1, A SHI ELD' IN A READ ELEMENT I N A MAGNETI C DATAFIgéAIf)"@V\“f The
present invention relates to a shield for a read el erren@if,ﬂ\_@,wirqgn_etﬁj:_Q,_‘gdata
apparatus and in particular to a shield which reduces na@‘ﬁe‘f’%‘*c-*?“n(’f?eract i ons
bet ween a magnetic read head shield and a nagnetic read el ement by

controlling domain wall novenent within the shield. Magnet or esi stive
(MR) read heads utilise an MR el enment positioned between a top and a bottom
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The read el enment may be either an anisotropic magnetoresistive (AWR)
el ement or a_giant magnetoresistive (GWR) stack. An AMR el enent is
typi cal |y fdibeipreseny invention,slatesntac Reshield rfos sha¢ad- element dwfa magnedersigtiet i c
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I S magariveset: withinghe sldeldasy axis, is mounted on the read head such that.

its easy axis is substantially transverse to the directjion of disc rotation
and par al | eMagpetoresissiva (MR read dheadss utilisepam MR elemmams ppsisioned bewyess &iAPf ace
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sense current through the read el enent and neasuring a voltage across the

read eklement mahibe \eithenrn ianisotnopici amagoetoresistive bAMMR)v elemant i of 0a agiant
appropriate format e ni pul at ed as necessar external circyitry.
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the read el enment to operate along the linear portions, the read elenent is
nmagnet farEomagnetie sHeysaseparaadaby A§passt Myer fermedsfromwnataghesiagnataegals; pechy
portion of the .@esgon curve. During a read operation, the top and
bot t onfEHIRRCESIYFAE T 89hat the read el ement reads only the infornation
stored diregik i i m%gﬁ tebi ?ﬁg( A i d o BHEL YERqOr

di sc by absgtrhbi}fﬁsg@g%gfeg%r‘g?%nalgne |§is1‘u|ie%}&(¥’ en%%gt%xlri]kgl rom adj gcent tracks
and  head such that its easy axis is substantially transverse to the direction of disc rotation and

parallel to the plane of the disc. Magnpetic flux from the disc surface causes rotation of the
magnetisation vector of the read elemeni, which in turn causes a change in electrical
resistivity of the read element. The change in resistivity of the read element can be detected
by passing a sense current through the read element and measuring a voltage across the read
clement. This voltage information can then be converted into an appropriate format to be
manipulated as necessary by external circuitry. |

A response curve of the read element compares the voltage across the read element
to the magnetic flux received from the disc by the read element. Th{s Tesponse curve has
both linear and non-linear portions, of which it is preferred that the read element operate
along the linear portions. To force the read element to operate along the linear portions, the
read element is magnetically biased at a biasing point that is located along the linear portion
of the response curve. .

During a read operation, the top and bottomn shields ensure that the read element
reads only the information stored directly beneath it on a specific track of the magnetic

medium or disc by atiorbing any stray magnetic fields emanating from adjacent tracks and
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2 transitions. * Accordingly, the bottomshield is typically fornmed of
materials having a relatively high perneability. Sendust (85%iron, 9.6%
silicon, and 5.4%alumnium is the generally preferred nmaterial for prior
art bottom shields because of its near-zero nmagnetostriction and its
mechani cal hardness. Sendust-shi el ded read el enents can be machined easily
to formsliders wwth mninmal snearing across the read el enent. Snearing
across &%ﬁ-hﬁﬁd element may result in electrical shorts between the read

el ement e top or bottom shield. Al t hough sendust is the
general 'y pr gcedrdfilyTodhe Hottbml $HieldS§ risicdllyefored ¥ miteRAld Haﬂidgeﬁgelﬁﬁ@éff !

Its near-zero magnetocrystalline anisotropy can result in noise in the read
el ement highvpetmerbalityy pSendhist(85 %l idont, 6% silicon, end 5pt Trabiminium} ismhe generally
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the shield nmay somewhat control the |ocation of the domain walls. In

addi t i omay resultdipeldacerigal shoresf begweasnthe reasl elementani ¢he foplaf, bofonhshieldur i ng
f act f dj t ot k t ity f th ti t,
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us, the mal n” wa ocate

domai ns t0 nove. S arer ue to the external

magnet i glefest. dWithin & fgpicalshieldthersiandstob plirelityaofdnapnedit domaivk stjerardd firm

wal | location, the domain walls generally do_not return to their oqri g{agal
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point of the read elenment,” as well as the response of the read elenent to
si gnal swithimnatsemdyst-farmedhshieldtaxe itotgllylirandonT haithough dhé shapeubdf thesshididsmay
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contr ol on orf ani ropy I mat eri avl Nng near -zero

nagnet ogey fiaghdtic 8tarages Qhednny, deted dperaipadust thel dowarat siikldy chnpeasé bhe.
There is therefore a need for a shield design having the advantages of a
sendust magretisatiomof| eachy afhthg domaing wikhin rthat shield to rotate, thereby causing the

domains to move. Thus, the domain walls are relocated due to the external magnetic field.

Furthermore, because of the random nature of the domain wall location, the domain walls
generally do not return to their original location after the external magnetic field is
removed,

The bottom shield exerts stray magnetic fields on the read element. | These stray
fields are accounted for when the read element is biased. As the domain walls move,
bowever, these stray magneric fields change, thus changing the bi;s point of the read
clement, as well as the response of the read element to signals emanating from the rotating
disc. The overall result is noise during the read operation.

It has been found that the introduction of anisotropy into a shield will result in more
predictable domain wall locations within the shield; however, it has also been found that the
controlled introduction of anisotropy into a material having near-zero magnétocrystalline
anisotropy, such as sendust, is virtually impossible. There is therefore a need for a shield

design having the advantages of a sendust-formed shield with a shield having



3 magnet ocrystalline ani sotropy to reduce noise in the read el enent by

reduci ng domain wall novenent within the shield. According to a
first aspect of the present invention, there is provided a shield for a
read elenment in a magnetic data head, the shield conprising: a

seedl ayer fornmed of an anorphous alloy; and a second | ayer of an

i ron-silicon-alumniumalloy having bogh near-zero magnetostriction and non
zer o nmagnet ocrystgl | i ne ani sot rgﬁ%egqm ti&ged upon t he seed| ayer. .

