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MAGENETORESI STI VE REPRODUCI NG HEADS AT THE SUSPENSI ON LEWM@"EHMW DRI VE
MANFACTURI NG FI ELD OF THE | NVENTI ON The present inventio t he
production of nedia drive assenblies which include a nmagnet orédpsti ve (M)
head and, nmore particularly, relates to setting the magnetic state of a
thin fil mnmagnetoresi SMA(@'\?E?[@NEWW RY [ FRAYHRCOBIPHON [inime assenblies.

. BACKGROUND OF THE | NVENTI ON The prier art discloses nagnetoresistive
(MR) reproduci ng heads thaMfeﬁé‘F%T@RbEa‘seHI\bE\Rtﬁ?@@r@é#e’t’%@em stive effect
exhi bi ted by thin fiikasH¢ampased sefs @ § @ Q el Gt $4EDIAepdIgad
incorporating an MR transducer detects magnetic field signals through the
resi stance changes of a n MR trandddtldk "&CeheRINSs a function of the anpunt
and direction of the magnetic flux being sensed by the MR transducer
el ement. Responsive to the drive toward increased recording density, batch
fabrication pridddsi€3FnEE Be¥ENIdEINoped for efficient) high vol une
production of mniaturized MR transducers. Typically, a batch fabrication
process for MR transducers enpl oys known thin film nmanufacturing techniques
to produce a Wher phisbyt ofivention telstas docke saroatucaxowacﬁfemeﬁ'm drigé eassdnebvieds”

processing. A t he k e}

transducers V\h%{zu cel&?) ng't&rggstxwpxb)lf\%igead apnr %% %rybﬁgh%gl ﬁ}[( rQlates to

i ndi vi duat ed lsyttm@tmlengagm state of acthin Hifre neigneteresistikaclament demrxg nmAmndes a
head structur i gcing head. It is known to selectively vary
const ruct ui on%é‘wlt{lrﬁ é‘ﬁ%ﬁge %%S%Wcturl ng paraneters in order to yield an MR
A¢ansducer having a particular magnetic state which opti m=zes transducer

ineratlon In t q}Q‘ay conprise soft ar hard -
bi asi ng el emﬂégﬁﬁ%lsNﬁﬁﬁﬁézwg ch process in which magnetic
fields are applied at certal n steps during wafer |evel processi ng These
COMEOTRSs ¢  HRoSS b H MBS PL A0 bbby kT
so on. Sec, f@as@(aﬁphe,ma@nlatorbﬁﬁn&tefﬁdct exXhli €Tt fhlﬁimaloh@osaf of _céf-
Mo L DR e DR R PR e CRPLBRLEAAEF

the M R head. figld sxgnallsy)lrctdge thei resizthneea¢haogessifep M&ersngitacxeelamenhes Waf er
level and at ct[o?x\'\{?é B¥Sno P &x?gctirx:}g%?tﬁ{@ \Agdertﬁ%[&t 6’&1&%&:@9&’ b?' the
requi renents of manufacturing and asse Ver) sofe process

oper ati ons t h&Rogangduger elageand after rovv-I evel processing have been
proved to al t@ies{g&%lvegaﬁa{e 8ri%¢ 8war in F&ggﬁ%&ﬁ@r&ns&f 64@&1? APRA0A theR

i nventors have concluded that I ntentiona acclrdent |nsu ts to an
transducer oc®uPeerssy Havs MyeAndeveiansd fyweilisieal. pishc ¥elimy Rradutions&ft he

formation of danBingzddIMRardAYdcdrk! mymnﬁt@b%h %m\{@atmt;ﬁﬁee& fORVER )
alter t he magneti c ori Wé)?tl on of exch ngeagl%}%ers in soft bias transducers,

di sori ent ‘ERgd UETR GRS KIh IR EtUFWgHE?lH“%‘?eéstotﬁrﬁﬂg‘EFu%er s.
gI y and coblaatityef yuct h@ﬁ@dlﬁfef‘se@tﬁ& weaer @l tvedfed leelmpegdetsing. Shawefeof an
MR transducer. 'Hhe i He/ntor have f und hat ?rlate at i netic

of the
State can st i MEBAHERS TULGTSUIE el Uity ObFrapiaseisanughaks olrdit on,
Rel atedl y, M Raw-avstfupsrcsssitmtandxthiehi mdmchlatainpyidumdeg respomsesegparatag

rowe Level testiagcanchaiiel oW ARl LLUAE. LEADANS: d Sl ek A1 e

sliced fromrows an r| ve assensit fior art does
not di scl ose &t priovess td erlearariy oty uronag: cmemcaatajk5|amismanuﬁmhmmvtmeamgnet| c

state initial Ly esi aoli)!j%lsn)egle anMAR ‘?gjﬁ?@%@% ﬂgwﬁg Er%ﬁ’}d[ll fg@mxﬁ ngkjﬁ

processing is rernitialize uring ne rrve a 'y "s
THE | NVENTI ONWhich optimizes transducer operation In this regard, an MR transducer may

comprise soft or hard biasing elements and may be produced by a batch proc-
ess in which magnetic fields are applied at certain steps during wafer level

processing. These components set magnetic characteristics of the thin film MR

R
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It is an object of the present invention to aneliorate one or nore

di sadvant ages of the prior art. According to one aspect of the present

i nvention there is provided an apparatus for magnetically setting a
magnetic state of a hard-biased nmagnet oresi stive device) conprising:
opposi ng unmagnettzed pole nenbers forntng a nagnetizing air dap, the pole
menbers being conposed of a soft magnetic material, ., J magneti zed
menber with alwggriethcc™i} elrePhagi ¢y aanficedtdaser drgttieni AClHE 14 anige™ of 7450 to
400 Gauss. the, gagnstd g6dexatnRTBE) RALNG 51 higBAN (L sRASER i Lh, respect
to the pole nenbers; neans connected to the rmagnetized nmenber for noving

t he magnet i zed”,Neicberwbdilivaeer t e kpob &7, menbEr-302.t oward- the air gap to a

first position.,at which the pol.e. ne r onduct a.maanet.i. ' romthe
manet | sed. o™t TR AT EaE T ARE U SRS e RUTRRRE LN sPhILERy
posi tion at wof ahmiaggetpolieldmeibier v @oherdt Cometdy, théénitmigneibncstep elagtef r om
the magneti zed nenber to.the air gap, neaps, at the secon osition

ol uding. & maEe che Hagrdoed aneSiime e byel denshdie PR (L DEUhpEhces
receiving theaﬁ@@@@!ii‘@rﬁ&@%mmﬁﬁéuﬁﬁgfﬁﬂia@s&nﬂﬂﬁ_ magnetic field of the
magneti zed nmenber to the magnetic shield; and a disk drive head suspension

assenbly for HOWeYEr SOy BOsicasiRel QREGHENS el aecky clugiagi and rften rafdleyat of
the air gap i Prdceditly hal@ bk ProPedVed MEPHRRBnRE st JFAUREHAEAuEBTDET -

In this regard, the inventors have concluded that intentional and accidental

insults to an MR transducer occurring during and after rowzlevel processing

(J can cause the formation of domains in the thin film magnetor€sistive material
‘ layer, alter the magnetic orientation of exchange layers in soft bias fransducers,
and disorient and demagnetize magnetized layers in hard bias transducers.
Singly and collectively, these effects can alter the magnetic state of an MR
transducer. The inventors have found that alteration of the magnetic state can

. significantly degrade the quality of MR transducer operation. Relatedly, MR
transducers that exhibit high amplitude response during row-level testing can
fall into low amplitude response after they are sliced from rows and mounted

on media drive assemblies.
The prior art does not disclose a process for mdnufacturing media drives in

which the magnetic state initially established for MR reproducing heads Fluring

wafer level processing is reinitialized during media drive assembly steps.”

SUMMARY OF THE INVENTION ~
It is an object of the present invention to ameliorate one or more disadvantages

of the prior art.

According to one aspect of the present invention there is provided an apparatus
for magnetically setting a magnetic state of a hard-biased magnetoresistive device,
comprising:

opposing unmagnetized pole members forming a magnetizing air gap, the pole

members being composed of a soft magnetic material,



Accordi ng to anot her aspect of the, present invention there is provided an
apparatus for magnetically setting a magnetic state of a hard-bi ased
magnet or esi stive transducer conprising: opposing unmagneti zed pol e nenbers
form ng a magnetizing air gap) the pole nenbers being conposed of a soft
magnetic material; a magnetized nmenber weth a nmagnetic field, the

magneti zed nmenber being slideably disposed with respect to the pole
menbers; a disk drive head suspension assenbl y(HSA) havi ng a hard- bi ased
magnet or esi st i venaghansdunanbaownh at:heneon inEdnsingantidd kedndm it fie: magnetic
nonter for noving the nmagnetized nenber between the pole nenbers to <<

first posithan gt 4%“18Ms‘obegaqek,emmmgg{eﬁz&p@%&- ﬁgﬂggpeéagg pg)ssbg*edf LR the

magneti zed nehber to the ait gap, and away fromt a second
position at which the pole nbers are separated so that the magnetic field
i s not condGPEELHr SWFWCWEE%H zed nmenber to the air gap; and means for
moving the HSA into and out of the air gap in tined relationship with
movenent of themgagheanneeigd e tiremagpgizes dicmfer 1 anptingtheanggnetizest t he
present invention there is provided a systemfor magnetically setting the

magnet i ¢ sthaingser Hetvieddl uhé?bld wefbefsar d- bi ased magnet or esi stive devi ces,
conprising: a plurality of pairs of opposing unmagneti zed pol e nenbers,

o ol PR Inl P 0AS b A AN Slich TR AR dihuf 2

gap, the pole n¥ ein onpose sof t nagn eria

magnetic field from the magnetized member to the air gap; and
() away from the air gap to a second position at which the pole*members do not

conduct the magnetic field from the magnetized member to the air gap;

means at the second position including a magnetic shield composed of soft
magnetic material for receiving the magnetized member and confining the magnetic
field of the magnetized member to the magnetic shield; and

a disk drive head suspension assembly for moving a hard-biased
magnetoresistive device into and out of the air gap in timed relationship with
movement of the magnetized member. - -

