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AT -THE SUSPENSI ON LEVEL OF MEDI A DRI VE MANUFACTURI NG FI ELD OF THE | NVENTI ON
The present invention relates to the production of media drive assenblies
whi ch include a magnetoresistive (M) hedd and, nore particularly, relates

during mn- Ufactare of HAGRENC RENITIA LR BABR BFETL R LT, o,
E;;g& g:}t t ﬁles%gﬁgfogagnet or MASNEEORBERBISTR{E RERRQDUEEYS t hat ogg&aéfe
cer- tain materials. ﬁ\%@%ﬁijﬁgﬁpﬁgﬁﬁdlﬁg‘@hwaans clérﬁrlrggt ects
magnetic field signals through the rMANUEACETURANGEs of an MR transducer

elenment as a function of the anmount and direction of the magnetic fl ux
bei ng sensed by the MR transducer el enment.

FIELD OF THE INVENTION

The present invention relates to the production of media drive assemblies
which include a magnetoresistive (MR) head and, more particularly, relates to
setting the magnetic state of a thin film magnetoresistive element during man-
ufacture of drive assemblies.

BACKGROUND OF THE INVENTION

The prior art discloses magnetoresistive (MR) reproducing heads that operate
based on the magnetoresistive effect exhibited by thin films composed of cer-
tain materials. A read head incorporating an MR transducer detects mégnet_ic
field signals through the resistance changes of an MR transducer element as a
function of the amount and direction of the magnetic flux being sensed by the
MR transducer element.
Responsive to the drive toward increased recording density, batch fabrication
processes have been developed for efficient, high volume production of
miniaturized MR transducers. Typically, a batch fabrication process for MR
transducers employs known thin film manufacturing techniques to produce a
plurality of such transducers on a wafer in “wafer level” processmg A wafer
is then siiced row-w1se into a 1 x n array of transducers wh1ch are polished in
ro__w-level’ processing .and then individuated by cutting rows into separate
slidefs Each slider includes a head structure with an MR reproducing head.
It Is. known to selectively vary construction details and manufacturing param-
eters m order to yield an MR transducer having a particular magnetic state
which optlmlzes transducer operation. In this regard, an MR transducer may
comprlse ‘softor hard biasing elements and may be produced by a batch proc-
ess in which magnetic fields are applied at certain steps durmg wafer level

processing. These components set magnetic characteristics of the thin film MR
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Responsive to the drive toward increased recording density, batch
fabrication processes have been devel oped for efficient, high volune
production of mniaturized MR transducers. Typically, a batch fabrication
process for MR transducers enpl oys knomn thin filnlnanufacturing techniques

to produce a plur I|ty,, ch tr cers on_a wafer in "wafer |evel™
processi ng. A vvafg &'ﬁe‘ﬁﬁswleé S Wénﬂﬂﬁaé‘o& diregtiqq, field,grigstation, and

transducers which sgrd. IOS’éel sdrestainple, QY. |l\?é@ét”alP*M%‘i§ﬁEWCﬁ(‘E‘CUP@§ING Vol.
i ndi vi duat ed by cuttln% ows_into separate sliders, Each slider inclldes a

head structure wi tih Mg ridibl BEWGYﬂ@‘ H8&Y.pp. 279-30known te sel ectively vary
construction detaijry rﬂggneﬁe@ﬂsﬁaewsh&gof%ém S e idlriffifl8 byt dle ¥hBlithih MR
a I C

t ransducer havi ng a I cul ar magnetic st op trm ze tra ucer
operation. In thi®f raegailgaetwaﬁelﬂ'ROttharM&Jb@ad rré;yarm&p.rﬁhseng@hzatmn $tap dakes

bi asi ng el ements ?&Le'ﬁ%?@aﬁ??@éf'% %’%’ﬁhﬁ rg"@tlt{‘)al R g&ldlufgf) pdnqh%irgﬁnﬁﬂggst e

fields are applie t certarn steps d rocessin
conponent s set nagnétrﬁqummoémasufacwrafg drideassérnblyf i | m VR REPLACED SHEETS

SG However, some processing operations that occur during and after row-level
processing have been proved to alter the magnetic state of MR transducers.
In this regard, the inventors have concluded that intentional and accidental
insults to an MR transducer occurring during and after row level processing
can cause the formation of domains in the thin film magnetoresistive material
layer, alter the magnetic orientation of exchange layers in soft bias t.ransducers,
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 manufacturing media drives in
which the magnetic state initially established fb} MR reproducing heads during

wafer level processing is reinitialized during media drive assembly steps.

SUMMARY OF THE INVENTION : s

It is, therefore, the principal object of this invention to provide an apparatus
and a procedure for reinitializing the magnetic state of MR reproducing heads
following wafer and row level fabrication operations after the MR heads are
incorporated in drive apparatus sub-unit assemblies.

In accordance with the invention, the magnetic state of an MR reproducing
head is reinitialized by application of a magnetic field (“initializing field”) after

the MR head is mounted to a head suspension assembly (HSA) flexure.
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2 layer ("the MR stripe") such as magnetization direction, field
orientation, and so on. See, for exanple, C.D. Mee et al, "MAGNETIC
RECORDING, Vol. I", McGawHill, New York, 1987, pp. 270-302. The nagnetic
characteristics of the MR stripe are initidlized by the application of a

magnetic field to t MR.head. Currentl the initialjzation.step takes
place at the wafer P&Fg{e”&Hgﬁ@t‘wPWé’pﬁBﬂ%* é@%!p,m‘iﬁgbﬁ"ncﬁji tﬁﬁ ¥58HoR ng L‘glﬁ en-
ci rcunstances andef@GHigRERMH Srofide MmN ftati-ig dd 81 iPSSRed ky MRIQ¥S 68 icing OME
processing operations that occur during and after row | evel processing have

been proved to al headstatethaddhatlevelstlhednisialigrgtiielthiscanpdied to pa Hpdmowsd d,

t he inventors hav t | N j: : ACCl b Sl an

MR transducer occmgﬁg}oﬂ??‘ﬁg@ﬁdhﬁ ﬁe}?{@g% Fgr\gl(ge{foz?’b%gg%g'ts%rga“@a% Ech%ufgfejkt he

formation of domastnipeiandtdpposite to thieldirentigmef ouresitshronghithe gtripal | ayer,

alter the magnetic opleatatl o, of ofiér SBRES, FAUSES nl A0htaBkd the ARRGHSE S
will be apparent from the following more particular description of the in-

vention as illustrated in the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic sketch showing a circuit including a magnetoresistive  ~
(MR) element for reading data from a magnetic medium.

Figure 2 is an isometric view showing a portion of the trailing end of a head
suspension assembly (HSA) for a disk drive to which a slider with an MR re-
producing head is mounted. |

Figure 3 is a diagra.m illustrating the application of an initializing field and a
degaussing field to an HSA including an MR reproducing head.

Figure 4 is a top plén view showing reinitialization of the magnetic state of an
HSA-mounted MR reproducing head according to the invention.

Figures SA and 5B show relative movement between an initializing-field and
an HSA-mounted MR reproducing head.

Figures 6A-6B illustrate a tool for applying an initializing field according to the
invention. , ~-

Figures 7A-7E show use of the tool illustrated in Figures .6A and 6B.

Figure 8 illustrates a tray for holding a plurality of HSAs.

Figures 9A and 9B illustrate a first manufacturing tool for performing multiple
concurrent reinitializations according to the invention.

Figure 10 is a schematic diagram illustrating the suppression of field leakage
between adjacent reinitializing cells. |

Figures 11A and 11B illustrate a second manufacturing tool for performing

multiple concurrent reinitializations according to the invention.
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and di sorient and denmagnetize magneti zed | ayers 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.

Rel atedly, MR transducers that exhibjt high anplitude response durin

row| evel testing E@HrE 42 |is isplanatipndRaiam tilkefbratiogpofes @agpeds Cirpls, &F‘g’ for
sliced fromrows : | VI | dies. ' r S
ot di'scl oge. a pr oheLari sy R SRRl i ARPATR A S pIRRLR! PO Lk
state initially estesplipedhwantifeetukiRer epr oduci ng heeds during wafer |evel

processing is reingtializad | [g%q L V€ .
THE | NVENTI ON | t ig‘xggﬁgséé?‘e’é LR p#eg%@é%b%?‘ﬁe\?@?%ﬁ@wﬁag’?n@irgr}‘!aqgei‘ 1‘:%%?3: or
nor e di sadvant agesacgbrdifgetopthieonveatipn. Accordi ng to one aspect of the present

i nvention there isgprovjded a Q r.setting.a netic ate of
magnet oresi stive dl<:a P%ebﬁ’ fl?]téatgga {r]l;ggrﬁ%r{u?%tﬁan%t)ogg{%pl%&r ﬁéq%?h‘é’tlea%ongﬂr exé;tap
di sposed bet ween ndegmephedzapohe sl ESAsofed reihitalisaddn. magneti c

Figure 15 is a flow diagram illustrating a disk drive manufacturing process in-

cluding an MR head magnetic reinitialization step.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 illustrates the response of a magnetoresistive stripe 10 to magnetic
flux produced by moving a magnétized storage medium 12 transversely to the
MR stripe 10 in the direction indicated by the arrow 13. As Figure | shows,
the MR stripe 10 has a planar structure that is oriented perpendicularly to the
medium 12. Leads 14 and 15 connected to the MR stripe 10 conduct a con-
stant DC current (IDé) through the stripe. As is known, the MR stripe 10 is
a soft magnetic material having an initial magnetizing direction indicated by
the arrow 16. For the MR stripe embodiment shown in Figure 1, the
magnétizing direction 16 is determined by the _ini'ﬁa’l magnetic state of an MR
transducer into which the MR stripe 10 is idcbrporated. In Figure™l, the di-
rection of magnetization happens to be opposite the direction of IDC. In other
designs, the magnetizing direction may diverge from the current direction.

As is known, an MR head may include other features that bias the MR stripe -
10. When the MR stripe is biased, the magnetization of the stripe-assumes the
direction indicated by the arrow 17 at an angle O from the direction of the
current.

In operation, the magnetic flux produced by moving the medium 12 in the di-
rection 13 changes the magnetizing direction in the MR stripe 10 as indicated
by the arrows 18 and 19, producing an angle & O from the direction of
magnetization. This, in turn produces a change in the stripe’s resistivity. The

change in resistivity-has a known relationship with the change in O and can
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material and means for inducing a nagnetic field in the air gap, the method
i ncl udi ng 2a formng a plurality of thin-film magnetoresistive
transducers on a single substrate, each magnetoresistive transducer
including a hard bi ased nagnetoresistive glenent havi ng a magnetic state;
separating the thin-filmmagnetoresistive transducers by cutting the S|ngle

substrate into a Mé@dulrém’by)fhel dlhdhgé fugditagk Q'Cx%gm n%@éb’]@ehﬁ‘@uﬁé’rﬁmj@%ﬁ@t
pi ece on a flexure, @(il ng a ead slider for | east one ead
slider assenbly, l%F‘é‘tv S A I state of a hard bi ased

magnet or esi stive EpeAENIS hipnifidMBieaRtRIc8dw sShotRing emﬁt&%rheae%naﬁdas%}nsf}e
fl exure by disposi the head slider assenbly h respect

magnet i zi ng appart toowhich demonBted A Beast %té‘éiﬂurﬁﬂgﬁéﬁlég M Rsreprasiugingriead i n
the air gap; and wmduﬁlma RripRITRE vew is@bealdkhkEiiRlg en@EEE) of the slider.