Accor di BRgaelPcrySalling 4nisausaps togre oheWethe readd elpmerinby resucimgHomainsealh
et hod Qfvdmédiivithif i ingdif for a read element in a magnetic data head, the
nmet hod conpri si ng: depositing a seedl ayer of an anorphous all oy;

deposi ting aAscording toayfirst afpeenof therpreseht Mventidny thete Y pedvided & akiefDfor a
near-zero magnet pSt ricti pn and non Zero magne.t‘ocr yst al 1 ne ani sot ropy over
t he sed@rdplémentinda maguetic datahead) the shieddcomprisings shield while the shield is

in the presence .of a magnetic field orjenteq in a desired direction of an
ani sot ropy f% %qegf)ag ff%ggﬁ%éP&mfPhO‘“ ah%ém resent invention is a shield

havi ng subst.angd my%,@t ryst 1 (PR y -ead NBOL. by @
recordi ng heagdgécih?ay r?o?Piﬁnﬁgblspgggﬁl%@?u%flgl%‘;ﬁg nglletlonezg%upon
a seed|mygnetastrictionrgad aion zatd mugterodrystatiihd enisdtrapycpositivned aparg chevieediayer. of
iron, silicon and alumniumin the_iron-silicon-alumniumalloy are each

sel ect ed so A¢REFdingdo A $espnd, 45pept f theRIrSCAE iRy et Sheks: providedrd sedhad; ok i nct

magnet qar s | r . : L. Q% oaeedl ayer results
in gr eq@'#ﬁg\aﬂe%ﬂé@? fﬁg%getdoeg%% tgﬁ ?i@%ngﬁfgﬁgﬁé%%m?ﬁgas e ﬁgy In a
preferred ergepdiitiBgt seédliyee of &R BmdipHoad®Bl&;uM ni um al l oy layer, the
percentage weight of iron is in the range from approximtely 81%to 93%

t he percent alpposiingha setong (layeonof ani iron-sicomalymininomadliopr bavingt mday-ze8s t o
10 % and the percentage weight of alumniumis in tH{ee range tro&n _

appr oxi TREASIQFUIaCINR,4nd {18, zexg Magnaionrystalling anisgrrony QveE, aﬁE&%ﬁ‘?"gﬁP of iron,
silicon and 11y [ | Ll ~al U i :
respectivel yﬁkgbgﬁ)gg&log?a%a e g%ﬂg‘%}f %‘ﬁgo}g] %ﬁge@:%% %é’ﬁ%e@éﬂﬁoﬂa?%ﬁgp g‘ﬁ‘?ggm
enbodi noritinted intadesireé diraytion oftdnecanisoadpp vield ofshé stiieldd of a cobal t- anor phous’
famly alloy or nickel. NMore preferably, the seedlayer is forned of a
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and aluminium in the iron-silicon-aluminium alloy are each selected so that the alloy has

both near-zero magnetosuibtion and distinct magnetocrystalline anisotropy. Use of the
amorphous alloy scedlayer results in greater overall magnetocrystalline anisotropy in the
shield.

In a preferred embodiment of the iron-silicon-aluminium alloy layer, the percentage
weight of iron is in the range from approximately 81% to 93%, the percentége weight of
silicon is in the range from approximately 6% to 10%, and the percentage weight of
aluminivm is in the range from approximately 0% to 13%. Most preff;rably, the percentage
weights of iron, silicon and aluminium in the iron-silicon-aluminium alloy layer are,
respectively, approximately 89%, 7.5% and 3.5%.

In a preferred embodiment of the seedlayer, the seedlayer is formed of a cobali-
amorphous family alloy or nickel. More preferably, the seedlayer is formed of a cobalt-
zirconium-tantalum alloy. A preferred embodiment in which the seedlayer is formed of
cobalt-z@rconium-tantalum alloy préferably has a percentage weight of cobalt in the

seedlayer in the range of approximately 70% to approximately 90%, and a percentage



4 weight of zirconiumin the seedl ayer substantially equal to a percentage
wei ght of tantalumin the seedl ayer. Mst preferably, the percentage wei ght
of cobalt in the seedlayer is approximately 90% and the percentage wei ghts
of zirconiumand tantalumin the seedl ayer are each approximately 5 %
Enbodi ments of the present invention will now be described by way of
further exanple only and with referenceqto the acconpanying dravm' ngs, in
whi ch: . Fig. .1 is di agram qf a di sc dr|ve
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surface of the rg d/wrlvlﬁ%etlﬁea bﬁ} ﬁ’en g. 3 |gH§bft§;‘?g?ﬁec}ﬁd&§§?g&n¥h

magnet i appreaiinatelyt30 % aad;the percentage greights of zirgoaivo ahd pemsipacin the seezﬂnyerf a
magnetic rea /vvr| te he&d %/m ch includes a bottomshield, a rmagnetic read
el ement “"a‘??& P@ﬁ“‘é‘%‘iﬂ Fig. 5is a cross-sectional view of a

shield in ac ane 4 nvent 1L on; o K i

iron-sili congﬁfbd thgﬁggéﬁa‘gﬁ%ﬁ ‘gﬁl b&gnl? gfﬁc&bﬁg % B‘%Iyaﬁg?’gﬁmeﬁl ots
and der exafplkoaly Mwns réfe?&;cefto fhieGeas8p Mty BpZdraivihgs TR wRigRONet i sm
100(1978); Fig. 7 is a plot of h eresis Ioops for both easy and
hard magnet i Ei@.xleg 4 sumplifind diagram of hdanrcbwmtoragwmtermn Fig. 8is a