According to another aspect of the present invention there is provided an
apparatus for magnetically setting a magnetic state of a hard-biased magnetoresistive
transducer comprising:

opposing unmagnetized pole members forming a magnetizing air gap, the pole
members being composed of a soft magnetic material;

a magnetized member with a magnetic field, the magnetized member being

slideably disposed with respect to the pole members;

a disk drive head suspension assembly (HSA) having a hard-biased



a plurality of magneti zed nenbers, each with a nmagnetic field having a
strength in the range of 450 to 400 gauss) each magnetic nenber being
slideably disposed with respect to a respective pair of opposing
unmagneti zed pol e nenbers; neans connected to the magnetized nmenber for
novi ng each magneti zed nenber between a nespective pair of opposing
unmagneti zed pol e nenbers: toward the air gap between :he respective pair
of opposing unnagneti zed pole nenbers to a tint position at which the

respective paidetdtts P amabeisneoneuctianmagnetic field fromthe
magneti zed nenber to the air gap, and away fromthe air gap to a second

position at "whi i.ve N e ) I:S, : uct a
magnetic field r(%];’n ? %l{en%%@gﬁétt?{ezgﬁghn%}%ggépgﬁ lé)%i F@Wﬁ?\rlﬁgg& lﬂ%naeﬁg at each
second position including a magnetic shield conposed. of soft nmagnetic
material f ORERReiBFHEF™ thﬁgﬁ@{gei PRUTPRERDEY dand st RASIHtn Gt t WBiGkadhet Peleri el d
of the magnetized nenber to the magnetic shield; a plurality of disk drive
head suspenmsémberasendirt hasagnetic fiietl kmdihe wegheazdd sespenso dre As geppl yarklavi ng
a nounting portion for nounting a hard-bi ased nmagnet oresi stive device; and

means for nRyNBothhe Ririga ot ¥ s@londi pakitidhiay dHi@ede PotPRBAIDER AESephthieas,
such that the nounting portion of each disk drive head suspension assenbly

S o amoved b AR i FE SRR frof el RagUSAY RRhBE 6 Wk ai

movenent of°
) gap; and
() means for moving the HSA into and out of the air gap in t—i;ned relationship
with movement of the magnetized member.

According to another aspect of the present invention there is provided a system
for magnetically setting the magnetic states of a plurality of hard-biased
magnetoresistive devices, comprising:

a plurality of pairs of opposing unmagnetized pole members, each pair of
opposing unmagnetized pole members forming a magnetizing air gap, the pole
members being composed of a soft magnetic material; -

a plurality of magnetized members, each with a magnetic field having a
strength in the range of 450 to 4500 gauss, each magnetic member being slideably
disposed with respect to a respective pair of opposing unmagnetized pole members;

means connected to the magnetized members for moving each magnetized
member between a respective pair of opposing unmagnetized pole members:

toward the air gap between the respective  pair  of  opposing
unmagnetized pole members to a first position at which the respective pair of pole

members conduct a magnetic tield from the magnetized member to the air gap, and



6 The foregoing and other objects, features, and advantages of the
invention will be apparent fromthe follow ng nore particul ar description
of the invention as illustrated in the acconpanying draw ngs. BRI EF

DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic sketch show ng a
circuit including a nagnetoresistive (M) element for reading data froma
magnetic nedium Figure 2 is an isonetric view show ng a portion of the
trailing end of a head suspension assenbly (HSA) for a disk drive to which

a slider with an MRr& PEAAHERF%ANAB0 do8 OMLRH: ar FIGUH e Fed A} 297,gm
illustrating the ap;;\Iai’cati on 3f Dal% [ n\i tei a{LTiqlﬁaiqrEg fai[é\l d ang Sépgégé"u@?r?g

field. to an, HSA i ncl udi a reproduci ng head. Figure 4 is top plan
i ew show ngeraPRpRE bRt RERRRGTEL Qo TaS masplthE saitis Tt bR
reproduci ng head according to the invention. Figures 5A and 5B show

rel ati ve ms¢@nment between an initializing field and an HSA-nmounted MR

reproduci ng head. = Figures 6A-6B illustrate a tool for applying an
initializing fieldnaesradieach secondepdsitioanintlading a magaticeshield-comppbevofise of
the tool illustrated in Figures 6A and 6B. Figure 8 illustrates a tray for

hol ding a raljty.of | ; a L4 | t -nﬁﬁﬁn

- manuf act u?éﬁngﬁi‘d%f’{u OIPE%Q?% otrg%gllr%azb tﬁpﬂgg%?ﬁ%durtﬁ%ré&r gwﬁi {dl al'l ttlh?)ns

according to the i.nventjon. Figure 10 is schematic diagramillustrating

t he suppr eé‘?ﬂ%‘l‘bhe%‘gﬁhe F@&Rﬁ‘%&%@?%@d@&ﬁ megnehc sRieldi ¢ i al i zi ng cel I s.

Figures 1 TAand 1 1 Billustrate a second manufacturing tool for

perfornm ng nul & pluealgpnefudiskndriveibend i sabpension awsemitdies,r daahgdisk diiee ibeadnt i on

(g' gure 12 is schematic diagramillustrating two magnetic eFrcuits each for
rf or m ngsigpkhdioh CagkeMmbly r'€iving & NnbahtingatpoftibnOfod Mbwitalg tay Hakd-biasded

during described manufacturing. Figures | 3A and 13 B illustrate

alternativ formang reinitalization ion according to the

i nvention. ﬂﬁ?gﬁ#’i‘*ﬁ@‘"ﬁﬂ%‘%ﬁrﬁ‘fgs t he manufacturing tool for performng

mul ti pl e concurrent ) . . . . .
P means for moving the plurality of disk drive head suspension assemblies, such

that the mounting portion of each disk drive head suspension assembly is
i
moved into and out of a respective air gap in synchronism with movement of a

respective magnetized member.



demagneti zations of HSAs after reinitialization. Figure L Sis a flow

diagramillustrating a disk drive manufacturing process including an MR
head magnetic reinitialization step. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT Figure 1 illustrates the response of a magnetoresistive stripe

10 to magnetic flux produced by noving a nmagnetized storage nmedium|2
transversely to the MR stripe 10 in the direction indicated by the arrow
13. As Figure 1 shows, the MR stripe 10 has a planar structure that is
oriented perpendicularly to the nedium 12. Leads 14 and 15 connected to the
MR stripe 10 conduct a con y , stant DC current (IDC) through the stripe.
As is known, the MR stripe 10 is a soft -magnetic material having an initial
magneti zing direction indicated by the arrow 16. For the MR stripe

enbodi ment shown in Figure |, the nagnetizing direction 16 is determ ned by
the initial magnetic state of an MR transducer into which the MR stripe !
O is incorporated. ‘In_Figure 1, the direction of nagnetization happens to
be opposite the diTkefomsgoiog 4rttothien obicktsr fedwsisgasd advantagegnbthezinygntion

dirrection may diyerge upr.e irectio S -head
may i ncl ude ot hgv\r{ﬁfl%a? EP %gh% ﬁ?rﬁbl{}%sﬂ%”ﬁg’s%&tsoker ;BBretﬁ?ba_r %%Wegﬁﬂi’l@tlg I pe

i s biased, the magiet agdlusaataf int the stomparydgsdrasdngshe direction indicated
by the arrow 17 at an angle Ofromthe direction of the current. In
operation) the magnetic flux produced by noving the nediumt2 in the
direction 13 chargeyFr DESEROPEIOR! OF HHESORIAOPINGSt he MR stripe |0 as

i ndicated by the arrows |8 and 19, producing an angle AE O fromthe
(directi on of magnetization. This, in turn produces a change in the stripe's