Conventionally, an HSA 20 manufactured for use in a disk drive includes a
slider 21 mounted to a surface of a flexure 22. The slider 21 is manufactured
using conventional batch processing techniques beginning with a ceramic wafer
on which a plurality of head structures with MR reproducing heads-are man-
ufactured according to known techniques. (Figures 1 and 2 are not intended
to limit the practice of the invention since the head structures may also incor-
porate thin-film write elements. The wafer is then cut into rows and each row
is sliced (“diced”) into individual sliders, each with a head structure. -In Figure
2, the slider 21 includes a head structure with a MR reproducing head 24 that
includes an MR transducer 25. A portion of the transducer is magnified in
Figure 2 and includes an MR stripe 26 having an initial magnetizing direction
28 that is determined in part by hard bias magnetic elements 27 and 29. The
hard biased MR transducer structure of Figure 2 is not intendéd to limit this
. invention. In fact, the MR transducer structure may be any whose initial
magnetic state is predetermined by a selected combination of construction de-
tails and manufacturing parameters. The selected combination is intended to
impose a particular magnetic state on the MR t.ra.ﬁsducer, one characteristic

of which is the magnetization direction.

THE INVENTION

The inventors have found that the operation of an MR transducer measured
after HSA assembly can differ significantly from operation of the same
transducer measured before and during row level processing. In fact, the in-
ventors have found that up to two to three percent. of MR transducers in a
batch can exhibit a significant reduction in output from row to HSA level
measurements. The invention results from the inventors’ realization that such
a decline in operation results from change in the magnetic states of the de-

graded transducers caused by various accidental and/or intentional insults to
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Accordi ng to another aspect of the present invention there is provided a
nmet hod for setting a nagnetic state of a magnetoresistive device using a
magneti zi ng apparatus including an air gap di sposed between magnetic pol es
conposed of a soft magnetic material and geans for inducing a nagnetic
field in the air gap, the nethod including the steps of: nounting a
plurality of nagndtovdsitstnsdecers asssllingefremomaaufaoturagpamd iassgmbly opénatipnof

ahard bi ased magreloRs RS tloITIRRYeriT Ay denesrd fhet CRERER pelrfar e
nounted on a respeingithe nidgmetic statd off degradedaiR oaesdvean i appdicatias efivin ini-
g e TR A8 6 AT B AL BB R
assenbly wi th regpeictmagnetit stabasgmet recovieg tieepapeat tionstto IpkeBoreastuedaatht didsed
g??nggg;rezlnzt Ive o%lv%rfgpbr()'c@ss%n%? air gap; inducing a magnetic field in the
Accordingly, the invention includes reinitialization of the magnetic state of an
MR reproducing head by application of an initializing field as illustrated in
Figure 3 in a direction which is substantially parallel to the initial magnetizing
direction of the MR stripe of an MR transducer on a flexure-mounted slider.
In Figure 3, the initializing field is indicated by HI. In the case where the
flexure is made of a magnetic material, the inventors have realized that appli-
cation of HI can leave a residual magnetic field in the flexure. Therefore, the
inventors have provided for degaussing the flexure, when necessary, by appli-
cation of a flexure degaussing field HD in a direction orthogonal to the
magnetizing direction of the MR stripe by means of a degaussing coil 30 (il-
lustrated diagrammatically in Figure 3) which has applied to it a decaying AC
voltage from an AC generator which can be switched oh and off. The direction
of the degaussing field is indicated in Figure 3.
The strength of the initializing field HI must be of sufficient magnitude to in-
fluence the components of an MR transducer which essentially set the
transducer’s magnetic state. Relatedly, if the;MR~ transducer is ha_r_d biased,
the field strength of HI should be greater than the maximum coercivity field
of the hardest magnetic material in the MR transducer. The inventors have
found that a magnetic field having a strength in the range of 450 to 4500 gauss
produces the desired effect in hard biased MR transduce?:'s:over a range of de-
signs using hard .biased magnets. Further, the inventors have found that re-
initialization at the HSA level of drive manufacture is advantageous since all
thermal, electrical, and mechanical fabrication operations involving the MR
transducers are completed prior to this stage of disk drive production. Also,
most of the handling of the MR transducers will be completed.
In the disk drive manufacturing process employed by the assignee of this ap-
plication, the manufacturing level at which sliders are mounted to flexures to

produce head slider assemblies is called the “HSA level”. In this manufactur-
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2b nmounting the at |east one assenbly in a nedia drive. According to stil
anot her aspect of the present invention there is provided a method for
setting a magnetic state of a magnetoresistive device using a magnetizing
apparatus including an air gap di sposed between magnetic pol es conposed of
a soft magnetic material and neans for induZing a magnetic field in the air

, th t hod i ncl udi t teps of . formng a plurality of thin-film
?rgg net o(raersr}9 st ?veI '? ﬁaﬁ&l&@%&-‘rrﬁ%ﬁs arestyRigpily prosessedingblagticotnaysapyhich splkis2Q HSAs

devi ce including a imageidiacat 36wy 6f &IneMRNérdBAN AdintaiiBaS ehiobgBRtdT the disk
separating the thin;film net oresi stive transducers by cutti nqg the single
substrate into a pldP4 PaYUIGFtUriag RIPERSRIOngsigai s antehalensropresrated Huthei igven-

piece on a flexure,tofy @dsiGd PerformeRd reiniteiizadsns Brieksé; of\ E iMbentiBAYn 8 %hany
tate of a hard bjased

s YR R U S J—
flexure by di sposi ngsAbarapseveisey iid trayeIRGClevdl 0 pEdeessiBORRhEs) PHoRBRA BeUS
to place the hard high amplitude magnetic field in a limited space afforded in the tray resulted
in the non-trivial tool configurations and implementations at the tray level.

The tray level tool for reinitializing the magnetic state of MR transducers at
the HSA level of disk drive manufacture is based upon a magnetizing appara-
tus shown in Figure 4 which has a magnetizing space in the form of an air gap
between a pair of soft magnetic pole pieces for receiving th.e trailing end of an -
HSA. An initializing field is induced in the air gap by the pole pieces. The
air gap provides a well-defined region of space in which a uniform magnetic
field may be created. The volume of the air gap betWeen the faces of the pole
pieces is dictated by the positioning of the MR stripe on the MR reproducing
head within the manufacturing tray, the size of the trailing'end of the HSA,
and the amplitude and orientation tolerance of the initializing field.

Figures 5A and 5B illustrate suboptimal processes employing the magnetizing
apparatus of Figure 4. In this regard, if an MR reproducing head is moved
into and extracted from the air gap region while the initializing field exists in
the gap, it would traverse fringing fields which méy inhibit the full effect of
reinitialization at the HSA level. Separating the poles as illustrated in Figure
5B while the MR transducer remains at the nominal center of the air gap can
also result in non-uniformities produced by undesired fringing fields.

One novel way to reinitialize the magnetic state of an MR transducer accord-
ing to the invention employs a permanent magnet which is inserted into and
moved out of the magnetizing apparatus. This is shown in Figures 6A-6B
where a moveable magnet 60 is slideably disposed with respect to two sepa-
rated soft pole pieces 61 that are mounted in a pole housing 62. The pole
pieces are made of soft magnetic material and the housing defines a first posi-
tion between the pole pieces 61 to which the moving magnet 60 can be moved.
When the moving magnet 60 is in the first position, the soft pole pieces 61
channel the flux of the magnet’s magnetic field to the air gap region 65. The
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bi ased magnetoresistive elenment in the air gap, the magnetic field having a
strength in the range of 450 to 4500 gauss; and inducing a magnetic field
in the air gap. ‘According to still another aspect of the present invention
there is provided a nethod for setting a nagnetic state of each

magnet oresi stive transducer of a pluralitygof nagnetoresistive transducers
using a magneti zing apparatus that includes a plurality of cell magnets,

i ncl udi ng a cor r espe¥iEg mpgaet 60 gy also Heomovadctd #roefaad POSISIPE tWithin 12 BAgRRICer |

each cell magnet fyridgs gﬁiohfce'd{% t Hagefic ARRel SAASE olktBie¥RRE nihgRlie field

menbers that are conposed. a soft gnetic matertal, and the apparatus
further 2c i nclofidhegavingmmagaet 6huhen the magaginstat che pecpad iDeSiting. At theap,

the net hod i ncl udisgg, 4NesitdaP fit® or ﬁ(ﬁr{e{%ﬂﬂe TdhbFhidll Yedthed fHeRoft do pieces

magnet or esi stive transducers on a si ((); e
61. The moving magnet 60 is coupled to a magnet linkage 64 provided for

mechanically coupling the magnet 60 to a conventional two-stroke electro-
mechanical device such as a solenoid that can be incorporated into an auto-
mated production line.

As shown in Figures 6A-6B, an HSA 66 with an MR transducer mounted to
its trailing end 67 can be placed in the air gap 65 while the magnet is in the
second position. Following location of the MR transducer in the air gap 65,
the magnet 60 is moved to the first position at which its field is channeled 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 construz:ted from a soft_magnetic
material exhibiting no significant coercivity that responds to the field of mov-
ing magnet 60 but exhibits no significant residual field when the magnet 60 is
in the second position. The opposing faces of the pole pieces 61 localize the
initializing magnetic field to the trailing edge 67 of the HS}\ and avoid bathing
the entire flexure of the HSA 66 in a magnetic field. The magnétic 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
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substrate, each nmagnetoresistive transducer including a nagnetoresistive

el ement having a nmagnetic state; separating the thin-filmnagnetoresistive
transducers by cutting the single substrate into a plurality of individual
pi eces; nounting each individual piece on 3 r espect ive flexure, producing a
head slider assenbly froma plurality of assenblies; for each assenbly in

the plurality of hegdMRiteiRisd@cse FilloRing MBldhér dfiife BADERIHSA Sloahe pokitieach
hard bi ased magnet gresi stjve_el ement in each magnetqresisfjve tr H%a[gcer

mount ed on each f| dRigtated iBighte Hithe Maving manst SPys Boved Bpyay A pgnet

assenbly in each aijhkspsaio SRrsE pbditictR B een ARE pbRBIEING] As RBGHL A Fifirel d
I n each air gap of _each cell magnet.. . Accordi ncﬁ to still another _ag&gg% of

the present inventi’bn Alughk amelinids iniisdizing sl isgthus proagiced iyths aig: énd

state of each magnesigr@tbstidnver tHeanaghieR stAt of tRe WIR! drhnsdQter is achieved. The
magnet or esi stive transducers usi nggglégg netizing ap atus that includes a

appar
plurality of cell MagAet ¥ thea| GHHT r?eé%rﬁ’ﬂf’lﬁagdélt ¢ RfRetic sRyFldegd gs

nmagnet or esi stive t spdedl Ut Plgur€ dDhaiite B0 itthelgablcbaresponalngtli fals ewaad zegap
di sposed bet ween p%I e

inally, thé cell and HSA are separated as shown in Figure 7E.