cross-sectio i.ew of a bott mshl | d of the present invention operating
under no ext g,a Swai/ 158 FRessrsecuony yiew oh @ magnetic fF‘F"é"m@F %ada  JBagnsHe ik

vi ew of ath al! tagﬁl?ﬁé‘*@ln?al%aﬁ'aﬁb% Eﬁrficg‘ﬁ‘?%é &Hd&ﬂﬁﬁa%*e&d‘g under an

exter na magne roma rragn he Ffl’ esent invention

provides a nipjgnes drehyeied dagandia haghetg readpuaiedadt abi lity. It is
recogni sed that a source of noise stens frommagnetic domain walls w thin

ei ther shi el Figpf4 & 3 partial pegspectine vioy ofraimegnatisricad/meaite dpad whidheincludes ead
el enent drive system 10 including a
magnet opgtgqrgtsp{;gf(q%g?gr}eiig %@8‘8"’? MGB%%B@EW th the present invention.
Disc drive s gr:Yelr) rﬂﬁb{ﬁt

novenent aboﬁé gﬂr?s;ag?rggﬁi#ﬁﬁgal by gg?ﬁﬁﬂﬁf&gﬁ xﬁ%&t&ég&%ﬁrg@gc ndrl ve
10 al so i ncl Fipss &can gonssiliddnraimminin tatlop zemppditivre dia@ramh contairing pafmeret

pi vot al IE\/%m)vabI e relative to g@l) f 14 about axis_22. Cover 24 covers a
por t i onPioks and derived fiom higyreeh- 350 M?rérMééoaostth%P@agm%xsale%% 18.

ocated out st b uPEE FETeraRBLRTLE s Rl e Ml T it °

act uat oof &R présent ivenitidif i ncl udes actuator arm assenbl y 28, a rigid support

Fig. 8 is a cross-sectional view of a bottom shield of the present invention operating
under no external magnetic fields; and

Fig. 9 is a cross-sectional view of the bottom shield of the presemt invention
operating under an external magnetic field from a magnetic media.

The present invention provides a magnetoresistive sensor having improved stability.
It is recognised that a source of noise stems from magnetic domain walls within either shield
of a shield system (top and bottom shields) adjacent a read element.

Figure 1 is a top view of disc drive system 10 including a mlagnetoresisﬁve (MR)
read head in accordance with the present invention. Disc drive system 10 includes magnetic
disc 12 mounted for rotational movement about an axis defined by spindle 14 within housing
16. Disc drive 10 also includes actuator 18 mounted to base plate 20 of housing 16 and
pivotally movable relative 1o disc 14 about axis 22. Cover 24 covers a portion of actuator
18. Drive controller 26 is coupled to acmator 18. Drive controller 26 is either mountable
within disc drive system 10 or is located outside of disk drive system 10 with suitable

connection to actuator 18. Actuator 18 includes actuator arm assembly 28, a rigid support



5 menber 30, and head gi nbal assenbly 32. Head gi nbal assenbly 32 incl udes
flexure arm 34 coupled to rigid nenber 30 and air bearing slider 36 coupled
to flexure arm 34 by a ginbal. Slider 36 supports a nagnetoresistive
transducer or head for reading data fromdisc 12 and witing data to disc
12. During operation, drive controller 26 receives position

i nformation indicating a portion of digc 12 to be accessed. Drive

oot | camad 30,358 AT ghEbnBseentiy 2y B Al essernly S G pe oo e,
| nf or a4l @iuplédr ioVﬂFiaomembi 80 288 di BUdrfiRSslRcP 38 &hgrad&b%r@dme Qrmcidiey @r 18.

The positioin signal causes actuator 18 to pivot about axis 22. This ‘causes
sl i der gifibalo Stider 36suppdrts/a magnetotesistve framsducdr otihead fdt reading detadrarhdjsc
arc-1like p%th_i,ndi cat eg_ by .arrow 38. Drive controller 26 and actuator 18
oper at 234 WVEliRg dya e discddgat i ve feed-back configuration so that the

transducer a Slider 30, ket ] . { hesdesi: : | of
|y ansduoer SRt bpRnbh A8 SBrbyRo k! KREGE: BHBHoh FEARIDR SaBRRLR, O,
26 t hepoPidif bf AscalZled beadcéss@l Wrive béfrolRe 28! fe@élves the positidd HfSnwation 2
cross-sectional view of magnetic read/ wite head 50 and nmagnetic disc 12

t aken dramgithempdmoperaorahosteogipiten @urfrom apothensutable contnotler)/ Basadeomtied 50.
Figure 2 illustrates netic r.ea ite,head 530 and its place rel ative
o g Rpiton dEkariiaBon,\AAVE ot 49 povites o Bsiod Hamel o BofARF T8 HBG' 5o
faces gﬂo?igiog%ééxﬁ? Raplds %n{igiti”ﬁ t&gﬁbﬁ abct: axiPIP EITHRs ad@s Jsﬁdé{ 8% 3 Ve

rotate rection re Ive t0 magnetic read/wite head 10 as indicated
by arr qadidlly Bver shesurfacebof disenlnin abgemetally avo+l{kecpath4ndioatedibycavowf 38:e 56
is preferably mnimsed while avoi ding contact between nagnetic read head

50 and Dyt etongrolies 0261 2anghjasator n1§peneratgs és 2 y@esed ipopr megathey Hegdbackt i ¢

hoad nGoRAEANEE oRRE e mikificd caried by sMGCFE UL PRRELRA oBr WEOHEMS ©
62, Dbotgopiassf @is€l 184 OrceRhé aiddc& s appidpfiaRy RsaigRad, didve dadleAR6 fikni S

defined on air bearing surface 54 betweeh terninating ends of bottom gap
| ayer S8canes mdesitedaead acwritegperatB®. Met al contact |ayer 62 is positioned

bet ween bot t.gm .layer 58 and t.o ap | ayer . .Read enent 68.i s,

Dos T onoy OB s & F s RtauBelo e ol AiagprNe Fead it hpet oD GALa vagRetis Hisc

cont actyal It ' . 4RGN ' int e 50

I ncl udels2 oﬁ Sﬁ%%ﬁoﬁ g!ag%,no\;\ﬁpﬁﬂg %Beﬁg@egﬁ%g top ?g@rﬁ?@gﬁ?&cﬁ e goi I
76, andllpsttayeremagreyie readwrité heal §0pnd s placembanethiive t@imaghetiy disg 12urAirce 54

by wite gap |ayer 72 between term nating ends of top pole 74 and k6
bearing surface 54 of magnetic read/write head 50 faces disc surface 56 of magnetic disc