resistivity. The. ge J 151 Lo A I i gnshi L0t he
change in O and%lcggllggmi %eé s aeg?ﬁtgcdé%é&l{ﬁ@ﬂgﬁgggw %@L@ng @%’%&(},}1‘3&%&{?0
deep current | DMR)-eddmait foetresding tdaea Fremds magnetivdmédiumbi gure 2 is.
magni fied isonmejric view show ng the end.of a head slider,.assepbly (HSA) to
Wi oh | mount oBIENTEA8 6, POTIeHIE VoG FLOHiN MRS PO B Hh 50 O BESRh M R
stripe. The Vi efuspendion@acsnitle (HSA) forq @nddfivéio whichhesliket @ith-an MR re-
Conventionally) an HSA 20 mahufactured for use in a disk drive includes a
slider 21 nount@pdusing keadrigdaowrted: f| exure 22. The slider 21 is
manuf act ured USERY£QNYENGLORAh ikl @E 855 ¥ DG .HLRg M th
a ceram c wafer %%rwgi gh alla ﬁ%éﬁﬁty g% heagﬁgct%rgiagﬁﬁggsﬂ\i/{mﬁ?ﬁlggﬂqkwhH
reproduci ng headegaussing figldfoagn H%A indudingiangRoreprmimingdehdi ques. (Fi gures
1 and 2 are notgjnt L m Ny .0f . the. [ nvention. since the
head structur esF{ré{/eegﬂgg %ﬁé&%g‘gﬁeﬁ gﬁ?‘ﬁlﬁg?élhﬁﬁ%lgﬁtfof’eo‘?etbeeﬁbaﬁ?esqc tee%\(;(/a or is
t hen cut into rH&3\-andneat MRaepraiusingiedd (atchrding "toithé mvemdbnvi dual sli ders,
each with a head. strugcture n,Figure.2, the slider 21 inglydes ead
structure with 2'8VES %‘ér%ébrﬁwﬁ’gﬁe&aaﬁd PRYEOST AEess %{h‘wﬂ?%n@ﬂgcaé’rd 25.
A portion of then Hnsdooeed iNRgRdbdudtt hdadFi gure 2. and i ncTudes an MR
i pe 26 having an initjal magneti zi direction 28 that is determned in
t by hard bi g@“ﬁ%?g%t ‘%:ﬂlé‘figgr&ﬂ gooi?gfmlﬁ@g arrHdtipliging fisld agqrdipe to the
transducer strughbigoRf Figure 2 is not intended to limg this ' ,
invention. In fact) the MR transducer structure nmay be-any whose initial
magnetic state FEUpIsetdt’d phatBdse9f shekobilusidaed b ifigureod ehd Bnst r uct i on
de tails and mapyf.ackuni, e .S58l 66 ination is intended
to inpose a particul glrmn%gantgt@?gpﬁ gc{r?oé%_ﬁf ﬁgﬁk}%ﬁ%fgfnggg‘?z'er, one
characteristic bifgunsi Th dngd Ythdlustrgnetifrsitmaorfeitnect tan for pEHErrth NYENTIIQN The
inventors have found that the operation.of an MR transducer neasured after
HSA assenbly cagnOn I rfegp reslpﬁ}??lizflé%'hst ‘ilc)/cgfdrlg%”ntoogleerlgﬁnélﬁnof the same transducer
nmeasur ed bef or eFande dOrik ngsdhewidtievaihe prociessiangg tdsd@etssioh e fieny RAKLES

have found t hat ug totw to t,h,r,eg percent. of MR transducers in a batch
can exhibit a sPGNEET cHMCCREERIRYRHAMEFBUt put fromrow to HSA | evel

measur ements. TRV @PAI &4 NeBUlifuStrhfOMstddRdl MY LGOI Sing B8 fof Flek-@Pmi At

such a decline in operation results fromchange in the magnetic states of
t he degraded tr@&fsiriespacwatsedimiiavzmionsscRedngent inamioor intenti onal

insults to O



the MR transducers resulting fro;:. manufacturing and assenbly operation-.,
up to the HSA |l evel The inventors have di scovered that resetting or
reinitializing the magnetic state of degraded MR transducers by application
of an initializing field to the transducers after they are nmounted to
flexures can restore their nagnetic stat’es and recover their operations to
| evel s measur edraturé he gnghefawal @bz RHOGBRSEANE: AGCOBEING! drc tBEcidIvVest i on
includes reinitialization of the magnetic state of an MR reproducjng head
by application BTN IPRHIMYIEPICFAMRGUFCRY Biniyaligatigs Onad @&f?%tylﬁ*g*d§653ﬂlifwga

di rection whi chydss isubghanticahdiy, parallel to the initial nagnetizing
direction of the MR stripe of an MR transducer on a flexure-nounted slider.
In Figure 3, theigupdstlidt pril AgBrilleptdatesalierditivatteds 6y parformme kenidakze tigher e
the flexure is : ic material, the inventors have realized
that applicati o%lgglf%lﬁ t%éﬂrﬁqggél%&a residual magnetic field in the flexure.
Ther ef ore, the Figuentdillsistrates tie oaindéttifrorg tdelfaupsifomninpenviliplk eosgunndren

. necessary, by applicat.iaon of exure degaussing field HD in a direction
orthogonal to t‘ﬁ‘%‘“}%&@héﬁfoﬁsﬁéw}r“%éﬁ%ﬁe“}}g%ﬂ% "R stripe by means of

degaussi ng coi IFigOre(i3 is 4 flewrdiagdndilagtratinppd idis&l drivei matifgetoeing prodess n-has
applied to it a,decayi vpl tage.from.an AC generator which can be
swi t ched oh ancfhb‘f‘f‘.g a?ﬁgl@g?aecgmagﬁe%q reﬂ‘?’lEg]lf@&%g‘sﬂPng field is indicated in
Figure 3. The strength of the initializing field H nust be of sufficient
magni tude to influence the conponents %f an MR transducer which essentially
set the transddeETAILELYRESCRIPEI@N @ THERREFERRER ENBQIPEMENEer i s
@rd bi ased, the field strength of H should be greater than the nmaxi num
coercivity field of the hardest magnetic material in the MR transducer. The
i nvent ors have Higured! tithestragesrtheneasponsei of] al miagnetogesistive stniggt HO itg magnetisnge
of 450 to 4S00 3 ' i ne:har '
transducer s oviiapPaacaFty SVl s aleRted bRk Al 2 ShE a0 the
the i nventors MdRestripand inhthe diecctinntindicitedibiyathe srravhd3.HSA Higurel 1 sliows,i ve
manuf acture is t kL 12C %1ﬁ E[} . j L,cal
fabrication opetrﬁgai}tﬁ?gnsgg? %\lﬂ/?ﬁlh\%%%ga g ﬁe v ﬂrgﬁégdgéﬁgﬁﬂg?%@!gg%g{ég{ae p?ﬁﬂgr to
this stage of dnekumrile Lpa«kdduéitaindnlS gimnectednds thooM R seripea bt omdyicofa ¢dme MR
transducers w | 0 | Ari : ChUri g .
enpl oyed by thét%‘gg'?gn%‘@egl%?ﬁ%f:i@%‘Iﬁgg’f‘gg"fﬁ}ﬁ&t ég 1£]rrgﬁu gt{hgrl}&;kgs‘?{gggﬁsgt
whi ch sliders arsoftnmagnetic npatktielkbaving tao ipitiatl nmgnéetizing direction indécatdsl b¥s i s
called the "HSA.lLe vodn ' galoﬂ{ : N o S .arc
typically pr oc'e%tsléseaé%rr‘f piéést?tc;} ft P ays maslq%%g ﬁ&b%d%ﬂﬁs%‘%%aﬁﬁgﬁsgée&h
rows of ten. |magngdringdiregtion dioris datermined ghthatinidial ntagaetdti gktedrfiapeMR
manufacr uri ng REAGERS: ARSwRIANHE! GRLulRal] €188 PIARAN iElaReuldygn-
tors was to performthe reinitizlization process ‘the 1'nventioh on as

y HSAs si nuirectivacdfshggiatizatiph dsppenstt &y cppogiedbe idirectiqn of M s In other

i cation, X . t N I N ssi ng
coours.) Provi B pnge i SreiAGERAREub s e tbiEihe cSHEh: aREARSE DT
afforded in thé\s sdynomasahtMddR head maynocude otheafeatoe$ tictrifiasgihe dRostsipand
i mpl erent ati onsatyAh I . The, tr 2] tool. for, reinitiallzing
the magnetic s? gt eWEc} gl%% W%r?gr\é‘géclérbslgg?’ &hgﬁl%@ﬁ%a@\?&oréﬁe oﬁ”gg aggrtl}n\kleg the
manuf act ure i s dosech updipatad gy et azbwgl 7appan anpgs Qhfbem tha dtregtior of thki ch
has a nmagneti zicﬂgregpace in the formof an air gap between a pair of soft
magnetic pole pieces for receiving the jailing end of an . HSA An
initializing filelaperaidmdue echgnntit Aexgirodwgag byymb¥ieg pid emepivac e .in Tiedai r

gap provides a well-defined region of .space_.in whic uni f or m magneti.c
Pror 8y be crbdtesl® R ERaentriEl B igd e MR ihe Th 2 deHE et e
pol e pieces istdi cicabedulyld hedpos) picaniing of ahfle MRGrimpenhonitcb8odVidf
reproducing head within th nanufacturin% tray, the size of the trailing
end of the HSA,m%é’r{H“FHéthrr%NSt B TRRICBEICE At ARG Blestapfcercastivipe The
Initializing ficakfge i ga4sRSitHMRBNI kBoBnirklaUSAIMA &iGURRMHNBL iPPERS AR
enpl oyi ng the magneti zi ng apparatus of Figure 4. In this régard, if an MR
reproduci ng head is noved into and extracted fromthe air gap region while
the initializing field exists in the gap, it wuld traverse fringing fields
which nmay inhibit the full effect of reinitialization at the HSA | evel.
Separating the poles as illustrated in Figure 5B while the MR transducer
remains at the nom nal center of the air gap can also result in