The inventors have observed that placement of the moving magnet 60 into the
first position between the pole pieces 61 directly controls the field strength in
the air gap 65. Therefore, the field strengtﬁ of the cell is adjustable and re-
quires only a mechanical stroke-limiting feature to provide for varying desired
field levels. Alternatively, thé inventors éontemplate 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.

It should be understood that the five step procedure of Figures 7A-7E
produc’es 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 SA 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.

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 rrianually 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
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menbers that are conposed of a soft magnetic material, and the apparatus
further including means for inducing a magnetic field in the air gap, the
met hod i ncluding the steps of: nounting the plurality of nagnetoresistive
transducers on a corresponding pluralitylef flexures, producing a

corresponding plurality of head slider assenblies, 2d such that each
magnet or esi st i vegﬁ%@yﬁeélPsqdn’@I % tr@¥ PATIRBArY 8 56 qUPRATHEICBIDSES, STASY piessse rent

having a rragnetlan@tpaﬁpha@ctr@%rwamumeega,oﬂaﬁng RS BBEbIY6r Job%waee (coh- each
assenbly in the plurality of |'i der dssenbi i es, setting the magnetic

state of each harddUupRUBdAe teading ends«afthe SAS angeaccespiblectien %@ghé‘ﬂé sﬂl%tlve
transducer nount gdy®o. e,@s:Fxédr@%bﬁh@“@ut&ttﬁg8<ﬁbérm1§'any1'ufrﬁﬂg%§in¥

di sposi ng each asse%x in each air each magn A I n u0| ng a

magnetic field i be elach ép;acs%t;y # ae%(@ﬂetg@me%gﬁ@@txon and permits insertion of
pole pieces into the tray.
Figures 9A and 9B show a tray level machine 90 with a plurality of cells 91 in
alignment with a plate 92 having a recess 93 for receiving a tray. As shown in
Figure 9A, the cells 91 are mounted in 1x10 arrays. The arrays are co-mounted
on a moveable member (not shown) which is driven by a multi-stroke drive 94
in the two directions indicated by the arrow 95. When driven downward'ly, the
arrays are pulled down into the interier 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 itrailing 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
90. The tray 97 is then extracted from the recess 93.
If the initialization cells in the machine illustrated in Fxgures 9A and 9B are
compact and placed adjacently, then it is p0551ble to sxmultaneously insert
twenty air gaps into the tray and to concurrently initialize the magnetlc 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.

RO 993037



According to still another aspect of the present invention there is
provided a nethod for setting a magnetic state of each nagnetoresistive
transducer of a plurality of magnetoresistive transducers using a
magneti zi ng apparatus that includes a pludality of cell nagnets including a
correspondi ng cell magnet for each nagnetoresistive transdgf éh cel l

magnet further i@ RRLEE 2ginthgideggadationdpdicdd) skensiBdh 2 §APS Sluseiifb ALIaPF

are conposed of %elmfak gmist"cpelfrﬁtaﬁémafhag@wmhmeaaeed Bétweed uret;hﬁd pieces
i ncl udi ng nmeans far ucing a nagnetic field in the air met hod

i ncl udi ng the st &bhgd tapemnefumaﬁ ﬁgowén@&#raﬂpt T hss bpsh MagRY §P§FF@§132“3‘35

transducers on ay H&S;%Oﬂh RohighUnagdeié fRld me@m gHp. VELE B5eRNBAERts may
assenbl i es, such that each nmagetoresistive transducer includes a hard

bi ased nagnet or edeLoUpisd ép%ﬁﬁt“r}@gi’ Aglich meyeetheccellmagnetihapdhdhny mdudeed

on a respective pRfied ifltinRnSwWiRaASMON assenbly; for each suspension
assenbly in the plurality of suspension assemb|ies, setting the netic

state of each harditesnaislye thaaheRst oRagnets max bel eimipated jf é%ﬂ§k\arﬁ1§§ oage@i%t i ve
transducer nmount ggelgpre&AENdiSi4sHRN HORe RS Stk Xy 8&8?545@@&6 @dxhuersofrmm@ﬂmusl y

by di sposing eac rr]nasyulsxg %?géegsgdagesferrﬂgnget stro‘?(aCh 1S algoa?equire ﬁxeldcs to protect
heads initialized during a first pass from being affected adversely by a second
pass when two passes are made on HSAs mounted in a single tray.
Figures 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 which. are mounted on pivoting exten-
sions {11b. The tray 119 is engaged in a tray holder frame 117 that includes
extensions 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
| shields 116. Thus, in the first position of the tray 119, five HSAs in each tray
row are reinitialized by 1n1t1ahzmg fields generating in ﬁve corresponding cells
of each cell array 112. For example, at the first pos1t10n 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

RO 993 033



. magnet ; ‘and This is the repl acenent sheet 2e inducing a magnetic field

in each air gap of each cell magnet. 3 The foregoi ng and ot her objects,
features, and advantages of the invention will be apparent fromthe
following nore particular description of the in- vention as illustrated in

t he acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Figure | is a
schemati c sketch siheoh¢ bgckarow oftthettrayn 1 Uahd cheacorregpatding Sves HiSWS in the front

row of the tray will have their trailing ends shielded, while the remaining ten
HSAs including the five denoted by 118b in the back row and the corre-
sponding five in the front row of the tray 119 will be positioned for reinitial-
ization by the ten cells.

Figure 12 shows two embodiments of a tray level magnetic circuit, either of
which may be used to practice the invention. In the circuit denoted by refer-
ence numeral 120, soft material pole pieces are placed between HSASs to chan-
nel magnetic flux across the trailing ends of the assemblies in a substantially
uniform manner. Permanent magnets 121 and 122 attach to a soft magnetic
return path 123 provide closure to the magnetizing circuit. The pole pieces are
moved into place in a stroke to align the gap centers with the MR transducers.
Then, the magnets and return path are moved into alignment with the pole
pieces and reinitialization occurs. The magnets and the return path are then
removed, followed by removal of the pole pieces. The embodiment indicated
by reference numeral 124 also includes a series magnetic circuit. However, in-
stead of the large end magnets 121 and 122 of the first embbdiment, the mag-
nets used are smaller and aré distributed between the pole pieces.

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 generation
of the reinitialization field. It is conceded that a significant advant;ge 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 resida'e{-1 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 a 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 duc 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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(MR) elenment for reading data froma magnetic nedium Figure 2 is an

| sonetric view showng a portion of the trailing end of a head suspensi on
assenbly (HSA) for a disk drive to which a slider with an MR re- producing
head is mounted. Figure 3 is a di agramlllustratlng t he application of an
initializing field and a degaussi ng field, to an HSA including an MR

r epr oduci ng he Vi ew sho reiniti Ilza I on of

4
he oagnet Lo otiibe Gereth ke Sordin e Bh AT lbtF ey in e Bobafls sARAF  he
i nvention. Fi gyjasisshoamdinSBigarot8A el lat thiseconfigeration, bt slero-magnet has a

initializing-field and gn HSA- ted MR repr.oduci ad. Fi.gures QA-6B

T Uty e ¢ el Safimryar TR foit piéar FALITOE B SERGPATHEA 115t PHEF

i nvention. Fi gupasergizatfonSérome ek@troimé ttt@@ﬁe $ecbiks pbatiesl wihen th@¥leegobA and
6B. Fi gure 8 illustrates a tray for plurality of HSAs. Figures 9A

hol d
and 9B i || ust r Jnagnsts tugnedefff éz‘éttiyrthﬁgmteowpcerwrtfﬁeﬁl%pﬁw@n TANELQrpInare
concurrent rei n§adlakd plak&h Be e ghplehd Qurkdd€ id 4ppRd 1288 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
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-s'upporting 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 cc_)il turns conventionally induces a magnetic field
that extends into the magnetizing space within the cylinder where the HSASs
are located, thereby initializing their MR elements.

Figure 14 shows a tray level degaussmg tool that simultaneously degausses the
suspensions of twenty HSAs. This is requlred if the stray field from a
magnetized suspension produces unwanted effects such as disturbance of the
bias level of a 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 1'40, 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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_Figure 10 is a schematic di agramillustrating the suppression of field

| eakage between adj acent reinitializing cells. Figures 11A and ||l B
illustrate a second nmanufacturing tool for performng nmultiple concurrent
reinitializations according to the inventjion. 4 Figure 12 is schematic

diagramillustrating two magnetic circuits, each for performng nultiple
concurrent reinitA atayziad8i with owerety H SIA s lis plycemtfort-lSAmnetuagnvgcdétsdrsmbgdrt 149

manuf acturing. Fi S 1 illustrate alter B! olsfor

pertorming rei ni (ELEya i BT arhynY b oRte sl A3 oY fnd SRy e 105
illustrates the riﬁmmasstmcqemgf thmtrayponqoefrwm:mwvg praviougy ellustmmsﬂr byamfer-
demagneti zati ons eHI:e §é§raqf1¥1eh ?é §' ¢ ' | 'nt%%tt{lérzglod:llﬁérgf ilh% éentr%l oﬁa 143.

dlagramlllustratlnga S dr 1B pr oCess I n-
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 field 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 including disks and head assembles are manu-
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cluding an MR head magnetic reinitialization step. DETAI LED DESCRI PTI ON OF
" THE PREFERRED EMBODI MENT Figure 1 illustrates the response of a

magnet oresi stive stripe 10 to magnetic flux produced by noving a magneti zed
storage nmedium 12 transversely to the MR i&éipe 10 in the direction

I ndicated by the arrow 13. As Figure 1 sh , the MR stripe 10 has a pl anar

15 conneoted to ¢ EENE St eacisanise it MR rifolRihy el are RRRSratfyrel
through the stripen aAsngle wafouwsing keowR mxthddse Following shegd fmanwdaptere;, sliders
e e et Bl BeuRIREL b9 60 A £5126 Dl Sgpalp b1
16 is deternined hgad asemplies iato rasgiatstep bilat Bheofowarari/Racessad dustep 15Athy,
oo et g A8 ORSIAGERRLynl LG s Bt
desi gns, the magn&ep AiSAXificae: 1o3%- nBgchdslider isludes i hasd sinckwatwib) aacMifon.
As is known, an Wﬁ%ﬁiﬁ?ﬂeddﬂcﬁegﬂ%i@ eﬂ%rteﬂ P94, Wik Sdrivaadubbisdn 81126 aM sl pe
10. When the MR stripe.is biased, the magneti zation of the stripe assunes
t he factured. In this regard, the sliders 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-
level processing, according to the teachings given above. The HSA suspensions
may then be degaussed in step 156, either singly or at tray level, as necessary.
Last, in step 157, the HSAs and other sub-assemblies are integrat;ed 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 either 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 suspen_sioh level. Therefore, the invention can also
be applied to the magnetic initialization of thin" film magnetoresistive re-
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 foﬂowing claims, which

include all such embodiments and modifications. -
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direction indicat ed by the arrow 17 at an angle Ofromthe direction of the
‘current. In operation, the magnetic flux produced by noving the medi um 12
in the di- rection 13 changes the magneti zing direction in the MR stripe 10

as indicated and 19, producing an angle [err] O fromthe
direction of ﬁmﬂuﬁllm"ﬂmmml s, in turlf produces a change in the stripe's
resistivity. The Tthange im resistivity has a known relationship with the
change in O and can RO 9 93 032 be neasured by the change in voltage V
required to keep current |DC constant be(t:%mg he | eads 14 and 15. Figure 2
I's.magni fied isonetric view show ng the a head slider assenbly (HSA)
to which is nmounted a head structure including MR reproducing head with an

MR stripe. The \ﬂ ‘:al\wrrie%h(;ao Y@‘rsgtt}&ea Ha%inuipgaﬁen& zg E@gn&%retsﬂaves hé\qg{ using a
magnetizing apparatus including a magnetic field space and means for induc-
ing a magnetic field in the magnetic field space, the method including the steps
of: forming a plurality of thin-film magnetoresistive devices on a single
substrate, each magnetoresistive device including a magnetoresistive element
having a magnetic state; separating the thin-film magnetoresistive devices by
cutting the single substrate into a plurality of individual pieces; mounting each
individual piece on a media drive suspension assembly; and for at least one
suspension assembly, setting the magnetic state of a magnetoresistive element
in a magnetoresistive device mounted on the suspension assembly by disposing
the suspension assembly with respect to the magnetizing apparatus to place the
magnetoresistive element in a magnetic field induced in the magnetic field
space by the magnetizing apparatﬁs.