2. Magnetic disc 12 travels or rotates in a direction relative to magnetic read/write head
10 as indicated by arrow A. The spacing between air bearing surface 54 and disc surface
56 is preferably minimised while avoiding contact between magnetic read head S0 and
magnetic disc 12 which, in most cases, would destroy both magnetic read head 50 and
magnetic disc 12. |

A reader portion of read/write head 5O includes bottom gap layer 58, top gap layer
60, metal contact layer 62, bottom shield 64, top shield 66, and read eiemem 68. Read gap
70 is defined om air bearing surface 54 between terminating ends of bottom gap layer 58 and
meral contact layer 62. Metal contact layer 62 is positioned between bottom gap layer 58
and top gap layer 60. Read element 68 is positioned between terminating ends of bottom
gap layer 58 and metal contact layer 62.

A writer portion of magnetic read/write head 50 includes bottom pole 66, write gap
layer 72, top pole 74, conductive coil 76, and polymer layer 78. Write gap 80 is defined on
air bearing surface 54 l;y write gap layer 72 between terminating ends of top pole 74 and



bot.t om pol e 66. Electrically conductive coils 76 are provided to generate
magnetic fields across wite gap 80 and are positioned in polyner |ayer 78
between top pole 74 and wite gap layer 72. Wile Figure 2 shows a single

| ayer of conductive coils 76, it is understood in the art that several

| ayers of conductive coils may be used separated by several polyner |ayers.
Read/wite head 50 is a nerged MR head § n whi ch el ement 66 i s enpl oyed both
as top BéudthGofb66.n ElbstricEnr comiutting cailyl76 ard pidvidBiP® Lerfefaré MndgneridVields
portion. If read/wite head 50 were a piggyback MR head, top shield 66 and
bot t om aerbss weitavgap 80 land aep positionddaipepalymer layer 7&ibgtween3op pole T4 ped exetite

di agram of, magpetic..read/ wite head 50, Figure 3 illustrates, the | ocation
of " pl BARIAED 1oy Wil RaRurE 21 s pnals tavet Ok Pt Satlsolby is drisiRotin, (o
head 50phas PEERY | ki rbg b i te
head 50&1&3&%@@%&&1‘3&3&@ éQBEﬁ&Huéﬂf% gﬁgﬁ épageldggkpg%aé@%gﬁ%aﬁag 5] ayers
are oni layed. fRéadéWweite head SBois taomerged MR Hedd dmevhickpeleinesd 65 Hitemployabbeikdst o

provide for a |ocation of read el enent 68. Read el enent 68 has_two passive
r egi onstopeshield §648 the seadopariign and s beHamepalebhtingbe prie poinnd  Horeadamitet o
metal cpnt s 62A and,62B active.regiaon af, read_el epent I s _defined
2o ¢ he TG TRt 2 sibey bAPE MR heRE B il OB il iR oIeTEE Wioul bt Seidipsne
of readigb@nment 68. The active region of read el enent 68 defines a read
sensor dt h. Read elenment 68 is preferably a nmagnetoresistive

el ement or aFiguzef ismglaypered eliagramvof magnekic réadimpite headoS0.stFigereed dlistriates s
general |y forped of a ferrqmagnet,i rial whose resistance fluctuates in

r es pons&ietl8cationcof & pivsalinyaf sn@ti%ilyrﬁéﬁﬁpweql%ws pf BragacHRERe(WEtehad um

or disc Gl t i | 55¢ nt,
2 chang? ik 00 Yoftel BIcher BF Ratil cifice S OF Hondlfic TRRNCLE BRI 50 Yo BT
used byFgxternaln Figuee!s, rafl {pacthgcindnipiulatios daiets sfeosmitednfor RtaritRonBétem
medi um or disc. gi ant nagnetoresistive stack operates simlarly, but
al | ows shi¢ldz64nandotopr shirld Gdecare isnapedito paevide ifora dogation of seag elgment 68. Read

magnet or.esi St | stack i s general formed of three | ayers: erromagnRetic
TPInC] ogiEment bY Gaf bis smatye Tty definedaf e Sontasris pead Fiettesd o postiaRd
positio I n ivRirBai I j Hs@tion
bE 1 he MBSRE LS BROI PRt T4 SUCEIE e A1VE1rBgiom XA read IBMPACER IR

| ayer i defpordod of realadlemem 68ciopated between thert® passiveregioas of réddedlement. 68. a

transition from a, rraé%neti c disc. Aresistivity of_ the giant
magnet of B8 AYazesionplread plementh8 defimgh anpahseisonRidihgl e bet ween t he

direction of pbhe el SRR EIM 3t iTsue MR &t 5 Sk Magnetoresistive

stack. A magnetoresistive element is generally formed of a ferromagnetic material whose

resistance fluctuates in response to an external magnetic field, preferably from a magnetic
medivm or disc. By providing a sense current through the magnetoresistive element, a
change in resistance of the magnetoresistive element can be measured and used by external
circuitry to decipher the data stored on the magnetic medium or disc. A giant
magnetoresistive stack operates similarly, but allows for a more pronounced
magnetoresistive effect. A giant magnetoresistive stack is generally fo'rmed of three layers:
a ferromagnetic free layer, a ferromagnetic pin layer, and a nop-magnetic spacer layer
positioned between the free layer and the pin layer. A pinned magnetisation of the pin layer
- is held constant while a free magnetisation of the free layer is free to rotate in response to
an external magnetic field, i.e. a transition from a magnetic disc. A resistivity of the giant
magnetoresistive stack varies as a function of an angle between the direction of the free

magnetisation and the pin magnetisation.