non-uni formties produced by undesired fringing fields. One novel way to
reinitialize the magnetic state of an MR transducer according to the

i nvention enploys a permanent magnet which is inserted into and noved out
of the magnetizing apparatus. This is shown in Figures 6A-6B where a
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Fi gures 7A-7E show the process of the invention using a single cell 70. In
Figure 7A, the noving magnet initially resides in the nagnetic shield 63.
Hence) no Held exists in the air gap 6S. In this state, the cell 70 is
noved (or the HSA 66 is noved) to place.the trailing end and the MR
transducer into position as illustrated in Figure 7B. In this position, the
nom nal center r A i goned. Wi, h respect neti zing
direction of an%ﬁ/@&%}@geb)?ﬁl% ”nlsaﬂg% rgJOT\/I:\’ fr{a‘h’stﬂlu% L“CL‘CCIEQ IItrbr\le/\tvl rr?(gnﬁv%r?ﬂﬁt of
the cell (or HSAptwantthe lpdsiltiomi 1§ ustrat ed in F| gure 7B the novi ng

magnet 60 is no £t net . i nka e LISt Posi tion
bet ween t he pol Z:e%lfé?e%g%é%e%ﬁ%% ih" Fi"_éltﬁ‘e‘“gf ¢ %dholféhhcgﬁd e s %
initializing fi ¢H8A)SotWish i oduaed ametharmtﬂrega@u@iﬁg aBl eprouiutingl head i on

of the magnetic s at e he transducer ach eve is then
returned to its"s %M%giﬁqu.gﬁheﬁm%g tﬁ'}i@tdetﬁ‘l é”"é “g @E}é’gqgﬁg’\‘/éf

Figure 7D and t Wenkemichallp, ddd1§AP2T aranesyparred g yseftald dtsk(’dmredmzﬂrdés a
Finally) the cell,k a HSA a arate Ei e

i nventors have 85?&93&80%%?%8 gerﬁf%cﬁt Chjifal‘?etxlltee %V:TH%SIH% 32?5 g@“”?ﬁ%”feﬁje
first position bﬁhg\eemvdnlmenpldbacplpe@maﬁ dectqumtueginﬁmgtwlai & cérlamié melfer

strength in the_air a fore the cell is
adj ust abl e and P2AR ‘&b pgtlﬁa}}ty oﬁgx%cgﬁerggpregtvpﬁk&llf r?ﬁr? é dgyage fpan-
provide for varyfacgurdeaccadidg & dnbwneteshniiles e(Fig@ires/ layd 2t he norvigndmdesl

contenpl ate tha he nmovi nma an be re ed by a stationar
el ect r o- magnet éﬁn]iL"BH thg pr B‘g'c t?gn@f é?jg‘t“ﬁm&st“ﬁ%l‘hep%%ét gwﬂug S DAY 459

@e cost of spaperatethindim Write elemkstsartheprafed Sltm aft igtoolt agd eaoh rroar
I

broduces.the opt FHcH ¢ Skt ddnta eyt Eareis BaRE G oy s Stibe S g .
gap w t hout a nZghetsliderf2leindludes ragleladchnmenhre Whthsa MR rapsod vingpintasin24 shhat
Fowever ) the | niciEst 4R QUL EaR00E . A BER RN t8nid G4 BomagiRd 5°
when circunst anEvesreaBIaowmtlyderﬁaamMRrﬁtnge 261bavmggaenmbalfmmxutmlcbretch:enHSA
I's moved into andipitis QbtelAfed! F‘l ;QﬁPb aﬁ?b&@'?n cAPREAEARYLI% Y24 Ne5R

skilled in the art, single ce Retizin aratus can be enployed to
reinitialize a kad ‘Uﬂsqdlswg{ t@ﬁédwféﬁé‘ﬂ%i/of éﬁ@fe a5 aeti igtenidad do dimgit 4hison
enpl Oying a I obAiideS Th! ABEIthe MR dailiGkeR Qhrubiufl tma‘}"ﬁ’&%ﬁ R amatEl! N9

to the invention to tray leveél. O course, a manual operate could
al so be inpl enéﬁt‘@&?tlcﬁt@f&r‘%PBequt‘FrGBWChtb¥§ Sﬁﬁéteéllcgfﬁ‘éﬁaﬂp%ﬁf 6?“%‘“@129 qe3As

for tray-level @noeaashirhfattrini §aré§ﬁ@€r§i Tﬁe%é’l@?ﬁ.’ecﬁ@mﬁ’étﬁﬂx&?& lfr%ta%urtg
support For traé1 | evel Brolcess n% 87 B i ndi cat ed by
ref erence numer'd@iPo84 2 BHECY ARy &S “ﬁéttfaé’& tgedYI %YFPStd)‘;‘c‘Eff OHBF %‘@ﬁf"ﬁtgt‘c
support nmenber sof vetnieh d&f thehhednetizationlidétd. by ref erence nuneral 82) and a
plurality of vertical cross pieces, one of which is indicated by reference
uperal 83. The support nenbers, cross pieces, and | J HSAs arc encl osed
in a tray peri phHEyINYENTN®Nupport nenbers) cross pieces. and periphery
are co-planar, the tray having no bottomor top surface« Consequently the
trailing ends of the HSAs are accessible fromeither side of the tray 80.

Als Fi gurg_ 8 shome irtvieetolcs ﬁgvs%@otnﬁf PR 4tStha optmi_ahiotxénqttRSftahtduE@Aﬁmt@ulae f
pl aced adj acent| predeterm ned.orientation ermt3|nsert|ono
pol e pi eces intd E/etrhgls% “%?lbuf%% fgﬁgérfé?” §a§ﬁ¥)v§? Ryt Of TECRFWE 90
with a plurali ttyarstiucel tinsas@t]:ed e Edlre gummiedidringd doky laxeplp‘ab@sﬁﬁg hax\/lfditg &hd BGESS
93 for receivi L 9A) the c e nounted in
1x10 arrays. Tﬁgngorr%z;a)sée zg(?%ndgo ér,rwnllﬂ%t ec}W%l{ %rhn\})eécﬁfle mw@%‘%tcegs BA)
which is driverbagh a;amn‘xtubustarQgett"dant/eecgmtom it tmet;tu/tdrcdhn@m td)r&SSArtelt cat ed’
by the arrow 9 Vv v rd t S, Are into
the interior o?mtaaf\?n%t]mgmé %e en""% Je)!%l fhWten FURR %ﬁ)&? hselctel I
arrays are rTDV@ddt(dlrtChH! qmmatm)rmrreshtsv\ﬁomnutﬁmgunrettaﬁrrmlgeert& sthes pﬁl waepdeces

pr ot rude upwar t he space .def | ess Fi gure 9B
shows) a tray \,4 }t aﬁbd%g&scaﬁl%uﬁtbed\ rt‘tgjrs ealcg'dfﬂ t?%b%‘??f‘?sﬁgééot hat
engages the outer periphery of the recess 93 to allgn the tray with the
recess so that when the cell arrays are driven upwardly into the recess)
each cell air gap aligns. precisely with the trailing end of a respective
HSA to performthe. reinitialization step concurrently on all of the HSAs.
The reinitialization is performed when the nufti-stroke drive 94 noves the
magnets of the cells upwardly between the pole pieces to induce the
initializing fields in the air gaps. Next, the nufti-stroke drive 94 pulls.
the magnets down into the cell shields and then pulls the cell arrays
downwardly into the tray IeveI nachlne 90 The tray 97 |s then extracted
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To count; act the degradation mf ffcld strength mair gaps due to a

adj acent cell | eakage "boos." pernmanent nagnets may be added between the
pol e pieces of adjacent cells a_. shown in Figure 10. The boost nagnets and
cell r,-mgnets together provide a high,nmagnetic field :a each gap. The
boost magnets may be coupled into the |inkage which noves the cell nmagnets
and, thus, may Re mveddsludandemmd i LNemh  ALEIMALR] Ys.ckiiy BRest,Jmanet s
may be elininated i f |1s are spaced at rela |ive greater distances
However, this m@d@@ﬂéé@éwme Thgribegntofs MSM%%&(G%Wtb@‘:}dﬂt@d@’s@éﬁ“pér
magnet stroke. T P')%h@lnﬁz%nlé@@%'ﬂa'ice§f érur%%sm&m@&&ess thﬁa?;sipmcwbﬁ bhh? wﬁ
during a first pass frombeing a ect ed adversely by & second pass en two
passes are nadélod)ﬁmlgsﬂléd @ bt er@n$dvcar93afrﬂgltée)t payo P tgdite Beurepcamsiare B
SO an Frbodt TRAE affenful WAtes e ARTHARIHRIAR HALER dialdRadtitpsaRged ot
relatively grea |stancest e|I rate |nt tray leve

machi ne 90 of Iélfg'mfesp@Aesam 98 The tray IeveI machi ne 110 |ncI udes a
recess between r &V, ween
wo posi t1 one. rariRe eghbefliot Halact gk afich @ind hihenpul BUEEE8) 202