2. The method of Claim I, wherein the magnetic field space comprises an air
gap, the setting step including: positioning the suspension assembles such that
the magnetoresistive element is located in the air gap of the magnetizing ap-
paratus; and, then inducing the magnetic field in_the air gap.

3. The method of Claim 2, wherein the setting step further includes, after in-
ducing the magnetic field, the following steps: removing the magnetic field
from the air gap; and moving the suspension assembly to remove the
magnetoresistive element from the air gap. ' h '
4. The method of Claim 1, wherein the magnetic field has a first orientation
with respect to an initial direction of magnetization of the magnetoresistive el-
ement, the method further including the step of degaussing the suspension as-
sembly by applying a decaying magnetic field to the suspension assembly, the
decaying magnetic field having a field direction substantially orthogonal to the

initial direction of magnetization of the magnetoresistive element.
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Conventionally, an HSA 20 manufactured for use in a disk drive includes a
i 21 mounted to a surface of a flexure 22. The slider 21 is

sl i der

manuf act ur ed usi”ull Ilﬂ i”ﬁ,ﬂ“lfmtch processi ng techni ques begi nning with
a ceram c wafer ! ity of head structures with MR reproducing
heads are man- ufactured according to kmown techniques. (Figures 1 and 2
are not intended to limt the practice of the invention since the head
structures may &l She imethed op &ilaime 1t Mharefin [t satiing: siep capornrises Theefollafwing i s
then cut intor C i ' ") o [ ndLvi et
sliders, each Wﬂ%‘@s,gr{‘ﬁrec%g @%écgicﬂtgt}%%%p%ﬁ%%ﬁs%ﬁgg t%ﬁgﬂgﬁ%ggé%éltg#%%m%es a
head structure sfmpntanNie magneiuiasla gpacgaindaeing e magnetio diek! iartho/mRagnetis ducer

25. A POT i 0N OfelhBakd: HANGRIgS TP AL EAA FOrUGE st 0l Yl an IR

stripe 26 having an“inrtial nagneti zi n? Irection 28 that” is rmned in
part by hard bi@Howed byithe addisionak sep vl rampvig thersuspeasign Hsseoehly fRm the
transducer strugtuf®icOleifigdeee 2 is not intended to limt this invention.
In fact, the MR tFansducer structure nay be any whose initial magnetic
state is predeterm ned by a selected conbination of construction de- tails

and manuf act ur i orRALAIBHTlaTlS 39, kAT ARTBLIRIEAN S Rrfdhea d8eshA-

tially simultaneously on a plurality of magnetoresistive elements on a plurality

of suspension assemblies.

7. An apparatus for magnetically setting a magnetic state of a magnetoresistive
device, comprising: opposing tinm_agnetized pole members fdrming a
magnetizing air gap; a magnetized member with a magnetic field, the
magnetized member be'ing slideably disposed with respect to the pole members;
rﬁeans connected to the magnetized member for moving the magnetized mem-
ber between the pole members: toward the air gap to a first position at which
the pole members conduct a magnétic 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; and, means for moving a magnetoresistive device into and ut of the
air gap in synchronism with movement of the‘mé"gn:etized member.

8. The apparatus of Claim 7, wherein the means for moving is a means for
moving a magnetoresistive {(MR) transducer.

: ~
9. The apparatus of Claim 7 or 8, wherein the magnetoresistive device is a

magnetoresistive transducing device.

10. The apparatus of Claim 7, 8 or 9, wherein the pole members are formed

from a soft magnetic material.

11. The apparatus of Claim 10, wherein the magnetized member includes a

Permanent magnet having a field strength in the range of 450 to 4500 gauss.
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i mpose a particular magnetic state on the MR transducer, one characteristic

of . which is | zation direction. THE | NVENTI ON The i nventors have
found that tiv ﬁ m l Huﬁ'n MR transducer neasured after HSA assenbly
can differ si S operation of the sanme transducer neasured

before and during row | evel processing. 18n fact, the in- ventors have found
that up to two to three percent. of MR transducers in a batch can exhibit a
significant reduction in output fromrow to HSA | evel neasurenents. The
invention results fromthe inventors' realization that such a decline in
operation resul % Fheotnranatvgof Claimh &1 ftigpher insluging meansrat thsegend pesiden

transducers cauggmhdig ¥ fldgAbitc SO 46 %cBLiviaB IOmabRttBBE hithfer ARG HbdfMit® RO 9

93 032 6
the magnetic field of the magnetized member to the magnetic shield.

13. The apparatus of Claim 12, wherein the magnetic shield is formed from a
soft magnetic material.

14. The apparatus of Claim 13, wherein the means for moving include a disk
drive head suspension assembly (HSA) and wherein the magnetoresistive de-
vice is a magnetoresistive (MR) transducer mounted on the HSA.
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the MR transducers resulting from manufacturing and assenbly operations up
to the HSA | evel. The inventors have di scovered that resetting or
reinitial- izing the magnetic state of degraded MR transducers by
application of an ini- tializing field tq the transducers after they are
nmounted to flexures can restore their magnetic states and recover their

operations to levels neagNERE I REIRM RN PESSEN RYp M ccordingly,
ma

£y
the invention includes reinitialilzation of the netic state of an MR

reproduci ng head by appl i catVIevGNETAREMSTINE RERRQDUIGEANAS i |l ustrated in
Figure 3 in a directippady & I\}{FIESS'@%ENS'I@N EEW@UFGME@IAE BRIVE L al
magneti zing direction of the St“lv?e of _an transducer on a

fl exure-nounted slider. In Figure 3MARNUEACTURINGng field is indicated by
H . In the case where the flexure is nade of a magnetic material, the
inventors have realized that appli- cation of H -can | eave a residual
magnetic field in the flexure. Theref or2aBSTRAGhvent ors have provi ded for
degaussi ng the flexure, when necessary, by appli- cation of a flexure
degaussing field HD in a direction orthogonal to the magnetizing direction
of the MR stripe by nmeans of a degaussing coil 30 (il-

The magnetic states of MR reproducing heads are reinitialized during media
drive manufacturing by applying initializing magnetic fields to the transducers
after they have been manufactured and incorporated into media drive assem-
blies. ' |

Figure 4
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kgs%fated diagranmatically in Figure 3) which has applied to it a decaying
\C Vol tage from an AC generator which can be switched oh and off. The
direction of the degaussing field is indicated in Figure 3. The strength of
the initializing field H nust be of sufficient magnitude to in- fluence

t he conponents of an MR transducer which essentially set the transducer's
magnetic state. Relatedly, if the MR transducer is hard biased, the field
strength of H should be greater than ihe maxi mum coercivity field of the
har dest magnetic material in the MR tr ﬁghucer. The inventors have found
that a magnetic field having a strength in the range of 450 to 4500 gauss
produces the desired effect in hard biased MR transducers over a range of
de- signs using hard biased magnets. Further, the inventors have found that
re- initialization at | evel of, drive manufacture is advant ageous
since all thermal, ele¢trical, and nmechani cal” Tabrjcation operations

i nvol ving the MR trEdHucers are 18 ﬁéte&ﬂwicw tp this stage of disk

drive production. Also f t MR transducers will be
conpleted. In the d% ‘ uf e g prgcess | oy tge assignee
of this ap- kil 33?/ ‘ 12 #IE ]
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plication, the manufacturing |evel at which sliders are nmounted to flexures
to produce head slider assenblies is called the "HSA level". In this

manuf actur- RO 9 93 032 7 ing process, HSAs are typically processed in
pl-astic trays which hold 20 HSAs in two adjacent rows of ten. In order to
mai ntain the throughput of the disk drive manufacturing process, one
significant challenge presented to the inven- tors was to performthe
reinitialization process of the invention on as nmany HSAs sinmultaneously in
a plastic tray as possible. (In this application, when HSAs are processed
inatray, "tray level" processing occurs2)i3Praviding the high anplitude
magnetic field in alimted space afforded in the tray resulted in the
non-trivial tool configurations and inplenentations at the tray |evel. The
tray level tool for reinitializing the nmagnetic state of MR transducers at

RN
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T
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INITIALIZING O ggf T MAGNETIC
FIELD OLE PIECE
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the HSA | evel of disk drive manufacture is based upon a magneti zi ng appar a-
tus shown in Figure 4 which has a magnetizing space in the formof an air
gap between a pair of soft nmagnetic pole pieces for receiving the trailing
end of an HSA. An initializing field is induced in the air gap by the pole
pi eces. The air gap.provides a well-defined region of space in which a

uni form magnetic field may be created. The volune of the air gap between
the faces of the pole pieces is dictated by the positioning of the MR
stripe on the MR reproduci ng head wi thizfis he manufacturing tray, the size
of -the trailing end of the HSA, and the anplitude and orientation tolerance
of the initializing field. Figures 5A and 5B illustrate subopti nal
processes enpl oying the magnetizing apparatus of Figure 4. In this regard,
if an MR reproducing head is noved into and extracted fromthe air gap
region while the initializing field exists in the gap, it would traverse
fringing fields which may 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-uniformtie uced by undesired fringing fields.