7 Figure 4 is'a partial perspective view of magnetic read head 90
that generally includes bottomshield 92, top shield 94, and read el enent
96 positioned between bottom shield 92 and top shield 94. Magnetic read
head 90 has air bearing surface 98. Bottom shield 92 has, in prior
art applications, been fornmed in several different shapes such as circular,
square, rectangul ar, trapezoidal, or amy conbination thereof. As shown in

Chown i phaElgik 0 o pafial Bersfledi 8 AP b maBHARE reld Redd b uidt (gsREENT 00
first sitches bbROm shidld B2sweg skield1Sl, andhue dldindt I8! SUBitidnad BEpWadd Bottddir t D

surface 1.06 such that third surface 104 and fourth surface 106 connect
first sshi¢ld@2 andaop shiskic¥h dMagnéticcread bead $bhascxis beavingesupfaon88i on, magnetic
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bet weenexphanatiendmefmetierreachead 2pamd ith components, ¢helthicknesses of Bditbmrshield wpi cal
shield there exists a,pl urél ity of magneti ¢ donmi ns separated_from eag@

ot her. by2:0pskicid P pnd freathejpment 98 ShaWp HANFWE 4E A CRABBRTaFdn o O shield
magnet i gatj . [ .S .ent 4@ &H ' IEf : :

magnet | DAt ilsp Shartc s KOO Bl b hé LR el BN LbYS VS ox peen
magnet oghowat fo lelagity ani sot ropy, the domain walls within a sendust- forned
shield are totally random although the shape of the shield nmay somewhat

control the Bershust (B8 %oironh® 6dositicon ard § 4% pluminiym)ihes, intpriorarpapplisations, of
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shri nk. In addition, tthe miokhmiical hatdnsssasfsendiso alddved fodsendizt-sielded readnelbememgmnet i C

field. Furthernore, because of the random nature of the domain wal|
| ocat i oPfsMachisedsasiiyfofarmsliders with minimal smearing across the read element; thereby

minimisiog the likelihood of electrical shorts occurring between the read element and top or
bottom shields.

Within a typical shield there exists a plurality of magnetic domains separated from
each other by a plurality of magnetic domain walls. Each domain has a magnetisation that
is oriented in a direction different than the magnetisation of all adjacent domains. Becanse
sendust has near-zero magnetocrystalline anisotropy, the domain walls within a sendust-
formed shield are totally random, although the shape of the shield m'ay somewhat control
the location of the domain walls. In addition, the application of an external magnetic field,
either during manufacture or from an adjacent track or transition of the storage medium
during operation, to the top or bottom shield can cause the magnetisation of each of the
domains within that shicld to rotate, thereby causing the domains to move, grow, and/or
shrink. Thus, the domain walls are relocated due to the external magnetic field.

Furthermore, because of the random nature of the domain wall locations, the domain walls



generally do not'return to their original |ocation after the external
magnetic field is renoved. The top and bottom shi el ds exert stray
magnetic fields on the read el enent. These stray fields are accounted for
when the read elenent is biased. As the domain walls nove, however, these
stray magnetic fields change, thus changing the bias point of the read

el ement, as well as the response of thegread el enent to signals emanating
fromthe storage nedium The overall sult is, noise during the read,, .
oper at i cﬁ?mmﬁy do ”I“? 1rhun theFPcFoﬁﬁngLj?cal“HE aftar, @Guﬁl‘ﬁeﬁ}ﬁo‘l‘mﬁ?ﬁt@o%?@pF
into a q.g,igg{,%w I'l result in nore predictable domain wall |ocations wthin
t he shield; however, it has also been found that the controlled
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magnet ocrystal | i ne ani sotropy, such as sendust, is virtually inpossible.
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cobal t - haf ni um ni obi um or cobal t-zirconiumtantalun) or of nickel, and nost
pr ef er algnigotrapy.tSych assrnousty is visHallimpastibleum al | oy. The percent age wei ght

509 and t ho BIBNE: hab P eWieahaba i B ARA8 0 Hstanta a tacBudtBRE ST ),
and t antypdse infemich CSHIER FINDRA HHicAAR BniSotREyC SAIRG e lialRg of thepliaY irt

equal to approxi mately 90% and percentage wei'ghts of both zirconium and
t ant al uwhilzc btild gincdrporatiag palb hereadehntagesvof Be chieldy fornietl? withe Semduist,y thands,a

t hi ckness [ n the range of approxi mately | Onm.to approxi matel y .| 00n )
Figur e GR6chanifal; harngss, | SuARRARIALY nhoinPARRSIRPIRCH A0 s RiSho PERTSRHIh GOHt Bigh ng
plots f | i : D el vl il = ,
magnet oglgar%h Eﬁ? fgﬁk[%?ﬂ:pﬁ{ﬁgﬁiﬂrﬁygt ai aéﬁ i %%S’rgiﬁ%gb%génrtsg%? héegﬁ&%iéiléﬁ.r e 6
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Di spl ayed on axis 120 is the percentage of iron, on axis 122 is the
per cent ZHENCHES 85 |Serdyst, REGEZEN9 MABRCIASIACon, tamd P Sinite aluge ob mMmagnaiecriisiatline, a
anjsotropy. Seedlayer 112 is formed of an amorphous alloy having very high anisotropy.

Seedlayer 112 is preferably formed of an alloy from the cobalt-amorphous family
(such as cobalt-hafnium-niobium or cobalt-zirconium-tantalum) or of nickel, and most
preferably, of the cobalt-zirconium-tantalum alloy. The percentage weight of cobalt is
preferably in the range of approximately 70% to approximately 90%, and the remainder is
preferably equal percentage weights of zirconium and tantalum. A preferred embodiment
has a percentage weight of cobalt equal to approximately 90% and I;ercentage weights of
both zirconium and tantalum each equal to approximately 5%. Seedlayer 112 preferably has
a thickness in the range of approximately 10nm to approximately 100nm.