119a are engagédesﬁptrhféUCtlmﬂl rhbed Wiyi applica domofi rameldltmrhlzmgvfmld ra\g lmmeé umns
111 b. The tray;

ext ensi ons 113&%&%3@%%?%8&?&( %Pg\f}vel% E?%tm!‘ﬁ? Wgt‘%lgggo %&én&%hagﬂ%ﬂﬂgl der
frame 117 is ndireativreobrne MR skriet ofias M ttmducmqo@ﬁewr@ngoumdé ider st po

sition) wth thg If:]@ﬁk’e gﬁﬁﬁu&&lﬁ??}ehﬁst mdida‘t’e% W"ﬁl 'R ?@C@asé Whet chbe

tray 119 are positrone rernit I zatlon ve cel In each of the
|1 arrays 118exwg is aadetnfsz magnetiqyuagerinl, the ue\ewrprééllave raalizgd thed | aplis f| ve
cdi 15 115 and %é%oébfﬁ[dcin]iéﬁve 4 sSdud pdei€ud hE@linRAR ek 8. Ofpekdifrd "RY 119

five HSAs in each tray row are reinitia initralizing

generating in mwmt%rhﬁ@gpmdwaqz'eiqggussfnge@e egure, whlep gcessary, by @ppli-

exanpl e, at theatfusr{%f POQéxhké)rHegﬁus%ﬁFg hélayﬂb 5], atdaﬁecﬁbxveortﬂ%a sleppted by

reference nuneral 1l 8a in row of the tray 119 and

correspondi ng flagBCHEIAS q"ﬁ‘”t‘% W%NW‘B‘? by eeans of W?Hauﬁﬁd%"?‘hépr(ﬂ'
trailing ends RQSﬂaTtécDGQ ra:ﬂmaabéuyaanrl: aﬂasz)f»emcn @hfappidd tbﬁth@écag&ﬁgm

first position, jrst ten bej r
second ten. HOAKOITERCE R ATy Bengfetei B Bieh ohn SR HADK Sbap ottt dggetisn
reference numbﬁthe]délg&bssaxﬁgﬂﬁélheisMéﬁe&ﬁmmgu@g3pnes inthe front row will

arrays. 1 the BECGRE0e HeoRtARS Hdf HiaSe v or PenssastiB e 77 gn

SO th?t th he fi ﬂ&erkdﬁo%hd%ﬁipbdebbs offar _GMReftmmm ®F Wwhita ess?nt’iallynséme?baﬁk
row of the tra and the correspanding, fi mthe fr ofy the
Cray i 11111 HRpERER metnsti A En e iy e VR pdnodiGer SR Ha®an
HSAs i ncl udi ngtitehBeltii sceengemnof ¢l dhpuld b8igréatert thanhibe knaximvuandodreivity dield
sponding five he fron f t h 9 be f
ot ali zat i heisy Rerde kBN Blacdal b oY MR olloabos® FREERRS npt .
tray |evel rrag ﬁnltmdcth(ait aamgqetxmftehbha‘aﬁg \Mstrctngtrlmy tberauge@f #60 pr 4110 gaaiss he
i nvention. Wi f r terial
pol e pi eces ar Erb%lug%:% béeets\%ggghﬁéﬁg t{arg b?JsQ%g\{?RWﬂEdﬁl:ei ﬁ?urxa'sg%n%orsgg dl?he
trailing ends BJEHS neingduedibiassd magrets ulbartdat, |t<'hbllly\'qmm>118draw fewntkthat re-
Per manent magngfis,) z%%xoﬂnzﬂ t}lgzl-lﬂ\tlg&en Jf%r@e%ﬁ%ufa%?@fsté&aﬁ?atg%& sifed By 123
provide closure to the magnetizing circul I eces are noved into
place in a str8kemad falf:qtgnalt hedga@m@maéﬁ@bmaﬁlhntmra\mnsrxam@umeetrhs Mitken,
Lhe magnets andahluel Pl oyt 1% ShiOOMaRk dhkihbiERyl Sapgzes
and reinitialization occurs nets an e return aret
renoved) fol | ofedt b@/tfreehﬁ)‘\ﬂéllﬂgcﬁfthhé/TBdlf@ﬂséll@ftfésVﬂl Whéo@ﬂ?{fmﬁ rrent i ndl cat ed

by reference n I g 'r i ever ,
i nst ead of theuﬁg&?hSkﬁﬁﬂﬁﬁéggkgﬁ aﬂ@’é%fhgﬁogﬁegfﬁéi%ﬁg%%ygfggnt t he
magnet s used a?bcaém, lthe meamchfagtoriog éwei puairhbeidarseareteurped ¢o Hewerss to
various consi dFFc?btu'Cth%a& Qﬁ&eragsfsgrﬁgllés 8 chifdUSer 113d A 3RRN Cl%tﬂh%mgr'\ufalaﬁlr

I nventi on nmay to selection o relnltlallzatlon magnet1 zi ng too
different fromthat illustrated and described previously. For exanple it
was poi nted out that the inventors contenplate the use of a-stationary.

el ectro- magnetic for generation of the reinitialization field. It is
conceded that a significant advantage of the permanent magnet tool stens
fromthe Fact that when the noving magnet is noved fromthe first to second
position, the large air gap of the tool presents a large reluctance that
significantly reduces any residual fields in the soft nagnetic material of
the pole pieces. Wth a conventional el ectro-magnet design, coil turns
mould be mound on a SO|Id C—shaped core, one or nore HSAs mould be placed
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The degaussing tool includes a core made of soft magnetic material. The
core includes a base 140, an outer pole 141, a second outer pole 142, and a
central pole 143. The central pole includes three wi de tabs 143a, four
relatively narrow tabs 143b, and slots 143c. In order to form an

el ectro-magnet) a coil 14S is wound around the central pole [43. The coil
has connecting Waresct46-and 447 Héﬁm Q. %g@n@f;ls;m raySmGenofi &l ternative
vol t age ( not shovvn) The source applies t ernatin volta e whichis
then slowy rediced PRI2AHPI f4'Uide’ tea- pinovialdo then @pptis lif%ltgélpél‘ Gaussidige
Support 1 149 Nyt ol g o o Cabt SRR o e Sr R e P he
central pole 143!S Tt ©r @@520@11 ééé§"1@ftlailﬁe10tl rragcesonle thsf INKRREMN RAs2FRALDOUS y
il lustrated by peher&nes PLUTRS b hikhig S id BSpidaelon, Mags, of
the central pole |43. NE% ani c}g|n EJA:l H%ga%gﬁgﬁm '(arelusg%l tao [ ‘bwer 't he
tray into the pdPassireurpogssedin tah@aﬂegamsbayphgaro@@smandcur@)sﬂrﬁp\odtng the

t herein. Wen t th aw dd4S@s of
the three w de t?g% nﬁgaégﬁ%#gﬁggﬁtfg%a mﬁ&ﬁi@ﬁ (%e |sthgﬁé %lﬁ{e%e
side of the foun thﬁmIOhdrl\‘n85{UQOllmﬁghratmﬁea@elmmmemm@sm%cErvd' lowel i ons

143d of the ce

prevent |oss 01?1t %agrlag%ﬁlgtébfﬂd} H{ﬁélﬂ&é&@gﬁagﬁ%nec %ﬁ ﬁﬁﬁt&ﬂﬁ?g\%\% and

keep the fiel dthe¢ rl-é%mlm of dbict@mq minhylagseneie hated wipan Homageetizing@ppara-r aI

the support 148"} SN Figlfrenb Bhicnils sagnblenfi ke e piflardd deddell e
C;r ay, such t hatbetwieer ﬁ@lattsoﬁ/ﬁqft magneliopale pipees |f@n@p@1mgr1h1= ailingcendbrl an t he

| ders. . Vel CARIhitlizfiy B8 lis PRl 66 HCENFSD thEPoRNBield! The

magnetic flux i s pus Into ecentral pol e 143 f flux | eaves

the central poldd g&pl provides\s v@lﬂp@nqm@g@mpéﬁpmxe whigh ya ygiforan mragnstiser

hal f flows baciierf thidyohd Rafidl erhdo%lﬁm%fme%e t{v@énaﬂéﬁcéééftﬁs péle

hi gher vertical  extent than the outer es to provide flux which goes

over the outer PfSERIS fl'Gtatﬁfﬂ]@WrthGLﬁoéwoéH'gé’éthW stgipe opsthe M R repradusingngt h

at the inner wa& Qﬂﬁﬁthetxﬁﬁn@MEﬁfrmgodr@S tﬁ@sn&eomﬁférdréihﬁgléﬂ& dfahehEsAQN the
outer surfaces o8 tElhe central
f

i si.on e two outer
pol es makes usé@? ‘§Pﬂ%§“§for{eﬁéatl°§é%l“taﬂ§’c‘?f @Slm‘t‘éﬁ%}"&gé@ hal f of the
anp-turns of angxméls 6AUaﬁ@8§®mlshecet §mﬁmﬂqiroee§§e@s:mﬁldssqnpﬂieenialgnytmgt h.