—— .
e 3 ]
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) FIELD p MOVING
MOVING FRINGE OLE PIECES
HSA FIELD
O

FIG. 54



One novel way to reinitialize the magnetic state of an MR transducer
accord- i:ng to the invention enploys a permanent magnet which is inserted
into and noved out of the magnetizing apparatus. This is shown in Figures
6A- 6B where a noveabl e magnet 60 is slideably disposed with respect to two
sepa- rated soft pole pieces 61 that are nmounted in a pole housing 62. The
pol e pieces are nade of soft magnetic material and the housing defines a
first posi- tion between the pole pieces 61 to which the noving magnet 60
can be noved. Wen the noving nagnet 60 is/% the first position, the soft
pol e pieces 61 channel the flux of the magnet's magnetic field to the air
gap region 65. The RO 9 93 032 8 novi ng magnet 60 can al so be noved to a
second position within a nagnetic shield 63 made of a soft magnetic

materi al which confines the magnetic field
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of the noving nmagnet 60 when the magnet is at the second position. At the
second position, little or none of the magnet's field reaches the soft pole
pi eces 61. The novi ng nmagnet 60 is coupled to a magnet |inkage 64 provided
for mechanically coupling the magnet 60 to a conventional two-stroke

el ectro- mechani cal device such as a solenoid that can be incorporated into
an auto- mated production line. As shown in Figures 6A-6B, an HSA 66 with
an MR transducer nmounted to its trailing end 67 can be placed in the air
gap 65 while the magnet is in the seconzzﬁgsition. Fol | owi ng | ocati on of
the MR transwun‘r-in the air gap 65, t REL gnet 60 is noved to the first
position at whikhsiteéNfiel@6is cnnel ed Gt OGtShe air gap
L B

é@ reinitialize
'S

t he magnetic state . d to the
second position and t heYHSA BE i 2 ed” Thus, the
field in the air gap chang¢ o >e pRen the magnet
60 is at the second positi QS : 6l><§ilt the first
position and from maxi mnurg yp e : -/’4,!>~, o the
second position. 7 % 70

nZ
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across fringe fields is avoided, resulting in an optinmumreinitialization
of the magnetic state of the MR transducer. The magneti zi ng appar at us
illustrated in Figures 6A-6B is also called a "cell". Preferably, the pole
pi eces of the cell are constructed froma soft nagnetic material exhibiting
‘no significant coercivity that responds to the field of nov- ing nmagnet 60
but exhibits no significant residual field when the nagnet 60 is in the
second position. The opposing faces of the pole pieces 61 |ocalize the
initializing magnetic field to the traibitsg edge 67 of the HSA and avoid
bathing the entire flexure of the HSA 66 in a magnetic field. The magnetic
shield is preferably fornmed fromthe soft magnetic material of the pole
pi eces. Figures 7A-7E show the process of the inventigB using a single cel
n

70. In Figure 7A, the noving magnet initially resid t he magnetic
shield 63. Hence, no field exists int air g . In thig state, the
cell 70 is noved (or the HSA 66 is nove to ace trai an end and t he
MR transducer into pgsiti j ted in Figufe 7R IQ[fhiQ pasition,
the nom nal cent err/é jﬁ:ﬁéﬂiﬁi
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RO 9-93 032 9 the MR transducer. Follow ng novenent of the cell (or HSA)
to the position illustrated in Figure 7B, the noving nagnet 60 is noved by
way of the magnet |inkage 64 to the first position between the pole pieces
61 as shown in Figure 7C. A high anplitude initializing field is thus
produced in the air gap 65 and reinitialization of the magnetic state of
the MR transducer is achieved. The nagnet is then returned to its second
position in the magnetic shield 63 as shews in Figure 7D and the field in
the gap correspondingly falls toward zero. Finally, the cell and HSA are
separated as shown in Figure 7E.. The inwventors have observed that pl acenent
of the noving magnet 60 into the first position between the pole pieces 61

directly controls the field steshg{h in the air gap 65~ herefore, the
field strength of the cel Nwbl e and re- 90
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FIG. 7114 l %M



quires only a nmechanical stroke-limting feature to provide for varying
desired field levels. Alternatively, the inventors contenplate that the
novi ng magnet 60 can be replaced by a stationary el ectromagnet which can be
operated in either constant or pul se node at the cost of space required for
coils and pro- vision of a voltage source. It should be understood that the
five step procedure of Figures 7A-7E produces the optimumresults when the
HSA is noved in and out of the air gap without a magnetic field being

i nduced. This avoids the potential unde- &isable effects expl ained above
with reference to Figures 5A and 5B. However, the inventors contenplate
that the invention may be practiced,
mai ntai ning the magnetic field whilg
air gap. As can be appreciated by £ hos¥
magneti zi ng ap- paratus can be eppl oyed
by one, by incor- poration into/a statia
This would not limt processing accordi ng
O course, a manual ly op-

e tHR—stances al |l ow, by

c—hSA is noved into and out of the
ki Hed-in the art, a single cel

O reintialize aset of HSAs, one
enpl oyin | C positioner.
o the inve o tray level.




erated cell could also be inplemented. Figure 8 illustrates the disposition
of- the 20 HSAs for tray-level processing. In this regard, a tray 80

provi des nounting support for tray- |evel processing to 20 HSAs, one of
which is indicated by reference nuneral 81. The tray 80 includes a
plurality of horizontal support nenbers, one of which is indicated by
reference nuneral 82, and a plurality of vertical cross pieces, one of
which is indicated by reference nuneral 83. The support mnenbers, cross

pi eces, and RO 9 93 032 10 HSAs are %ntl osed in a tray periphery 84. The
support nenbers, cross pieces, and penryphery—are—eo—p+apnar, the tray having
no bottom or top surface. Con- ds of the HSAs are
accessible fromeither side of the ows, the tray 80
permts a plurality of small HSAs

FIG. 11B




be pl'aced adjacently in a predeternined orientation and pernits insertion
of pole pieces into the tray. Figures 9A and 9B show a tray | evel nachine
90 with a plurality of cells 91 in alignnent with a plate 92 having a
recess 93 for receiving a tray. As shown in Figure 9A the cells 91 are
nmounted in 1x10 arrays. The arrays are co-nounted on a noveabl e nenber (not
shown) which is driven by a nulti-stroke drive 94 in the two directions

i ndi cated by the arrow 95. Wien driven dofwwardly, the arrays are pulled
down into the interior of the tray | evel machine 90. Wen driven upwardly,
the cell arrays are noved to the position shown in Figure 9A where the pole
pi eces protrude upwardly within the space defined by the recess 93. As
Figure 9B shows, a tray 97 with 20 HSAs nounted therein includes a | ower
lip 98 that engages th ter periphery of the recess 93 to align the tray

with the recess so t—wh the cell arrays are driven upwardly into the
recess, each cel |l /apr~ gap 1 §RS precisely with the trailing end of a
respective HSA t erformth initialization step c rently on all of
the HSAs. The rghh- itializati i s perfornmed when stroke drive
94 noves the ets of N
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the cells upwardly between the pole pieces to induce the initializing
fieelds in the air gaps. Next, the nmulti-stroke drive 94 pulls the magnets
down into the cell shields and then pulls the cell arrays downwardly into
the tray | evel machine 90. The tray 97 is then extracted fromthe recess
93. If the initialization cells in the machine illustrated in Figures 9A
and 9B are conpact and pl aced adjacently, then it is possible to

sinul taneously insert twenty air gaps inue the tray and to concurrently
initialize the magnetic states of the MR transducers nounted on all of HSAs
mounted in the tray. How ever, undesired dtSAhet ween adj acent
cells may cause the magnetic field inmanxiair gap to decrease narkedly. In

sone applications, resetting the magGaR C\ st at 7 ef MRREUBMENTCcer s may
require |l ow magnetic field strength, and i s strength, the field of
adj acent cell |eakage does not deg ileld stfength to an
unaccept abl e | evel. However, in O prevent the field
from achi eving acceptable | evels i red MAGNBETIC algzgtjon. RO 9 93 032
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16 CLAIMS 1. A nmethod for setting a magnetic state of a magnetoresistive
devi ce using a magnetizing apparatus including an air gap di sposed between
magneti ¢ pol es conposed of a soft magnetic material and means for inducing
a magnetic field in the air gap, the nethod including the steps of: formng
a plurality of thin-filmnmagnetoresistive transducers on a single
substrate, each nmagnetoresistive transducer including a hard bi ased

magnet oresi stive el enment having a nmagné2fié state; separating the thin-film
magnet oresi stive transducers by cutting the single substrate into a
plurality of individual pieces; nounting each individual piece on a
fl exure, producing a head slider assenbly; for at |east one head slider
assenbly, setting the magnetic state of a hard biased nagnetoresistive
el enent in a magnetoresistive transducer nounted on the flexure by




di sposing .t he head slider assenbly with respect to the magneti zing
apparat.us to place the hard biased nmagnetoresistive elenent in the air gap;
and inducing a nmagnetic field in the air gap. 2. The nethod of claim1,
wherein the setting step further includes, after inducing the nmagnetic
field, the follow ng steps: renoving the magnetic field fromthe air gap;
and noving the head slider assenbly tgo renove the hard bi ased
magnet oresi stive el enent fromthe ail® ﬁhp. 17 3. The net hod of claim
1, wherein the magnetic field has a first orientation with respect to an
initial direction of magnetization of the hard biased nagnetoresistive
el enent, the nethod further including the step of degaussing the head
slider assenbly by applying a decaying nagnetichbeld to the head slider
assenbly, the QOF&EBR Ng [
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magmnet i c field havi ng a field direction substantially orthogonal to the
initial direction of nagnetization of the hard biased nagnetoresistive

el enent. 4. The nethod of claim1, wherein the setting step is perfornmed
substantial ly simltaneously on a pluralihty of hard biased magnetoresistive
el ements on a plurality of head slider assenblies. 5. The met hod of

claim1, wherei rlayére(”ﬂﬂtMimgri]‘?belmgf:hlrat fm@(gﬁ@ﬂimrdn&ﬁﬁectibﬂ, fiei |o®i&hﬂﬁio;i]1t, @pd, in
order: renoving the netic fi rom the air t he

addi ti onal step S8f°“r'g§%\r$‘?fgexﬁﬁﬁﬁﬁé%&)' P&l alasm&ﬁﬁlﬂk%t\%l{gﬁ”%ayp%.
The nethod of cljaj MdGrawhEIERINew Kerisetog Ngp.st7emo2s performed substantially
sinmultaneously on a plurality of hard_ biased magnetoresistive elenents on a

plurality of sus"f)téﬂn%‘ia_é?\et&@éf?&f‘ﬁ@g?s qf:the MR stephaee ifl&fi'alié'%q PY HeF apRfiegtieni c
state of a MagNejrof eRighkiid el GR MR Nad CARRGHIYZ 't iBRRELAbN Sté ¢hidi ng
an air gap di sposed between nagnetic poles conposéd of a soft magnetic

mat eri al and nedHacearthe walkzilengl andratHetrow leyed) dependipg &pan thegipsumstansest hod

including the stgpsreRlirements of manufacturing and assembly.