Figure 6 is an iron-silicon-aluminium alloy composition diagram containing plots for
the following parameters: initial permeability p, = MAX, magnetostriction A, = 0, and
crystal anisotropy constant K = 0. Figure 6 is derived from Figure 4.32 of Richard M
Bozorth, Ferromagpetism 100(1978). Displayed on axis 120 is the percentage of iron, on

axis 122 is the percentage of silicon, and on axis 124 is the percentage of aluminium in a



9 particular conposition of the iron-silicon-alumniumalloy. The
conposition selected for the present invention should be |ocated near both
parameter plot 126 for magnetostriction [err] equal to zero and paraneter
plot 128 for maximsed initial perneability [err] and far from paraneter
plot 130 for crystal anisotropy constant to 0.18. Preferably, the
percentage weight of iron is in the ragge of approxinmately 81 %to
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preferred enbodi nent, |ayer 114 is preferabl&/ formed of conposition 132,
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Cel sius in the presence of a magnetic field oriented in a desired direction
for thepessRniage Weight ofqlgminium is in the gapge of apgroxipately % te approximately 3%y esi s

ragnet 13 ERHORLERIARIN 16 13 i ARfecteld BifPoP Qibheih B it hen.
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shield’is shown along the oOrdinate. The anisotropy constant of the shie
of the tprapproximatelyni.S%n andt abpercentagenweight 1of alwminiwo| equzhdo tappreximpelinf

e hi STk ow SRt Al 0¥ PRNR. B S B o8 g ok
t he val# r@fimtfat]e?%ﬁic?&mét% poaIRL H?&S?Q’:%ﬁém sotropy constant. As evidence

in Figu ani sotropy consta e shield of the present invention

i s non-zer o.To set the ahivetropy fiekl)ahield 210 shoulk] Be tHerfally aleatedfpaup o BHmwuyal ue
of flux B when field H equals zero to the value of flux B when field His

at its ahéR0degrara Gelsiusin thy presencs of 3 Bagretisdicd erientedin 2 dgsiradediention foki s
approxkggéﬁlgﬁggﬁﬁgﬁao. 99 and the squareness ratio SR err] of hysteresis

| oop 1 rd magnetic axis approximately equals 0.16. Coercive
force Hl err]Figufng ié BPIGaseadychRis APRerRSis TBoE 140 Sﬁﬂ‘ﬁhﬂ-@dé‘ﬂyst&lﬁ@sik QoePe4xi Ve

force Herr] along thé hard axis approximately equals 0.18. It is generally
pr ef er ralong bath easy and hard megueticagsies, tespedivelyasy ashiedd op theopiesentdhyensignal s

, t hat,, t,h tio of the h i i | !
ero. -1 e apeliedofiefd s gwg it e Postisie et JUAGHERE Rl OB ol K s
be | esspbiAmbdE e Yrhimhe, Yol ihildifops 28¥stahit!of the shield of the present invention can

be determined by extrapolating the slope of hard-axis hysteresis loop 142 where flux B

equals zero, and extending that slope until it hits the saturation flux of hard-axis hysteresis
loop 142; the value of field H at that point is the anisotropy constant. As evidence in Figure
7, the anisotropy constant of the shield of the present invention is non-zero. '

The squareness ratio SR; (which compares the value of flux B when field H equals
zero to the value of flux B when field H is at its maximum value) o::' hysteresis loop 140
along the easy magnetic axis approximately equals 0.99 and the squaremess ratio SRy of
hysteresis loop 142 along the hard magnetic axis approximately equals 0.16. Coercive force
Hee along the easy axis approximately equals 0.44, while coercive force Hy along the hard
axis approximately equals 0.18. It is generally preferred that the squareness ratio of the
easy axis approximately equals one, and that the squareness ratio of the hard axis
approximately equals zero. It is also generally preferred that the coercivity on the hard axis

be less than the coercivity on the easy axis.



10 Figure 8 is a cross-sectional view of shield 150 of the
present invention operating under no external magnetic fields. Shield
150 includes closure magnetic domai ns 152A, 152B, 152C and 152D,
magneti ¢ domai ns 154A, 154B, 154C, and magnetic domain walls 156A and
156B. Magneti sations 158A- 158G represenH t he magneti sati on on each magnetic
8 ani sotropy of shield 150, domain

donmai n. Becau he nmagnet ocrystal | ine

wal I's 156A qﬁﬁ@’fel%éﬁao?&ﬁ'rﬁfﬂméﬁgmeé shipldt 160 off thecpriesnt Ghvéidn SdheYaris! S
of shi el @ndé&Ono Axteredlahk ma ' omai n wal | s 156A and 156B I's that
each is cgnstantly atterr%)hteiﬁ%gﬁetl%s'sggﬁde%qj q”cﬁg{]es closyire magperics doinains nE2gy

state. THE2BoWe2E apddS2D) enagnetiodomiias ¢ 5i ' carresponds with

the easy Sé%sm?héggi el d 150. qulsgﬂu'r téguéﬁi @?c@gﬁgwi&%ﬂw&w of
shiel d 180°f r eS@RRCUSARQNSt §58A - LIRE cdpresent thy tERmeARY G SRk netic
field frgamgin[raggﬁ?g% gg@é @5 Tt}e magﬂet ic,field is represented b@% Bw
162. Ext erdnzlil fle 85 V&, faguetheryst 108 A0Jsgirepy 98 shiekB 50, 0dom4iat walls 1564

