: A567e3e g " a|dpdl g6gTgj 1 ~ MAR 2003 METHOD OF MANUFACTURI NG MAGNETI C HEAD
SLI DER AND METHOD OF FI XI NG ROW BARS BACKGROUND OF THE | NVENTI ON 4. 4 FMER D003
of the Invention The present invention relates to a method of nanuf acturl ng
a magnetic head slider including a thin fil mnmagnetic head device for

recordi ng or reproducing information on/froma recording nediumsuch as a
hard*di sk, and a nmethod of fixing row bars in order to proﬂmmmmmmwmmpetl c
head sllder, or the like. 2. Description of the Related Ar

recordi ng apparatus such as a hard di sk drive, a thin film maghisc head
device for recording or reproducing magnetic information is nounted on a

recor di ng Met G Of mANIEREFRAR Byl sTidFEAND VSO The
fol | ow ng IXING ROW BARS0sed i n Japanese Unexam ned Patent Application

Publicati on No. Hei 10-228617, for exanple. First, many thin filmmagnetic
head devices are fornmed by thin film process on a wafer nmade of a ceramc

mat eri al , BACKGCROURDEOF SHESIRVERMION, the wafer is cut into a plurality of
row bars, each of which includes at (east one magnetic head slider, by

using a dicing saw or the like. The surface of each of the plurality of row
bars thus Pkici 6¥8Fe fHventil | shed, 1 4 MAR 2003 -2 and then slider rails
each having a predeterm ned shape are formed by etching process using
photolithography, or the Iike. Each row bar in which the slider rails are

formed i's ynardrént Wénuontrenaﬁ.@R@@%&nmmsh&aa@ﬁﬂb §Ima§%ﬁc hJébes@H der rails
are formed by processing in a state where the plurality row bars are

bonded andnglydingia thin H'"bf"@ﬁ@?t@r'}ﬁaﬁé’ﬁv'%ﬁ?J’dPPO'Q\GBé?H%R@dUQW!Q inforgation abl e to

@:use the hHRAPE rediling 'hﬁstdﬂmﬁ§udmé§/a aardoamsléahea in@tH&HQﬁrfxﬁ'n@ b Pare the cost
of manufacturing the magneti c head ider. For this purpose, it 1s

necessary i 8rdgf mes\sme @agnﬂyﬁﬁ'egﬁalsqeraﬁréhﬂ"@m bei ng damaged at the tine
of the processing (such as etching process) of the slider rails. In sone
cases, at the time of processi ng the slider rails, atons of the surface of
the suppork Desgsiptiompidhe Refated Aitn associ ation with the etching process or
the like and are adhered to a surface to be processed or side faces of a

row bar. It is known that such adhesion causes a trouble in a hard disk
drive. |t '» @ mpaanelic sroording: pprafatis sichag @ herd diskidivenaithin film agpeticadher ed to

the row baesd device for recording or reproducing magnetic information is mounted on a
magnetic head slider disposed so as to face a recording surface of a recording
medium.

The magnetic head slider is manufactured through the following steps as proposed
in Japanese Unexamined Patent Application Publication No. Hei 10-228617, for

. example.

First, many thin film magnetic head devices are formed by thin film process on a
wafer made of a ceramic material, for example. Subsequently, the wafer is cut into
a plurality of row bars, each of which includes at least one magnetic head slider, by
using a dicing saw or the like. The surface of each of the plurality of row bars thus
obtained are polished,
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Japanese Unexam ned Patent Application Publication No. Hei 11-110727

di scl oses a nethod of placing row bars with their surfaces oppositﬁlmtéﬁﬁ
surfaces to be processed onto a support substrate, form ng a pol yiMh f 3n
so as to cover the surface of the support substrate and the whol e row bars,
and renoving only the polyimde filmcovering the surface to be processed
of each of the row bars. According to the nmethod, the surface of the
support substrate is covered with the polyimde film so that the support
substrate can be prevented from bei ng damaged at the tine of 1 4 MAR 200
-3 processing the row bars. Since the atons of the surface of the support

substrat e 4 Rén Shdel Sailst B@clﬁ‘]ﬁ%%g{;p?@det@%ﬁﬁ&p sh8pé heesrhRe YO be

processed or side faces of each row In the nmethod disclosed in

Japanese QM t | Gt [ L Of3 . 1;0% wever,
since it :éga%&e?hE?gcae:gsy‘?%%gﬁﬁgﬁotqﬁ%g% ) e‘%lg?%b?fglr{rét\il\?elat%%% po 3?% gg film
covering the f .
pol yi m de WrichiPeaaist e e ERPE T RirshRE Ot Bt BpardteliRhlnhic bakd, o1 o
such that, ,due to the residual polyimde film it is difficult to
accurat el ¥18FSn the slider rail by processing. In Japanese Unexanined
Pat ent Applicati Publ i catjon Nos. i 11-96531 and Hei K 10-302237, a
met hod of coveri ﬁ‘g‘et ﬁécll"sruf?’é%é’sree%gﬁ Py PQressingr U @ SiatecWheER db€ed of a
row bar with a polyimde filmor the like in order to prevent adhesion of a
foreign mi’El‘Eléﬂfllffb’oO{H@Wr bargp #re i korgesh andqfixed dor ai predetrron@ede B WRROILS| nce
atons sputtered fromthe surface of the support substrate which occur in
et chi ng psuobewater fhds|ddsarahle tdmewnssl the swppqutl substvatef ab mmamy @enovi ng
Qe polyim de filmafter conpletion of the processing, the atons can be