However, some processing operations that occur during and after row-level
processing have been proved to alter the magnetic state of MR transducers.
In this regard, the inventors have concluded that intentional and accidental
insults to an MR transducer occurring during and after row level processing
can cause the formation of domains in the thin film magnetoresistive 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 ménufacturing media drives in
which the magnetic state initially established fi):r MR reproducing heads during

wafer level processing is reinitialized during media drive assembly steps.
SUMMARY OF THE INVENTION e

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 a method for
setting a magnetic state of magnetoresistive device using a magnetizing apparatus

including an air gap disposed between magnetic poles composed of a soft magnetic

material and means for inducing a magnetic field in the air gap, the method including

the steps of:
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nmounting a plurality of magnetoresistive transducers on a correspondi ng
plurality of head slider assenblies, such that each nagnetoresistive
‘transducer includes a hard biased magnetoresi stive el ement having a
magnetic state and is mounted on a respective flexure; for at |east one
head slider assenbly, setting the nmagnetic state of a 18 hard bi ased
magnet oresi stive elenent in a nmagnetore®d stive transducer nounted on the
flexure by disposing the assenbly with respect to the magnetizi ng apparatus

to place the hagginhh@s pthrieg B A HhinThighetopdseie trahddubdts oftlalsifg@; 1 nduci ng
a. magnetic field in the air gap; and nmounting the at | east one assenbly in

a nmedi a dr \\iReraf; each malheBRisede %nﬁu@ér‘”fhﬁudi%@?{héfd&biﬁ%}ﬁexﬁ o -}o'i’&is?i‘ir@p

further includes, after 1 nducing the magneti ol 'ow ng st eps:

0
removi ng tgﬁmgggﬁﬁgcamaghgicfsqa%pthe air gap; and

separating the thin-film magnetoresistive transducers by cutting the single

substrate into a plurality of individual pieces;

mounting each individual piece on a flexure, producing a head slider assembly;

for at least one head slider assembly, setting the magnetic state of a hard biased
magnetoresistive element in a magnetoresistive transducer mbunted on the flexure by
disposing the head slider assembly with respect to the magnetizing apparatus to place
the hard biased magnetoresistive element in the air gap; and inducing a magnetic field
in the air gap.

According to another aspect of the present invention there is provided a method
for setting a magnetic state of a magnetoresistive device using a magnetizing apparatus
including an air gap disposed between magnetic poles composed of a soft magnetic
material and means for inducing a magnetic field in the air gap, the method including
the steps of:

mounting a plurality of magnetoresistive transducers on a corresponding
plurality of head slider assemblies, such that each magnetoresistive transducer includes
a hard biased magnetoresistive element having a magnetic state and is mounted on a
respective flexure; for at least one head slider assembly, setting the magnetic state of a
hard biased magnetoresistive element in a magnetoresistive transducer mounted on the
flexure by disposing the assembly with respect to the magnetizing apparatus to place
the hard biased magnetoresistive element in the air gap;

inducing a magnetic field in the air gap; and
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novi ng the head slider assenbly to renpve the hard bi ased magnet oresistive

elenment fromthe air gap; 9. The nmethod of claim7, wherein the nmagnetic
field has a first orientation of claim7, wherein the nagnetic field has a
first orientation with respect to an initial direction of magnetization of

t he hard bi ased magnetoresistive elenent, the method further including the
step of degaussing the head slider assenbly by applying a decayi ng nagnetic
field to the head slider assenbly, the decaying magnetic field having a

field direction rﬁ&l&ﬁfn%%é a1kast Ohd NREAPIin bk nddieddival ti al di rect i on of

magneti zation of the hard biased nagneforesistive el ement. The net hod
of claim7, wher I T et
si mul t aneous| y o'ﬁécgr&l{qg ﬁfu{éd&g}é%%&{%“ é%gr%a ng g‘?@m stllg\‘i?LCJVY egr?ent s on a

| | f i.d whe
Phe Sett .ynSngtF%ﬂigqr&P&twgﬁ rﬁ‘a?%sﬁ%ﬁb gtats °tf abiegpiofhTE 605 Mind flaliadhizinl o ®1 1

the magnetic field fromthe air foll owed by the additional step of
renovi ng t FEPHERA 1B¢1PYBE 20 3L €A FiVP?freérhef"FFénéWgnﬁ%POleS composed of a soft

magnetic material and means for inducing a magnetic field in the air gap, the method
including the steps of:

forming a plurality of thin-film magnetoresistive transducers on a single
substrate, each magnetoresistive device including a magnetoresistive element having a
magnetic state;

separating the thin-film magnetoresistive transducers by cutting the single
substrate into a plurality of individual pieces;

mounting each individual piece on a flexure, producing a head slider assembly;

for at least one slider assembly, setting the magnetic state of a hard biased
magnetoresistive element in a magnetoresistive transducer mounted on the flexure by
disposing the assembly with respect to the magnetizing apparatus to place the hard
biased magnetoresistive element in the air gap, the magnetic field having a strength in
the range of 450 to 4500 gauss; and

inducing a magnetic field in the air gap.

According to still another aspect of the present invention there is provided a
method for setting a magnetic state of each magnetoresistive transducer of a plurality of
magnetoresistive transducers using a magnetizing apparatus that includes a plurality of
cell magnets including a corresponding cell magnet for each magnetoresistive
transducer, each cell magnet further including an air gap disposed between a pole

members that are composed of a soft magnetic material, and the apparatus further
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19 12. The nethod of claiml 1, wherein the setting step is perforned
substantially sinultaneously on a plurality of hard biased magnetoresi stive
el ements on a plurality of head slider assenblies. 13. A et hod for
setting a magnetic state of a magnetoresistive device using a magnetizing
apparatus including an air gap di sposed between magnetic pol es conposed of
a soft magnetic material and nmeans for pgducing a magnetic field in the air
gap, the method including the steps of: formng a plurality of thin-film

magnet or es'ﬁ%ﬁcﬁﬁg h{egﬂssf&’?rﬁfu&n%% fla eﬂ? lf@ldsiﬂl?%.t 51?%%1 tkf‘eatﬁg.h glnﬁl ?{ﬁe Lstive

devi ce i ncl a mag netore5|st| enent a nag n I'c's
separatlngS%? ghln f|In1nagnetoreS|st|ve t ransducers by cutting the singl e
substrate iPhFo plurality of individual pieces;

forming a plurality of thin-film magnetoresistive transducers on a single
substrate, each magnetoresistive transducer including a magnetoresistive element
having a magnetic state;

separating the thin-film magnetoresistive transducers by cutting the single
substrate into a plurality of individual pieces;

mounting each individual piece on a respective flexure, producing a head slider
assembly from a plurality of assemblies;

for each assembly in the plurality of head slider assemblies, setting the magnetic
state of each hard biased magnetoresistive element in each magnetoresistive transducer
mounted on each flexure substantially simultaneously by disposing each assembly in
each air gap of each cell magnet; and

inducing a magnetic field in each air gap of each cell magnet.

According to still another aspect of the present invention there is provided a
method for setting a magnetic state of each magnetoresistive transducer of a plurality of
magnetoresistive transducers using a magnetizing apparatus that includes a plurality of
cell magnets including a corresponding cell magnet for each magnetoresistive
transducer, each cell magnet further including an air gap disposed between pole
members that are composed of a soft magnetic material, and the apparatus further
including means for inducing a magnetic field in the air gap, the method including the
steps of:

mounting the plurality of magnetoresistive transducers on a corresponding

plurality of flexures, producing a corresponding plurality of head slider assemblies,
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mounti'ng each individual piece on a flexure, producing a head slider
assenbly; for at |east one slider assenbly, setting the nagnetic state of a
hard bi ased nagnetoresistive elenment in a nagnetoresistive transducer
nounted on the flexure by disposing the assenbly with respect to the
magneti zi ng apparatus to place the hard bi ased nmagnetoresistive elenent in
the air gap, the magnetic field having gtrength in the range of 450 to
4500 gauss; and inducing a magnetic field in the air gap. 14. The net hod

of claim 13 égﬂﬂﬁtﬁée@lg H}gnasiegfsﬁge ﬂlﬁauéevmchﬁesaﬁ&ﬂd%&%dn@i % g&gg' ng the

magnetlc fle‘ll oW n r enovi n e manetl romthe
3L gap: and S| BshES pERd %atgsﬁd SSE Bk 8 SRYEs A RO O 051 st ve

for each assembly in the plurality of head slider assemblies, setting the magnetic
state of each hard biased magnetoresistive element in each magnetoresistive transducer
mounted on each flexure substantially simultaneously by disposing each assembly in
each air gap of each cell magnet; and

inducing a magnetic field in each air gap of each cell magnet.

According to still another aspect of the present invention there is provided a
method for setting a magnetic state of each magnetoresistive transducer of a plurality of
magnetoresistive transducers using a magnetizing apparatus that includes a plurality of
cell magnets including a corresponding cell magnet for each magnetoresistive
transducer, each cell magnet further including an air gap disposed between a pole
members that are composed of a soft magnetic material, and the apparatus further
including means for inducing a magnetic field in the air gap, the method including the
steps of:

mounting the plurality of magnetoresistive transducers on a corresponding
plurality of media drive suspension assemblies, such that each magetoresistive
transducer includes a hard biased magnetoresisitve element having a magnetic state and
being mounted on a respective media drive suspension assembly;

for each suspension assembly in the plurality of suspension assemblies, setting
the magnetic state of each hard biased magnetoresistive element in each
magnetoresistive transducer mounted on each suspension assembly substantially
simultaneously by disposing each suspension assembly in each air gap of each cell

magnet; and
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15. "The method of claim 13, wherein the magnetic field has a first
orientation with respect to an initial direction of nagnetization of the
magnet oresi stive el enent, the method further including the step of
degaussi ng the head slider assenbly by applying a decaying magnetic field
to the assenbly, the decaying nagnetic field having a field direction
substantially orthogonal to the initial 2direction of nmagnetization of the
magnet or esi stive el enent. 16. The net hod of claim 13, wherein the setting
step is perfor mEgdsisd aRkheétld fiel@inasch aneap st ¥achkeR nilghé@l i ty of

magnet oresi stive elenents on a plurality of head slider assenblies. 17.
The nmethod of claim 13, wherein the setting step further conprises the
foll owi ng steps, in order: renoving the magnetic field fromthe air gap,
foll owed by the additional step of renoving the head slider assenbly from
the air gap. 18. The met hod of claim 17, wherein the setting step is
performed substantially sinmultaneously on a plurality of magnetoresistive
el enents on a plurality of head slider assenblies.
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19.. A nmethod for setting a magnetic state of each magnetoresistive

" transducer of a plurality of magneotresistive transducers using a

‘magneti zing apparatus that includes a plurality of cell nmagnets including a
correspondi ng cell magnet for each magnetoresistive transducer, each cel
magnet further including an air gap disposed between pole nenbers that are
conposed of a soft magnetic material, and the apparatus further including
means for inducing a nmagnetic field in the air gap, the method incl uding
the steps of: 21 formng a plurality of thin-film nagnetoresistive
transducers on a single substrate, each magnetoresistive transducer
including a magnetoresistive elenent having a nmagnetic state; separating
the thin-filmmagnetoresistive transducers by cutting the single substrate
into a plurality of individual pieces;

The foregoing and other objects, features, and advantages of the invention
will be apparent from the following more particular description of the in-

vention as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic sketch showing a circuit including a magnetoresistive -
(MR) element for reading data from a magnetic medium.