di rect i oand 156Bvacint themaelves | field 162, As shown in Figure
9, ext er&gl field 162 is léﬁgpe@gtﬁgﬁﬁlsgﬂﬁom quiq%&!@iléﬂ: Arproperty of
magnet i SBRBRAYS domugin Prdls andt F6B3 that @ch i¢ ' i qn. Wever ,
it can bg ag&sFlg eF;rI%ure 9 that magnetisati oés%&%ﬁgfg@n%?&ﬁﬁ?éﬁm a¢ the
correspond 1O C ! TRatREt i thedaiestpossible anery Brate ﬁﬂﬂ@bﬁs%@ohesﬁéx@ig%&%

r ot at i ngthe Basy d4i€oPélia818g, of external field 162. Magnetisations 158D 158G
do not rotaté since these  nmagnetisations are initially positioned either

paral | el or &rigiread ds laedrossesectioml Widw bl Wth this parallel |
schene, r@?net i sa{ttpiégns 158D- 158G do %%{@i}%%d;?%q °Fn§b€e%ﬁ?mtlﬁ§£r§--ozleoma_mg

shape of BeFHER PECTRSY Megneticfieldifrom 8520me62 Pedi. Ctﬁ@ﬁﬁ%‘?‘i@?ﬁﬁs %%%ﬁe%

domai ns py pRé 180d respective magnetisati a Grar e
initiall 3{ posi tliag'ne &B%Iaﬁglﬁﬁgp @B&éﬂmﬁsﬁanmselim-wsc g0 @otateinSd dRection

wher eas tewarduthe dirgtioh ioF &k@dFRAl a 52C, .wWhose respective
i o k I&ﬁll%?f a?lgyshﬁé' i 17 Bisuge §nteixf9&iiﬁil field 162 is

gﬁ? gretn:at?’gé’%aggé iiggog’ggh}dfggngéig.Thﬁb,enﬁgﬁaggﬁédg 845,198 Cl,AS UL 8. mag]net ic
Sore 2 e k! i connad 10 S0 0 MOIE AR
Sondust -1 o mont Speray®, dbete MaBREL Qb TEO150, respetivi, e noromtingnof
Shiel d i’gg;‘”zﬁ“&éfeff”ﬁg?sﬁﬁ??&% P eERUNEN 1D ASEETH Soh e s tesen of

nmagnet i pHQas: e jaitialtpasitioaed eiheTspyales) tdryantiphfl1eP & tegigpna?ftéél'fggl%% ic

domai n waiH sl?ﬁ.g, B are controlled to not nmove 1IN a diTec
towards read e erréﬁ'[k g’&égg TagHs31en8 R8P SRE do ne6ratite] howewd: iy HrC8nd

bet weershape ofr closuzg nhigrerié UBRiAS 1520130 &OS%Eéng%r]d los%rr]ee tz{rxacgnetic domains

152A and 152D, whose respective magnetisations 158D and 158G are initially positioned
paralle]l to external field 162, grow in size; whereas closure magnetic domains 152R and
152C, whose respective magnetisations 158E and 158F are initially positioned éntiparallel to
cxternal field 162, shrink in size. The change in size of closure magnetic domains 152A-
152D will cause a change in shape of magnetic domains 154A-

s 154C; however, it will not
cause the position of magnetic domain walls 156A and 156B 10 move in a direction toward

read e i i
lement 160. In prior art sendust-formed shields, there was no control over the iniria]

locati . .
ation of magnetic domains, or consequently, the position of magnetic domain walls

Shi .
hield 150, however, has amisotropy that allows for the initial location of magneric domains

to be controlled. Consequently, the position of magnetic domain walls 156A and 156B are

controlled to not move in a direction towards read element 160. Magnetic domain wall 156

will remain pinned between closure magnetic domains 152A and 152B and magnetic



11.domain wall 156B will remain pinned between cl osure nagnetic donmains

152C and 152D, since a property of each magnetic domain wall 156A and 156B
is that domain wall 156A or 156B is constantly attenpting to settle at the
| owest possi ble energy state. The | owest possible energy state in this case
corresponds with the shortest possible,length of magnetic domain wall 156A

or 156B, Therefor magneti ¢ domai n Wal1 s, 156A and 156B will stay at a | ow
and condqmRAR ‘Bﬂg r1§§5 ﬁlﬁt@uﬁgbl’@% BEtWSER AQSHIS maghetic damains, 493 and152D,

Cri . c . ] 152 A _ . A Lt |
acvant adioee PR s FagBithorkad W o a1 320 soas domain B 88604 88nce
W th t he54B §s ebhstasntlyeRitermtidpato BQES dt Ale dowest PAREIbRY eltirgy st¥ el ThdTowest
magneti ¢ pernmeance when subjected to ac magnetic fields 1n excess of 100

megaher possible emergy stateindthis«case correspondy iwithothesshartest ipossible dength if enagnetic
i ngl ti i t g, adj t to, t j st i d.el t - of
2 TagnetritaRc AR on B TG Bputif s HallseleRoms e Fal sBIF back
f dat Jmgnat d he- Is } oSt rd o ' f
ot on 1S Ae8 cRARR,eckrdP i pollibold Beien AR ARS IF Ehiglill BbEd °

el enment clogiire snagnetic domains 1IBYAFSADs of a shield having ani sotropy that
results in controlled |ocation of magnetic domains. The present invention

di scl oses t wineadditiongl sadygntage ofathes present inwentiorods thatay shieldydes dnon

gord
br esent RehordiZe, il ekl Slcititn 18 Hokn 100 B 6o s DD of uaghefiBY .
only angerideaée Whé]fs@é&t&?io?&@ﬂm?ﬂetﬁ Q85 Bexckss D0 MepdtRrd dlodgd e hard

nodi fications can be fmmade w t houl departing fromthe scope of the present

i nvent i axis. 12 CLAI MVs:
1. A shi e for a read elenent in a, netic data head, the_shield
conpri si ng: Jrge preseqt SIBXeNtoRe ACHISYSTed SPEE, MAGRTSH Jomam stafe adigfent 0 2 4

recont SRioRlet A0 AbRLA0Ur L UBLBIAE RRMGPILED LY i attle
t he seegpaatatle stable read back of data from a magnetic media. The present invention restricts
the area of motion of shield domain walls to prevent their interaction with the read element.
This is achieved by means of a shield having anisotropy that results in controlled location of
magnetic domains. The present invention discloses two easy axis domain walls 156A and
156B; however, depending on the dimensions of a bottom shield, additional easy axis
domain walls may be present.
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 the scope of the present invention.



