂ‘EEd!éH% I.k:ﬁaheo aadvetifldgbaks t he

[ gurat | on th

present | ¥MysRt4&HFAY |RP AP fkAs Whe
surface Oddvishtegnu b$ t ket Dﬂmﬁrﬂﬂ“‘ on 0 &L%Q gnet g&em stive

er ial . E%\f \&?r S\ s208 WY ese duamtizbsma? GRP‘EH t he
seque ayer al | o sugh as the soft film N FeCr, woul d be

zui.lt v-

layer 43 such as cxidized Ta or Cr, the
#t £11m NireCr, would be

The scft Zilm layer thersfcore
substrate, which

By providing a surface
subsequent layer of alloy, such as the so
35 physically shislded from the gubstrats.
substantially remains stable with respect to the
eliminatas the nonsystematlic variatios in the propsrty of ths soft Zilm.
non-systematic variations in asynmatry charactaristics

Consequently,
manufactured arse reduced.

between magnetoresistive read heads



25 physically shielded fromthe substrata. The soft filmlayer therefore

substanti al | y%ﬁ@% Tsrgggrg{:wa\:h respect to the substrate, which

el imnates th ic variation in the property of the soft film
consequent |y, * non- s'st Le—variations 4n asymret ry Char WS

bet ween magnet oresi stive road heads manufactured are reduced. THI SHEET'
HAS BEEN REPLACED 7 CLAIMS 1. A magnetic transducer having a nultil ayered
structure which. includes a substrat ecarnmsl ayers of first and second
magnetic materials 5 respectively fornmed thereon which are
magnetostatically coupled, the layer of first magnetic material being
formed on the suibst rhfagnetie trangdinegcheving m; mekt sveredssrRichuutdch | ayer

of materi %@msm .Mﬁii@r.ﬁatmm b ee1lrgd Gnd Ofackh® waighst 1 TRECEE a5
materi al thes rregélal bernggos%rall inert with
re?pect th't'RE‘”f %&M sff®r as

cl ai ned i riayesniof !;Lvitemntti.hentwmt being farohdidastkm m-mthaym the
surface | [ ghetic
transduceraéégé Qf‘dal nea 1 n cﬁtﬁgrﬁ}ﬁé\hegsﬁﬁggh%w &%gt rat e oxr de"Tayer bel ow
t he surfaciubstgate baley the days pfkhe fizat Aagasticcmaterial, de surfepei med in

Cl aim 2 0r1 23e¥ ¥ RhterlilE beldg SibbEGR1bTyCindre VithOFesdpact o Audtgeeti C
r nsducer I! ali d"&P any precedl ng claim wherein one of the firm and
ond rra 5 is a magnetoresistive material. 25 6. A nagnetic

transducer as clained in claim1 wherein the other of the first and second

magnetic materigls i JRLERRE, e Ninb&ldar Qs BidiRkd -in dlaih TBGHISRIL £3LOT 20€
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the oxida layer. :
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3. A magnetic transducer as claimsd in claim 2 wharein the
substrate oxide layer below the surface layer is 8i0, or Al0,.
, 4. A magnetic transducer as claimed in claiz 2 or 3 wharein the
a0 . surface layar is Ta or Cr. '
5. A magnstic transducer as claimed in any preceding claim
wherein ons of the first and seccnd magnstic matsrials is a
magnetoresistive material.
25

6. A magnetic transducer as claimed in olaim 1 wherein the cther
of tha first and sedond magnetic materials is NiFeRh, NiFeNb or NiFecr.

7. A magnetic storage systsm comprising 3 magnetic storage
30 medium for recording of data along data tracks and a magnstic transducer
a8 Claimad in any previocus claim.