Figure 2 is an isometric view showing a portion of the trailing end of a head
suspension assembly (HSA) for a disk drive to which a slider with an MR re-
producing head is mounted. '

Figure 3 is a diagra.m illustrating the application of an initializing field and a
degaussing field to an HSA including an MR reproducing head.

Figure 4 is a top p_lén view showing reinitialization of the magnetic state of an
HSA-mounted MR reproducing head according to the invention.

Figures SA and 5B show relative movement between an initializing.field and
an HSA-mounted MR reproducing head.

Figures 6A-6B illustrate a tool for applying an initializing field according to the
invention. _ ~

Figures 7A-7E show use of the tool illustrated in Figures .6A and 6B.

Figure 8 illustrates a tray for holding a plurality of HSAs.

Figures 9A and 9B illustrate a first manufacturing tool for performing multiple
concurrent reinitializations according to the invention.

Figure 10 is a schematic diagram illustrating the suppression of field leakage
between adjacent reinitializing cells. '

Figures 11A and 11B illustrate a second manufacturing tool for performing

multiple concurrent reinitializations according to the invention.
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nounti'ng each individual piece on a respective flexure, producing a head
sl i der assenbl I|ty of assenblies; for each assenbly in the
plurality o m M\am }l@l‘g enblies, setting the nagnetic state of each

har d biased I've elenent I n each magnet oresi stive transducer
mount ed on each flexure substantially sinultaneously by disposing each
assenbly in each air gap of each cell mgnet; and inducing a magnetic field
in each air gap of each cell magnet. 20. The net hod of claim 19, further
conprising the step of boosting magnetic field strength to counteract

degradati on of magnetic field strengt Aﬁhﬁgy cell magnet of the plurality
of cell magnets: providing a permnent dlsposing t he per manent

magnet between pql e %qurs of adj acent ceII nets i.nduci ng a
magnet i ¢ fY\gI d t8 r‘?ﬁtﬁl@ﬁta E‘E statg O&a tOFeééﬁQé{Elge‘GFe ‘é%ﬁl%l%ent cel l
magnet s. The method of claim 19, wherein the nmagnetic field has a

strength i nm@g@t;{za}gga@paratus including an air gap disposed between magnetic poles composed

of a soft magnetic material and means for inducing a magnetic field in the air gap, the
method including the steps of:

forming a plurality of thin-film magnetoresistive transducers on a single
substrate, each magnetoresistive transducer including a hard biased magnetoresistive
element having a magnetic state;

separating the thin-film magnetoresistive transducers by cutting the single
substrate into a plurality of individual pieces;

mounting each individual piece on a flexure, producing a head slider assembly;

for at least one head slider assembly, setting the magnetic state of a hard biased
magnetoresistive element in a magnetoresistive transducer mounted on the flexure by
disposing the head slider assembly with respect to the magnetizing apparatus to place
the hard biased magnetoresistive element in the air gap; and

inducing a magnetic field in the air gap.
2. The method of claim 1, wherein the setting step further includes, after inducing
the magnetic field, the following steps:

removing the magnetic field from the air gap; and

moving the head slider assembly to remove the hard biased magnetoresistive

element from the air gap.
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~of 450 to 4500 gauss. 22. The met hod of claim 19, wherein the setting

step further Jjncl I nduci ng the magnetic field, the foll ow ng
st eps: 24@6@:&9 jmwﬂ hménet ic field fromthe air gap; and noving the
head sl i der e the magnetoresistive elenment fromthe air

gap. 23. The nethod of claim19, wherein the magnetic field has a first
orientation with respect to an initial 1direction of magnetization of the
hard bi ased magnet oresi stive el enent, the nethod further including the step

of degaussi ng the eddd of tidRh 129586HR tHe RbgAdiR el Basth MSCAHYdddionREREL i C
field to the assenbly, the decaying magnetic field having a field direction

substant | akdpte Ol ABRAPirdRioh B mahdilAlioof HE hr@bibd HAGRGLISREPN Of the

hard bi as magnet oresi stive

element, the method further including the step of degaussing the head slider assembly
by applying a decaying magnetic field to the head slider assembly, the decaying
magnetic field having a field direction substantially orthogonal to the initial direction of
magnetization of the hard biased magnetoresistive element,
4, The method of claim 1, wherein the setting step is performed substantially
simultaneously on a plurality of hard biased magnetoresistive elements on a plurality of
head slider assemblies.
5. The method of claim 1, wherein the setting step further comprises the following
steps, in order:

removing the magnetic field from the air gap, followed by the additional step of

removing the head slider assembly from the air gap.
6. The method of claim 5, wherein the setting step is performed substantially
simultaneously on a plurality of hard biased magnetoresistive elements on a plurality of
suspension assemblies.
7. A method for setting a magnetic state of a magnetoresistive device using a
magnetizing apparatus including an air gap disposed between magnetic poles composed
of a soft magnetic material and means for inducing a magnetic field in the air gap, the
method including the steps of:

mounting a plurality of magnetoresistive transducers on a corresponding
plurality of head slider assemblies, such that each magnetoresistive transducer includes
a hard biased magnetoresistive element having a magnetic state and is mounted on a

respective flexure; for at least one head slider assembly, setting the magnetic state of a
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t he follomﬁng renmovi ng the magnetic field fromeach air
.gap, follomed step of renoving each head slider assenbly
from each air @ap¢ 2 The met hod of claim 19, wherein the setting step
further conprises the follow ng steps, in order: renoving the magnetic
field fromeach air gap, followed by tht8 additional step of renoving each
suspensi on assenbly. 26. The net hod of claim 21, wherein the setting step

further i nghtddfssed dhdpaetorddibtiot B@nieRLinBAGTetdzediitRk GranddiBer bkiA¥d St eps:
renoving the magnetic field fromthe air gap, and noving the head slider

assenbl y t?leﬁmyedléﬂﬁglnngfs%%ﬁ?'vﬁm MEpeet %Wﬁ@&na&ﬁ&fﬂr{gl%pgfa{:usqg&aclh' s is

t he repl acenent $h

'24. ° The met hod of cIa| ﬁalﬂ&hereln the setting step further conprises

the hard biased magnetoresistive element in the air gap;

inducing a magnetic field in the air gap; and

mounting the at least one assembly in a media drive.
8. The method of claim 7, wherein the setting step further includes, after inducing
the magnetic field, the following steps:

removing the magnetic field from the air gap; and

moving the head slider assembly to remove the hard biased magnetoresistive
element from the air gap;
9. The method of claim 7, wherein the magnetic field has a first orientation of
claim 7, wherein the magnetic field has a first orientation with respect to an initial
direction of magnetization of the hard biased magnetoresistive element, the method
further including the step of degaussing the head slider assembly by applying a
decaying magnetic field to the head slider assembly, the decaying magnetic field
having a field direction substantially orthogonal to the initial direction of magnetization
of the hard biased magnetoresistive element.
10. The method of claim 7, wherein the setting step is performed substantially
simultaneously on a plurality of hard biased magnetoresistive elements on a plurality of
head slider assemblies.
L. The method of claim 7, wherein the setting step further comprises the following
steps, in order:

removing the magnetic field from the air gap, followed by the additional step of

removing the head slider assembly from the air gap.
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23 27. The nethod of claim 21, wherein the magnetic field has a first

orientation wt ni tial direction of nagnetization of the
hard bi ased nagll:u“mﬁm!"“g"ﬂalmﬂent the nethod further including the step
of degaussing the* headtsl ndes assenbly by applying a decayi ng magnetic
field to the assenbly, the decaying magnetic field having a field direction
substantially orthogonal to the initial 1direction of nmagnetization of the

hard bi ased magnetoresistive el enent. 28. The net hod of claim 21,

wher ei n t heoset tT0mshed of Safh ef, viRBA klfees%tddg%téquk F&%rﬁ&d%ﬁﬁ’s}?&tiagg_ order:
renoving the magnetic field fromeach air gap, followed by the additional

step of rerggﬁhl%ege%p Rggg;%réﬂitiy%%aﬁ%ﬁ%’ég 'rﬁ/aﬁhét%sﬁﬁ@el%értng%ﬂ a phitality &t

nmet hod for settin etic’state o achi magnet oresi stive transducer of
a plurali tﬁﬁo 5 Eignest On sg stive transducers using a magneti zi ng appar at us
that incl ud&8 3%; P 1§7 ‘of cell magnets including a correspondi ng cell

magnet for each . . . s : .
13, A method for setting a magnetic state of a magnetoresistive device using a

magnetizing apparatus including an air gap disposed between magnetic poles composed
of a soft magnetic material and means for inducing a magnetic field in the air gap, the
method including the steps of:

forming a plufality of thin-film magnetoresistive transducers on a single
substrate, each magnetoresistive device including a magnetoresistive element having a
magnetic state;

separating the thin-film magnetoresistive transducers by cutting the single
substrate into a plurality of individual pieces;

mounting each individual piece on a flexure, producing a head slider assembly;

for at least one slider assembly, setting the magnetic state of a hard biased
magnetoresistive element in a magnetoresistive transducer mounted on the flexure by
disposing the assembly with respect to the magnetizing apparatus to place the hard
biased magnetoresistive element in the air gap, the magnetic field having a strength in
the range of 450 to 4500 gauss; and

inducing a magnetic field in the air gap.
14. The method of claim 13, wherein the setting step further includes, after
inducing the magnetic field, the following steps:

removing the magnetic field from the air gap; and

moving the head slider assembly to remove the magnetoresistive element from

the air gap.
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magnet oresi s ch cell magnet further including an air gap
di sposed bet we‘m\!“ ﬂ iMM‘ mfhat are conposed of a soft nmagnetic

.materi al cappar at us further including neans for inducing a nmagnetic
field in the air gap, the nethod including the steps of: nounting the
plurality of magnetoresistive transducers on a corresponding plurality of

fl exures, producing a corresponding plup@ality of head slider assenblies,
such that each magnet or esi stive transducer includes a hard biased

magnet or esijgt i veriglamsY of @B QvHEP&x’i‘ﬁxte'rﬁag%Eﬁé ﬁelamas Q%L‘%&ﬁeac%f?"&gp a

respective flexure; for each assenbly in the plurality o

assenb! | €S reeliih 3 il JRIAGE bEmabRLa R S IR LLARELIRGDGEET 51 St ve

elenent in e magnet oresi sti ve ans ucer noun €flexure

Zg_??]t ggf : al l%h%ﬂ{ {.TU ! a'?lel(l)letheb g/tep OP&)BOgSalIJS%glg tﬁec Eea%ss?lﬁer asgem&y%?/%?)p yLu{g e? ap of

decaying magnetic field to the assembly, the decaying magnetic field having a field
direction substantiallly orthogonal to the initial direction of magnetization of the
magnetoresistive element.
16. The method of claim 13, wherein the setting step is performed substantially
simultaneously on a plurality of magnetoresistive elements on a plurality of head slider
assemblies.
17. The method of claim 13, wherein the setting step further comprises the
following steps, in order:

removing the magnetic field from the air gap, followed by the additional step of
removing.the head slider assembly from the air gap.
18. The method of claim 17, wherein the setting step is performed substantially
simultaneously on a plurality of magnetoresistive elements on a plurality of head slider
assemblies.
19. A method for setting a magnetic state of each magnetoresistive transducer of a
plurality of magneotresistive transducers using a magnetizing apparatus that includes a
plurality of cell magnets including a corresponding cell magnet for each
magnetoresistive transducer, each cell magnet further including an air gap disposed
between pole members that are composed of a soft magnetic material, and the
apparatus further including means for inducing a magnetic field in the air gap, the

method including the steps of:

This is the replacement sheet

-1 JuLee

pDate.



i nducing a magnetic field in each air gap of each cell magnet. 30. A

nmet hod for setting a { ﬁme of each nmagnetoresistive transducer of
\\“ ansducers using a nmagnetizi ng apparat us

a plurality of

that includes a piWsREI™ Ly of tell magnets including a corresponding cell
magnet for each magnetoresistive transducer, each cell nmagnet further
including an air gap disposed between ppl e nenbers that are conposed of a
soft magnetic material, and the apparatus further including nmeans for

i nduci ng a mMagnedddfing h?hﬂalit? off Bfin dilth rBaMetokddetive tiaRdiubds b disigid he steps
of : nmounting the plurality of magnetoresistive transducers on a

cor 1 e5PONdiiigflelt A erlor B2 oL HIRAAS L A ASRALLESterliE_t N

each magetoresistive transducer inc es a ased nmagnhetoresistive
el enent hay' n?t' state and bei ng nounted on a respective nedi a

: 1%1\;{%%% ng%ggt n%%tgt_e, . ) .
drive suspensi y;” for each suspension assenbly in the plurality of
suspensi on assenblies, Eeﬁ'il ggst he nngqr;et.i c,state of each Bf%rﬁiiﬁﬂ?i ased
magnet or esi st i vESRHFASHC PIP-LLR MagLEIRESIES [FaSeyeers Py AuHne fited on
each suspension assenbly substantially sinultaneously by disposing each
suspensi onsubstatetnip a plusbishofindivishisl piecesach cel |

mounting each individual piece on a respective flexure, producing a head slider
assembly from a plurality of assemblies;

for each assembly in the plurality of head slider assemblies, setting the magnetic
state of each hard biased magnetoresistive element in each magnetoresistive transducer
mounted on each flexure substantially simultaneously by disposing each assembly in
each air gap of each cell magnet; and

inducing a magnetic field in each air gap of each cell magnet.
20. The method of claim 19, further comprising the step of boosting magnetic field
strength to counteract degradation of magnetic field strength in any cell magnet of the
plurality of cell magnets:

providing a permanent magnet;

disposing the permanent magnet between pole members of adjacent cell
magnets; and

inducing a magnetic field to the permanent magnet to prevent leakage of

adjacent cell magnets.

21.  The method of claim 19, wherein the magnetic field has a strength in the range
of 450 to 4500 gauss.
22. The method of claim 19, wherein the setting step further includes, after

inducing the magnetic field, the following steps:
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magnet; and inducing a magnetic field in each air gap of each cell magnet.
31. The net further conprising the step of boosting
magnetic fiel Hm“ﬂwmmlmﬁﬂ!ILnt eract degradation of nmagnetic field
strength in any cell" ndgnét of the plurality of cell magnets: providing a

per manent magnet ; 25 di sposing the permanent nagnet between pol e nenbers
of adjacent cell magnets; and inducing &2nmagnetic field to the permanent
magnet to prevent | eakage of adjacent cell magnets. 32. The net hod of

cl aim 29, wher eimsmbhingtké mapaetstfegdd framtthenirigaglandes, after inducing the
magnetic field, the follow ng steps:

moving the head slider assembly to remove the magnetoresistive element from
the air gap.
23. The method of claim 19, wherein the magnetic field has a first orientation with
respect to an initial direction of magnetization of the hard biased magnetoresistive
element, the method further including the step of degaussing the head slider assembly
by applying a decaying magnetic field to the assembly, the decaying magnetic field
having a field direction substantially orthogonal to the initial direction of magnetization
of the hard biased magnetoresistive element.
24.  The method of claim 19, wherein the setting step further comprises the
following steps, in order:

removing the magnetic field from each air gap, followed by the additional step
of

removing each head slider assembly from each air gap.
25. The method of claim 19, wherein the setting step further comprises the
following steps, in order:

removing the magnetic field from each air gap, followed by the additional step
of removing each suspension assembly.
26. The method of claim 21, wherein the setting step further includes, after
inducing the magnetic field, the following steps:

removing the magnetic field from the air gap; and

moving the head slider assembly to remove the magnetoresistive element from

the air gap.
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renoving the nmagnetic field fromthe air gap; and noving the head slider

assenbly to re sisitve el ement fromthe air gap. 33. The
met hod of cl ai mnmm‘m%m“mrmgnet ic field has a first orientation with
respect to an inriti‘al “diecti dn of nagnetization of the hard biased

magnet oresi stive elenment, the nethod further including the step of

degaussi ng the head sli der assenbly by a¥blying a decaying nagnetic field
to the head slider assenbly, the decaying nmagnetic field having a field

di rection s@Bst afhe atdtyodsfdigaliawherzin the mapntiicafieldihbe§ Firs® Briéhtation with
magneti zati on of the hard bi ased nmagnetoresistive el enent. 34. The net hod

of cl ai m 29respbi & bRiditisl cﬁ:&&ﬂidmrﬁagﬁi@tlidﬂoh%@Eh&&?&)ﬁia%m&é}ﬁt&eélétg)éﬂ ng
steps, in order: renoving the magnetic field fromeach ait gap, | I owed by

gap. 35 omeRl i b FRR i BRRY, BE3 S MR AR B el TR RRED
oI 58S 1o byt A ShERenkih RIGR e LEHBN hd di2aJTRE Bkl b ¢ irom

having a field direction substantially orthogonal to the initial direction of magnetization
of the hard biased magnetoresistive element.
28. The method of claim 21, wherein the setting step further comprises the
following steps, in order:

removing the magnetic field from each air gap, followed by the additional step
of removing each head slider assembly from each air gap.
29. A method for setting a mégnetic state of each magnetoresistive transducer of a
plurality of magnetoresistive transducers using a magnetizing apparatus that includes a
plurality of cell magnets including a corresponding cell magnet for each
magnetoresistive transducer, each cell magnet further including an air gap disposed
between pole members that are composed of a soft magnetic material, and the
apparatus further including means for inducing a magnetic field in the air gap, the
method including the steps of:

mounting the plurality of magnetoresistive transducers on a corresponding
plurality of flexures, producing a corresponding plurality of head slider assemblies,
such that each magnetoresistive transducer includes a hard biased magnetoresistive
element having a magnetic state and being mounted on a respective flexure;

for each assembly in the plurality of head slider assemblies, setting the magnetic

state of each hard biased magnetoresistive element in each magnetoresistive transducer

et
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of renoving each suspensio nmbly fromeach air gap. 26 36. The
nmet hod of cl ai \\\ m setting step further includes, after

i nduci ng the na \ e follow ng steps: renoving the magnetic
field fromthe a*r §ap* and noving the head slider assenmbly to renove the
magnet oresi stive elenent fromthe air gap. 37. The net hod of clai m 31,
wherein the magnetic field has a first o4 entation with respect to an
initial direction of magnetization of the hard biased magnet oresistive

el ement, t henowatddash dach flbRure istlsstantiang sihhﬁftaﬁécﬁl@lyflf dgeae Shébassablpgad
slider assembly by applying a decaying magnetic Tyl eld to the assenbly, the

decayi ng magagtdicgdd @ﬂéﬁcl‘ﬂ@é'll Rdgfetfdn@l d direction substantially orthogonal
to the initial direction of nmagnetization of the hard biased
magnet or esi sti ve ;o 8N magnetic field in each air gap of each cell magnet.
30. A method for setting a magnetic state of each magnetoresistive transducer of a
plurality of magnetoresistive transducers using a magnetizing apparatus that includes a
plurality of cell magnets including a corresponding cell magnet for each
magnetoresistive transducer, each cell magnet further including an air gap disposed
between pole members that are composed of a soft magnetic material, and the
apparatus further including means for inducing a magnetic field in the air gap, the
method including the steps of:
mounting the plurality of magnetoresistive transducers on a corresponding
plurality of media drive suspension assemblies, such that each magetoresistive
transducer includes a hard biased magnetoresistive element having a magnetic state and
being mounted on a respective media drive suspension assembly;
for each suspension assembly in the plurality of suspension assemblies, setting
the magnetic state of each hard biased magnetoresistive element_ in each
magnetoresisitve transducer mounted on each suspension assembly substantially
simultaneously by disposing each suspension assembly in each air gap of each cell
magnet; and
inducing a magnetic field in each air gap of each cell magnet.
31. The method of claim 30, further comprising the step of boosting magnetic field
strength to counteract degradation of magnetic field strength in any cell magnet of the
plurality of cell magnets:

providing a permanent magnet;
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disposing the permanent magnet between pole members of adjacent cell
magnets; and

inducing a magnetic field to the permanent magnet to prevent leakage of
adjacent cell magnets.
32. The method of claim 29, wherein the setting step further includes, after
inducing the magnetic field, the following steps:

removing the magnetic field from the air gap; and

moving the head slider assembly to remove the magnetoresisitve element from
the air gap.
33. The method of claim 29, wherein the magnetic field has a first orientation with
respect to an initial direction of magnetization of the hard biased magnetoresistive
element, the method further including the step of degaussing the head slider assembly
by applying a decaying magnetic field to the head slider assembly, the decaying
magnetic field having a field direction substantially orthogonal to the initial direction of
magnetization of the hard biased magnetoresistive element.
34. The method of claim 29, wherein the setting step further comprises the
following steps, in order:

removing the magnetic field from each air gap, followed by the additional step
of removing each head slider assembly from each air gap.
35. The method of claim 30, wherein the setting step further comprises the
following steps, in order:

removing the magnetic field from each air gap, followed by the additional step

of removing each suspension assembly from each air gap.
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36. The method of claim 31, wherein the setting step further includes, after
inducing the magnetic field, the following steps:

removing the magnetic field from the air gap; and

moving the head slider assembly to remove the magnetoresistive element from
the air gap.
37. The method of claim 31, wherein the magnetic field has a first orientation with
respect to an initial direction of magnetization of the hard biased magnetoresistive
clement, the method further including the step of degaussing the head slider assembly
by applying a decaying magnetic field to the assembly, the decaying magnetic field
having a field direction substantially orthogonal to the initial direction of magnetization

of the hard biased magnetoresistive element.
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MAGNETIC REINITIALIZATION OF THIN FILM
: MAGNETORESISTIVE REPRODUCING
HEADS AT THE SUSPENSION LEVEL OF MEDIA DRIVE
MANUFACTURING

ABSTRACT

The magnetic states of MR reproducing heads are reinitialized during media
drive manufacturing by applying initializing magnetic fields to the transducers
after they have been manufactured and incorporated into media drive assem-
blies. '

Figure 4
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