med in claim1 wherein the anorphous alloy formng
the sﬂ!ﬁ“ﬂ“ﬁ ﬂl};‘mﬂ the group consisting of cobalt-anorphous famly all oy
Asshield as claimed in claiml or claim2 wherein the
seedl ayer is formed of a cobalt-zirconiumtantal um alloy. 4. A shield
as clainmed in claim3 wherein a perceny f'ige wei ght of cobalt in the
seedl| ayar @ﬂ%n the range of substantially 70%to 90% 5. A shield as
cl ai mred I'ﬁ\ im3 or claim4 vvherel n a percent age weight of zirconiumin

t he seedl aye I ntalumin

t he seeglayerA %Bg%ﬁ&&%d% ﬁ?@%egﬁl ncl ngg&m%épé mgapercent age
wei ght of colaabédlayzrtfaenaxa@ﬁﬁm h@ssan@y;mulal I y 90% a percentage wei ght
of zirconiumin the seedlayer is subst antially 5 % and a percentage wei ght

of tantal um i8n seernds daysrayafr ans m&hmalmxymcmlloy? havingA boith e Ingaragero .
clained_in recedi n er.cent

o o mend it fid A2 Rt ofhEY otk e S HRR S et

per cent age wei ght of silicon in the second layer is in the range of
substantially 6% to 10% and a percentage wei ght of alumniumin the second
| ayer i2.in thshieldngelaihed im&ahmﬂiwhdrgmohe amofgh%s alldy. forming thei seédlayes is

clainmed_in y one of  the dlng Ial rein a percentage wei ght of
iron i nffpﬁb&&B\‘wcqﬂ&%ﬂgP %ﬁtﬁfoﬁ% 8jckeht age wei ght of

silicon in the second | ayer |s substantlally 7.5% and a percentage wei ght
of alum ni-umin the second |ayer is substantially 3.5 %

13 9. 3, A s ehieldags clahé® s iclhiANy o taiftf 2 WEerbinehe WeBdlageraisForeares & the
seedl ayer has a thickness within the range of substantially | Ohmto 1000nm
cobalt-zirconium-tantalum alloy.

4. A shield as claimed in claim 3 wherein a percentage weight of cobalt in the seedlayer
is in the range of substantially 70% to 90%. |

5. A shield as claimed in claim 3 or claim 4 wherein a percentage weight of zirconium

in the seedlayer substantially equals a percentage weight of the tantalum in the seedlayer.

6. A shield as claimed in claim 3 wherein a percentage weight of cobalt in the seedlayer
is substantially 90%, a percentage weight of zirconium in the seedlayer is substantially 5% ,
and a percentage weight of tantalum in the seedlayer is substantially 5%.

7. A shield as claimed in any one of the preceding claims wherein a percéntage weight
of iron in the second layer is in the range of substantially 81% to 93%, a percentage weight
of silicon in the second layer is in the range of substantially 6% to '16%, and a percentage
weight of aluminium in the second layer is in the range of substantially 0% to 13%.

8. A shield as claimed in any one of the preceding claims wherein a percentage weight
of iron in the second layer is substantially 89%, a percentage weight of silicon in the second
layer is substantially 7.5%, and a percentage weight of aluminium in the second layer is
substantially 3.5%.



. A Shl eId as claimed in any one of the preceding clains wherein the
seco muﬁﬂﬂ%luﬁ IIHHIHI ckness V\Athl n the range of substantially 1 mcroneter
to 3 A method of forming a shield for a read elenent in
a magnetlc data hea t he net hod conpri si ng: depositing a seedl ayer
of an anor phous all oy, depositim a second | ayer of an

mgnet ot yst 2 T ds it B o7 bne o BaPpeeciif CRUNC ARk the fkdlier RRDa"C1©
treati nm‘ﬂdnesgs\bitmhcthu\/mdge olflgebsﬁn:ﬁuyi 106mit® 100Gy esence of a magnetic field

oriented in a desired direction of an anisotropy field of the shield. 12.
A nethod as clainmed in claim 11, wherein the anor phous alloy formng the

i oy oFni ofcapueid o€ Srahlla o e Sfn PRl Faidhe fedin F Wercileor 128 ¥
Wher ei Ny ghiBle1eSe WBBANY RhialofAhibdtiMially qﬂaia?o p»dss Hﬂbﬁ%ﬁ'ﬂét&s' n the range of

substantially 81%to 93% a percent age wei g Icon in the second
layer is in the range of substantially 6%to 10% and a percentage weight

o AL ol Bl Bk W S e Sl

a shlelgoﬁﬁ@&gntlally as clainmed in any one of clains 1 to 10.

depositing a seedlayer of an amorphous alloy;

depositing a second layer of an iron-silicon-aluminium alloy having near-zero
magnetostriction and non zero magnetocrystalline anisotropy over the seedlayer; and

thermally treating the shield while the shield is in the presence of a magnetic field

oriented in a desired direction of an anisotropy field of the shield.

12. A method as claimed in claim 11, wherein the amorphous alloy forming the
seedlayer is selected from the group consisting of cobalt-amorphous family alloy or nickel.

13. A method as claimed in claim 11 or claim 12 wherein a percentage weight of iron in
the second layer is in the range of substantially 81% to 93%, a percentage weight of silicon
in the second layer is in the range of substantially 6% to 10%, and a percentage weight of
aluminium in the second layer is in the range of substantially 0% to 13%.

14. A magnetic data head comprising:
a read element; and

’

a shield substantially as claimed in any one of claims 1 to 10.