The use of the two qute ol es, al so,_cause re o fall ,off
rapi dly outsi dépB?ractH%OEgo agure 4 dp ﬁPFfegaﬁffébéﬂchgfqpﬁ?fbm‘ é'&gf‘?ﬁ# 5 PYV&Lher
near by devi cesintyhand eheactkd Qfdiﬁtthagxrdgagab@@n mue Wh¢ Biitializing Aeldeckistovin t 0

zero) the support 149. and .t he tra 14S a [g}& S
pl aced on the ?)P’t“a“ﬁ?f“lfjhtéaﬁ?ﬁ gé’ég"i‘gs hfcgo‘ha F’G the 2{1[1 efg Of
diagramil | ust mmtﬂrjzzahm at em HSA a?ewehnsla‘pamtmglthg ppremaeﬂmstnateddms E:gimeves

whi ch i ncor por | Lon hat [Ie y of
(g-sinci o o 3neons LR BlsAR o ARy ot BRIt R B0
tially) corrpksnernsu_:it lmnbm-dlmfgrmltmlssaradldembﬁdnasaedﬁhagmgrmldmnu
factured. Head S jnc ﬁg‘% fy red on
a single wafer (%%Irﬁ E‘(ﬁ)‘i\kﬂ&a‘]e*r]rng Eﬁllc? 8‘\%%%'1%%&% ?’ra% ur eiJ @?6 ers
are manuf act ur &g beghmmmgtlom esawpyslﬁbeblyar@ht maggetawh\mhes ingettkd antl andl ity
of head assenb di C ep
152 by, for exgﬂnpevlge)wpto da@é‘?grlggéia?)hra sur g‘g@g%ﬁwgl 1\% g%ﬁ?& F?\d@%S are
produced in st &yers3 Iby\ﬂtﬂbd@ ngagﬂ‘GV\éO 1Eab¢fa@1l>'|ctim05¢dw~mhd@§p@:th@atellosﬁermct ure
with an MR rep a e n 4 we
sub- assenbl i esEgrggCénogﬂg 5 ?ﬁ?% o QHét ﬁfegﬁl?@t d‘iLé %Olgshl%lﬁdlg%sééar eThre%D %l'fed to
fl exures to pr B&ﬁ%%aweaadgaép@fmsnweags@ma esd tenkousiIR dedprepduldish@obleads
on the HSAS pregHGRwkd Sl 434 SR & ORLH ARORGHECH S 80%8h iR 155
either individyally, or 1nitra eve processing, dccording t
t eachi ngs gi ve&v%b\%e nﬂmenysmwgpﬁén@nonée Fresy Hohéwnb@hﬂjetqfalm@@edleﬁiﬁ st ep
156) either sigglynQr, ray , t
HSAs and ot her sub- égégg%t\l(gsmg%%nﬁ% gzﬂ;’g?% St?ﬂgo t| s%ﬁ?&%v@@?ﬁ qE?—)t')TgtggZ
met hod and apparatus of the invention have been presented in the context of
"reinitialization" because in the best node and preferred enbodi nent of
the invention, initialization of MR elements is done at either the wafer or
the row | evel, or once at each of the | evels proceeding the suspension
| evel . The inventors do not intend to limt the invention to
reinitialization and, in fact) contenplate that initialization in the
manner di scussed above can be postponed and perforned only at the
suspension |evel. Therefore, the invention can also be applied to the
magnetl c | n| t| aI | zat| on of th| n f| I m magnet or esi stl ve re- produci ng heads
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opposi ng unmagneti zed pole nenbers form ng a nagnetizing air gap, the pole
menbers being conposed of a soft nagnetic nmaterial; magnetized nenber with
a magnetic field having a field strength in the range of 450 to 4500 gauss,
t he magneti zed nenber being slideably disposed with respect to the pole
menbers; neans connected to the magneti.zed nenber for aning t he magneti zed
menber betmeen the pole mepbers: toward the air gap to a first position at

whi ch the pol emﬁié‘r%e?@ Rgnfduct ” alregnetic€ P eicaofd B?ﬁ”t‘?fb“'htﬁ@%ét'PZéd Wenber

to the air gaphi@adsamayeforomdhe, e 9aRtdrRl ¥hxBCNEnBOfIt naBnatc Which the
pol e menbers do not conduct the sragnetic fi el d fromthe magnetlzed menber

to the air gap! Hheafeviae DAY SetbrBepdsi Mashftiinat g sePH AgHeti & shiel d
conposed- of S%%&or{m?aﬁt.bﬁ mﬁ»%ﬂ Adnef O 1t gGEhs Q1L RecHmBAnetdzednpnbey and
confining the magneti of the magnetrzed nenber to the nmagnetic
shield; and a & s’kfhérmoemﬁeraae@@s@brfﬁsmmleéstgemmagnﬂdrnl%v.6ﬁgp%9vmddf@r ased
magnet or esi st 'd{é‘chQ%Yda@l? &dﬁp@in@n%eo aghlt 661%‘0 %' Son¥8Ridna] twBRE-oke! aldphshi p
w th novenent of the magnetized § . The apparatus of claim1,

wher ei n t he ndgdgrdianical degispsuch reélmarésnoad meméaqtmmgﬂ@tted mtomaap@ar at us

of claiml, whgfelhbictf fadi ased nagnetoresistive device is L ~1 a
har d- bi ased magnet oresi stive (MR) sensor 4. -The apparatus of claim1l

farther conpriAs shpwn imdtisbeadddchagndish 66ivath s Midtransdwensrmernted tohe
head suspensi gg t?éi%‘ﬁ ¥ 67058 Deplhéed ﬂﬁ%glaggﬁgeﬁ Whid Bleomaghet s MR dRvi ce

I s a hard-bi ased etoresistive trans evi ce.
second posmon Following location of the MR transducer in the air gap 65,
O the magnet 60 is moved to the first position at which its, ﬁeld iSchanneled into  __

the air gap to reinitialize the magnetic state of the MR transducer. Next, the
magnet is moved to the second position and the HSA and the pole pieces are .
separated. Thus, the field in the air gap changes only in magnitude, from zero
when the magnet 60 is at the second position, to maximum when the magnet
60 is at the first position and from maximum to zero when the magnet is -
moved back to the second position. The movement of the MR transducer
across fringe fields is avoided, resulting in an optimum reinitialization of the
magnetic state of the MR transducer. .
The magnetizing apparatus illustrated in Figures 6A-6B is also called a “cell”.
Preferably, the pole pieces of the cell are constm;:ted from a soft_magnetic
material exhibiting no significant coercivity that responds to the figld of mov-
C‘) ing magnet 60 but exhibits no significant residual field when the magnet 60 is
in the second position. The opposing faces of the pole pxeces 61 localize the
initializing magnetic field to the trailing edge 67 of the HSA and avoid bathing
the entire flexure of the HSA 66 in a magnetic field. The magneue shield is
preferably formed from the soft magnetic material of the pole pieces.
Figures 7A-7E show the process of the invention using a single cell 70. In
Figure 7A, the moving magnet initially resides in the magnetic shield 63.
Hence, no field exists in the air gap 65. In this state, the cell 70 is moved (or
the HSA 66 is moved) to place the trailing end and the MR transducer into
position as illustrated in Figure 7B. In this position, the nominal center of the

air gap is aligned with respect to the magnetizing direction of an MR stripe in



5. The apparatus of claim1 further conprising a hard-biased

magnet oresi stive device, wherein the hard-biased magnetoresi stive device is
a hard- bi ased nagnetoresistive (MR) transducer nounted on the head
suspensi on assenbly. 6. The apparatus of claim1l, in conbination with a
degaussi ng means for degaussing the ihead suspension assenbly by applying a
decaying magnetjc field to the head suspensi on assenmbly. 7. An apparatus
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magneti zi ng alr ga&z@dtwépo e nenbers being conposed of a soft magnetlc

material; a BPOSIHIOR DFLHEEGNAE ipelef pieged 6| tan Showiyy ithi I8¢ nenber
being sli deabdiy /Q'}ﬁﬂpﬁﬁfﬁh‘f‘ﬂl&ﬁnﬁt‘?ﬁw fi19 hﬁjsﬁ)‘?b(ﬁic@@nﬁ)ﬁ{esaxr gaplslgndri ve

head suspensi on assenb (HSA) having a hard-bi ased nagnetoresjstive
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at which the p nbers conduct a magn trout the nagnetized

menber to thi%wawrrugﬁwur@ﬁ@ mweffﬁ@mw@mrcog@@qndlrml)sféabqusd#m on ,it
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not conduct ed the nm netlze er to ap and neans for
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movenent of flep Gﬁgiﬂﬁtﬂe%ﬁgenn‘ﬁfébﬁdlc pleced BE dHERR! @n¢D1Ofhe Flefd Sirdngtiiigrei n the
magnetic fi etlh(g asixt' rgggggSh I’I‘ielle?orte (taher falel% strength of the cell is adjustable and re-
O quires only a mechanical stroke-limiting feature to provide for varying desired
field levels. Alternatively, the inventors contemplate that the moving magnet ~
60 can be replaced by a stationary electro-magnet which can be operated in
either constant or pulse mode at the cost of space required for coils and pro-
vision of a voltage source.
[t should be understood that the five step procedure of Figures 7A-7E
producies the optimum results when the HSA is moved in and out of the air
gap without a magnetic field being induced. This avoids the potential unde-
sirable effects explained above with reference to Figures 5A and 5B. However,
the inventors contemplate that the invention may be practiced, when circum-
stances allow, by maintaining the magnetic field while the HSA is moved into
and out of the air gap. L
O As can be appreciated by those skilled in the art, a single cell magnetizing ap-
paratus can be employed to reinitialize a set of HSAs, one by one, by incor-
poration into a station employing a robotic positioner. “This would not limit
processing according to the invention to tray level. Of course, a rﬁanually op-
erated cell could also be implemented.
Figure 8 illustrates the disposition of the 20 HSAs for tray-level processing.
In this regard, a tray 80 provides mounting support for tray- level processing
to 20 HSAs, one of which is indicated by reference numeral 81. The tray 80
includes a plurality of horizontal support members, one of which is indicated

by reference numeral 82, and a plurality of vertical cross pieces, one of which

is indicated by reference numeral 83. The support members, cross pieces, and



of 450 to 4500 gauss. 9. The apparatus of claim7, where the magneti zed
menber includes a pernmanent magnet. 10. The apparatus of claim9, further

i ncludi ng means at the second position including a magnetic shield conposed
of a soft magnetic material for receiving the permanent nagnet and
confining the magnetic field of the permapent nagnet to the nagnetic
shield. 11. A systemfor nmgnetically setting the magnetic states of a
plurality of har -6 a8 EENFRGHEOR SEAYRANPECHSG | dais SUBPMH IR BES: CAOSSIRIFHESi ty
of pairs of oppoghd@eHBABYNGL FEHaRL, SndTBIPRLFing RBULRA br p QRPRSI NGon-
unmagneti zed pol e menbers " formng a magnetizing air gap, the pole nmenbers
bei ng composed CfCaACBOY t thergribing enanekHieaiSAnags aseesibis/frgm Astdezeldthe

menbers, each w {hy&omagnet i fd &l ddyhayd 728, fo PLARAU BldrRidyse shanogsafs 00
to 400 gauss) each” nmagnetic nenber being slideably disposéd with respect to

a respective paibe etaceppdiacsativiifetypeadeteaningd osieniahiparad PEEHY BepHeated to
the magnetized npnbefige! HtoMRY kg, €ach magnetized menber between a
respective pair of opposing unmagnetized pol e nmenbers: 22 toward the air
gap between the FigypescihvadpB show adpanlevel grashingfevith edlpalisy peeddisrd ino a
first position a ?Mfﬁll Wihe arfsRed! hMBnPRidceRf [}% 0 i
magnetic field f%l.l m t&hlg r%agﬁel?i zed menbé;r Etcgégtgﬁgegfercgﬁa eigrﬁg g&é&B r01r1111 t he
air gap to a secbigrpdsi theorellaf lame spunted in dxlbarrayse Tpapfraps agsoemapmsdr s

do not conduct a,{TRGRGdablel nBmbef (RIVshBFn) RUBE i HRE TR &lulfiRtroke drive 94
in the two directions indicated by the arrow 95. When driven downwardly, the
C) arrays are pulled down into the interior of the tray level machine 90. When
driven upwardly, the cell arrays are moved to the position shown in Figure 9A
where the pole pieces protrude upwardly within the space defined by the recess
93. As Figure 9B shows, a tray 97 with 20 HSAs mounted therein includes a
lower lip 98 that engages the outer periphery of the recess 93 to align the tray
with the recess so that when the cell arrays are driven upwardly into the recess,
: each cell air gap aligns: precisely with the trailing end of a respective HSA to
perform the. reinitialization step concurrently on all of the HSAs. - The rein-
itialization is performed when the multi-stroke drive 94 moves the magnets of
the cells upwardly between the pole pieces to induce the initializing fields in the
air gaps. Next, the multi-stroke drive 94 pulls.the }nagnets down into the cell
shields and then pulls the cell arrays downwardly into the tray level machine
6 90. The tray 97 is then extracted from the recess 93.
If the initialization cells in the machine illustrated in Figures 9A and 9B are
compact and placed adjacently, then it is possible to ;i'multaneously insert
twenty air gaps into the tray and to concurrently initialize the ma_gnetic states
of the MR transducers mounted on all of HSAs mounted in the tray. How-
ever, undesired field leakage between adjacent cells may cause the magnetic
field in any air gap to decrease markedly. In some applications, resetting the
magnetic state of MR transducers may require low magnetic field strength,
and for this strength, the field of adjacent cell leakage does not degrade the gap
field strength to an unacceptable level. However, in other cases, leakage may

prevent the field from achieving acceptable levels required for initialization.



the air gap; neans at each second position including a magnetic shield
conposed of soft nmagnetic material for receiving a magneti zed nenber and
confining the nmagnetic field of the nagnetized nenber to the magnetic
shield; a plurality of disk drive head suspension assenblies, each disk
drive head suspension assenbly having a iunting portion for nounting a
har d- bi ased magnet 0 I.stive deyjce: .and ns f noV| t ral j _of
di sk drive head ?ﬁ%%@ﬁgrgﬁtggsgﬁ%?§%§¥1@ué 3fﬂgﬁﬁpﬁézﬁ%gﬁPi?g3g%%tﬁ%ﬁg%#
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degaussi ng each di sk drive, head,.suspension assenbly by applying a decaying
magnetic field t etcﬁ)«gp’éfisllgtod evgmﬁa@gdw@ﬁ%ﬁboﬁgﬁ Y %%ls@é%qé&?a.xtg’ glufh@agy fem
of claim 11, whemneiveddéachndoagmeath thech.menber of the plurality of nmagnetized
menbers i ncl udes er.manent . magnet 23 14 The systemof claim1
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Bi ve head suspefigues 11A and 11B show an embodiment of a tray level machine 110 in

which cells are spaced at relatively greater distances than those illustrated in
the tray level machine 90 of Figures 9A and 9B. The tray level machine 110
includes a recess between two thumbs 111a within which the tray 119 is moved
between two positions. The tray 119 includes tabs 119a in its periphery. The
tabs 119a are engaged by the thumbs whicﬁ are mounted on pivoting exten-
sions 111b. The tray 119 is engaged in a tray holder frame 117 that includes
ext;:nsions 113 for engaging the lower lip of the tray 119. The tray holder
frame 117 is moveable on the shaft 118 between two positions. At a first po-
sition, with the tray indexed to the left, five HSAs in each row of the tray 119
are positioned for reinitialization by five cells in each of the cell arrays 112.
As seen best in Figure 11B, each cell array includes five cells 115 and six
6 shields 116. Thus, in the first position of the tray 119, five HS;xS in each tray
row are reinitialized by initializing fields generating in five corresponding cells
of each cell array 112. For example, at the first positior\; of the tray 119, the
five HSAs denoted by reference numeral 118a in the back row of the tray 119
and the corresponding five HSAs in the front row of the tray will have their
trailing ends positioned in cell air gaps for reinitialization. At the first position,
while the first ten HSAs are being reinitialized, the second ten HSAs, including
all of those in the back row denoted by reference numeral 118b and the corre-
sponding ones in the front row will have their trailing ends shielded by the
shields 116 of the two cell arrays. In the second position, the tray 119 will be

indexed to the right so that the five HSAs denoted by reference numeral 118a



assenbl i es, wherein each hard-bi ased magnet oresi stive device is a

har d- bi ased nagnet oresi stive transduci ng device. 17. The system of claim
11, further conprising a plurality of hard-biased nagnetoresistive devices,
each hard-bi ased magnet oresi stive device of the plurality of hard-biased
magnet or esi stive devices being a hard-bjqased magnetoresistive transducer
nounted on a nounti ng portlon of a respective disk drive head suspension
assembl y of the, Pbali to, of (fl 8l driov ndhﬁ@l@m &?Bﬁﬁﬁl%eéﬁﬁm'%f- . 18.
The system of claim 11, urt her "ivhc boost nagnets
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er and are
Various considerations that affect the industrial application of the invention
may lead to selection of a reinitialization magnetizing tool different from that
illustrated and described previdusly. For example, it was pointed out that the
inventors contemplate the use of a'stationary. electfo- magnetic for ggneration
of the reinitialization field. It is conceded that a significant advaﬁtagé of the

@ permanent magnet tool stems from the fact that when the moving magnet is
moved from the first to second position, the large air gap of the tool presents
a large reluctance that significantly reduces any residual fields in the soft
magnetic material of the pole pieces. With a conventional electro:magnet de-
sign, coil turns would be wound on a solid C-shaped core, one or more HSAS
would be placed in the gap formed by the core and the current would be ap-
plied to the coil turns to induce 3 magnetic field in the gap. With removal of
the current, the solid C-shaped core would act continue to act as a low strength
horseshoe magnet due to the coercivity of the pole material. Provision of a
large air gap in the electro-magnetic core would curtail the high field strength
capability of the design.
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O 10% () A ! i tuned off) " With the dore piece in Hie first position, one o more
HSAs are placed in the air gap, the current is applied and then turned off, and
the movable core piece is moved to the second position, reducing the residual
field and permitting removal of the HSAs. Alternatively, after the current is
applied to the coil turns and the reinitializing field is induced in the air gap, the
residual field can be reduced or substantially suppressed by provision of a

C ) small reverse current to the coil turns to counter the remnant field.

_ A third alternative for practicing the invention is schematically illustrated in
Figure 13B in the form of a large solenoid. The solenoid can comprise a cylin-
der of coil turns which are either self-supporting or wrapped on a support.
The interior of the solenoid forms a magnetizing space which can receive a tray
of HSAs. The tray of HSAs is placed within the magnetizing space. Appli-
cation of a current to the coil turns conventionally induces a magnetic field
that extends into the magnetizing space within the cylinder where the HSAs
are located, thereby initializing their MR elements.

Figure 14 shows a tray level degaussing tool that simultaneously degausses the
suspensions of twenty HSAs. This is required ‘if the stray field from a
magnetized suspension produces unwanted effécts such as disturbance of the

@ bias level of 2 mounted MR element, or collection of unwanted magnetic par-
ticles near the MR element.

The degaussing tool includes a core made of soft magnetic material. The core
includes a base 140, an outer pole 141, a second outer pole 142, and a central
pole 143. The central pole includes three wide tabs 143a, four relatively nar-
row tabs 143b, and slots 143c.

In order to form an electro-magnet, a coil 145 is wound around the central pole
143, The coil has connecting wires 146 and 147 used to connect to a source
of alternative voltage (not shown). The source applies the alternating voltage

which is then slowly reduced in amplitude to provide the appropriate

degaussing field.
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y, F109%& () - Bhd chob®Wkectd oBihc tray, one of which was previously illustrated by refer-
ence numeral in Figure 8, pass into the slots 143c of the central pole 143.
Mechanical guides (not shown) are used to lower the tray into the pole struc-
ture of the degaussing tool and to support it therein.
When the tray 148 is inserted, there are two HSAs on each side of the three
wide tabs 143a of the central pole 143. There is one HSA on each side of the
four smaller tabs 143b in the central pole 143. End portions 143d of the cen-
tral pole extend outside the tray, and are structured to prevent loss of field
() strength on the HSAs at the ends of the rows, and to keep the fielt=directions
substantially perpendicular between the central and outer poles, even at the
positions of the outer HSAs. The tilting of the support 149-is.formed to com-
pensate for the angle that the HSAs lay in the tray, such that the fields will
be along‘ the longitudinal direction of the sliders.
: When alternating current is applied between 146 and 147, magnetic flux is
. pushed into the central pole 143. Half of the flux leaves the central pole and
flows toward the outer pole 141, while the other half flows backward to the
outer pole 142. The central pole 143 has a higher vertical extent than the outer
poles to prdvide the flux which goes over the outer poles to their outer edges.
This allows the field strength at the inner surfaces of the outer poles to be
nearly equal to that on the outer surfaces of the central pole. - -
@ The provision of the two outer poles makes use of both sides of the race track
coil and uses half of the amp-turns of a simple U-shaped electro-magnet across
the pole tray width. The use of the two outer poles also causes the field
strength to fall off rapidly outside of the tool’s vicinity, preventmg interaction
with other nearby devices.
When the alternating degaussing current is ramped down to zero, the support
149 and the tray 148 are raised, and the next tray is placed on the support and
the process is repeated.
Figure 15 is a flow diagram illustrating the steps of a manufacturing process
for disk drives which incorporates a reinitialization step that may be performed
by any of the single or multiple cell embodiments illustrated and described

above. Initially, components ncluding disks and head assembles are manu-
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1055 step 153 by dicing rows. Each shder includes a head structure with an MR
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)-6\]*h"* " aaMié@ ! In this regard, the shders are mounted to flexures to produce head
suspension assemblies. The MR reproducing heads on the HSAs produced in
step 154 have their magnetic state set in step 155 either individually, or in tray-

(D level processing, according to the teachings given above. The HSA suspensions
may then be degaussed in step 156, either singly or at tra} level, as necessary..
Last, in step 157, the HSAs and other sub-assemblies are mtegrated into disk
drives.
The method and apparatus of the invention have been presented in the context
of “reinitialization” because in the best mode and preferred embodiment of the
invention, initialization of MR elements is done at eithér the wafer or the row
level, or once at each of the levels proceeding the suspension level. The inven- .
tors do not intend to limit the invention to reinitialization and, in fact,' con-
template that initialization in the manner discussed above can be postponed
and performed only at the suspension level. Therefore, the invention can also
be applied to the magnetic initialization of _tkfin: film magnetoresistive _re-
fO producing heads at the suspension level of media drive manufacturing.

Clearly, other embodiments and modifications of the present invention will
occur readily to those of ordinary skill in the art in view of these teachings.
Therefore, this invention is to be limited only by the fo{_{owing claims, which

include all such embodiments and modifications. -
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CLAIMS
I An app-aratus for magnetically setiing a magnetic state of a harci—biased
magnetoresistive device, comprising:

opposing unmagnetized pole members forming a magnetiziI;g air gap, the pole
members being composed of a soft magnetic material;

magnetized member with a magnetic field having a field strength in the
range of 450 to 4500 gauss, the magnetized member being slideably disposed with
respect to the pole members;

means connected to the magnetized member for moving the magnetized
member between the pole members:

toward the air gap to a first position at which the pole members conduct a
magnetic ﬁelld from the magnetized member to the air gap; and

away from the air gap to a second position at which the pole members do not
conduct the magnetic field from the magnetized member to the air gap;

means at the second position including a magnetic shield composed of soft
magnetic material for receiving the magnetized member and confining the
magnetic field of the magnetized member to the magnetic shield; and

a disk drive head suspension assembly for moving a hard-biased
magnetoresistive device into and out of the air gap in timed relationship with
movement of the magnetized member.
2. The apparatus of claim 1, wherein the magnetized member includes a

permanent magnet.

3. The apparatus of claim 1, wherein the hard-biased magnetoresistive device is
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a hard-biased magnetoresistive (MR sensoi
4. -~The apparatus of claim 1 further comprising a hard-biased maénetoresistive
device mounted to the head suspension assembly, wherein the hard-biased
magnetoresistive device is a hard-biased magnetoresistive trz;nsducing device.
5.  The apparatus of claim 1 further comprising a hard-biased magnetoresistive
device, wherein the hard-biased magnetoresistive device is a hard-biased
magnetoresistive (MR) transducer mounted on the head suspension assembly.
6.  The apparatus of claim 1, in combination with a degaussing means for
degaussing the head suspension assembly by applying a decaying magnetic field to
the head suspension assembly.
7. 'An apparatus for magnetically setting a magnetic state of a hard-biased
magnetoresistive transducer comprising:

opposing unmagnetized pole members forming a magnetizing air gap, the pole
members being composed of a soft magnetic material;

a magnetized member with a magnetic field, the magnetized mémber being
slideably disposed with respect to the pole members;

a disk drive head suspension assembly (HSA) having a hard-biased
magnetoresistive transducer mounted thereon:

means connected to the magnetized member for moving the magnetized
member between the pole members o a fitst position at which the pole
members conduct a magnetic field trom the magnetized member to the air gap, and

away from the air gap to a second pusition at which the pole members are separated
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means for moving the HSA into and out of the air gap in timed
relationship with movement of the magnetized member.
8.  The apparatus of claim 7, wherein the magnetic field strength is in the range
of 450 to 4500 gauss.
() 9.  The apparatus of claim 7, where the magnetized member includes a permanent
X magnet. _
10. The apparatus of claim 9, further including means at the second position
including a magnetic shield composed of a soft magnetiq material for receiving the
permanent magnet and confining the magnetic field of the permanent magnet to the
magnetic shield. |
11. A system for magnetically setting the magnetic states of a plurality of
hard-biased magnetoresistive devices, comprising:
@ a plurality of pairs of opposing unmagnetized pole members, each pair ~
of opposing unmagnetized pole members forming a magnetizing air gap, the pole
members being composed of a soft magnetic material,
a plurality of magnetized members, each with a magnetic field having a
strength in the range of 450 to 4500 gauss, each magnetic member being slideably
disposed with respect to a respective pair of opposing unmagnetized pole members;

means connected to the magnetized members for moving each magnetized

member between a respective pair of opposing unmagnetized pole members:
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unmagnetized pole members to a first position at which the respective pair
of pole members conduct a magnetic field from the magnetized member to
the air gap; and
away from the air gap to a second position at which the respective pair of
pole members do not conduct a magnetic field from the magnetized member to
O the air gap;

means at each second position including a magnetic shield composed of

soft magnetic material for receiving a magnetized member and confining the
magnetic field of the magnetized member to the magnetic shield;

a plurality of disk ('1rive head' suspension assemblies, each disk drive head
suspension assembly having a mounting portion for mounting a hard-biased
magnetoresistive device; and

means for moving the plurality of disk drive head suspension assemblies, such

@ that the mounting portion of each disk drive head suspension ~assembly is
moved into and out of a respective air gap in synchronism with movement of a
respective magnétized member.
12.  The system of claim 11, further including a degaussing means for receiving
the plurality of disk drive head suspension assemblies and degaussing each disk drive
head suspension assembly by applying a decaying magnetic field to the disk drive
head suspension assembly.

13.  The system of claim 11. wherein each magnetized member of the plurality of

magnetized members includes a permanent magnet.
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the plurality of hard-biased magnetoresistive devices is a hard-biased
magnetoresistive sensor.
16. The apparatus of claim 11, further comprising a plurality of hard-biased
() magnetoresistive devices, each mounted on the mounting portion of a respective disk
B drive head suspension assembly of the plurality of disk drive head s;pénsion
assemblies, wherein each hard-biased magnetoresistive device is a hard-biased
magnetoresistive transducing device.
17. The system of claim 11, further comprising a plurality of hard-biased
magnetoresistive devices, each hard-biased magnetoresistive device of the plurality
of hard-biased magnetoresistive devices being a hard-biased magnetoresistive
transducer mounted on a mounting portion of a respective disk drive head suspension
@ assembly of the plurality of disk drive head suspension assemblies. -
18. The system of claim 11, further including a plurality of boost magnets,

each boost magnet of the plurality of boost magnets being disposed respective

adjacent pairs of pole members.