si ly repossible Theordablto catduoe she hasé \drmadofadnroigs the swagneatit heddof
preventing the support substrate itself from being damaged. The applicant
of the prehdst. i Fyethisopuipase pitososessare th pdevdntbthed swgp@n dsubiskiatg t he
surface opposite to the surface to be processed of each of a plurality of

row bars igm beuRPdandpedsdt giectint bRtIA hiteBdinig@ushiak agelinigtpRResd)oCcessed
of the row bars to a predeterm ned reference plane in Japanese Unexam ned

Pat ent Appftkatiiger FMN.i OBf édie Nﬁsedﬂ%it the time d@o@%&étﬁésﬁ&@ﬁ?ﬁls,

According to the fixing nmethod, the plurality of row bars can be held in a

state whel, O%,Qedfr tHRUEHAGES of TP SUPREEE8BELAEE PRATr BELs0Mid o wWith,
predeterm ned reference plane, so that inproved processing accuracy is
achi eved. b jof ' bXd r ow
Dar's: s s Son ELGHAT hbedes EORICIRS Sy A o L P BB The

adhesi ve i BI0F{ol b HASHAP! RELTI Vh SXAUE AR ISy SHMPRY ShTHE

| NVENTI ON"The present i nventi een achreved 1n consideration of the

ot act uth g S GRSl PrerBf SR M ARG p TR alen i i cn

can realize ia*gr oe\éfgl roces i;\ accuracy at | ow manufacturing costs and can
event aBfBABATESE L REHX BATFratter to the magnetic head slider, and to
ovi de a net hod,of nanu

cturi.ng.a netjc .head slider) a hoq, af
fixing row bars W%Seuiﬁ’r?@‘agb‘é‘ﬁfl, P\%?‘&% %‘hh‘f‘?gk‘g‘ %Qﬁ?o %1 xi ng
row bars set_in shaort time. A nethod, of f.ixing pluraljty of row bars to a
reusabl e éﬂ@&&@ﬁnﬁhﬁé’&o%épﬁoﬂe%&b@ﬂ P&E‘Eﬁgd}”%ab@)r% W@d‘n h%’ﬁ\? ri ses:
a protective filmformng step of formng a protective filmfor protecting
a suppor t oppedite td theasurfaess it b priecessed ongm astupineat substgatntfprmingiaf ace of
t he support nenber; an adhesive applying step of applying an adhesive on
t he surf apelyimidédilpr st asttiovever [the surdace b thie syppoepsabstbatedand tied
fixing the row bars to the support nenber with making a surface opposite to

t he surf aethdortwe arecand edmuivirgohlythé pelymidel filny cofering/tharsirfaaee i nt o
contact with the adhesive. fn the nethod of fixing row bars according to

t he inventd @, pPocessed of each of the row bars. According to the method, the

surface of the support substrate is covered with the polyimide film, so that

the support substrate can be prevented from being damaged at the time of



,~ 4 MAR 2003 -5 protective filmis fornmed on at | east one entire surface
of the support nenber, an adhesive is applied on the surface of Hpq MAR ?[103
protective film and a surface opposite to the surface to be processed o
each of row bars is attached to the adhesive. The surface to which the row
bar is fixed of the support nenber is covered with the protective film and
is protected from damage during processing of the row bar. It is desirable
that the protective filmis formed by _é(_)nducting a heat treatnent on a
pol yi m de precursor at predeterm ned té&€nperature. Further, the tenperature
of the heat treatnent conducted on the polyimde precursor lies, desirably,
in a rang C. fara t tsher ises a
curing ag?ﬁ{)getrslg%x?ﬁo? }3%71110 gvggog'? Sé'p %ﬁfc? oérHr?i Eg&ﬁs C‘Eﬁh%&"g’ggﬁ% Lb;fi tllill%”l %%ni ng a
curing agent whichy pr et the ad L V.Ey urface of the
protecti vguﬁ’ﬁrﬁ‘fe rl%lé)t Iﬁéﬁbﬁﬁg‘?’pﬁ% gg(pﬁ%earfa i ?(?tn ? giﬁér’ﬁye?gtés)? }é%hsgﬁgactehgo §8hesi ve
appl yi ng step. Anot he t hod of fixing row bars according to the invention
conpr i sesPr%‘P%ﬁ?&Hﬁs eﬁ‘t%e P?ﬁ?‘f}bFWr%gstep of formng a curing agent film
containing a curing agent for ptonoting.setting of e adhesiv on at
| east one of surk%cégeofm?ﬂ’é’dséﬁggf’e h’ber‘]aQﬁ%SE’ﬁ'le Rexagmined %a@l”ép of
appl yi ng an adhesive on the surface of the curing agent filmand a _bonding
step of béwailicgtignd Pubkicationhdor ol -b2P'627.0 howevetippaice Hebbdechmicalliaki ng a
surface opposite to the surface to be processed of each of the plurality of
row bars diffieuitntaocaopledely wimdvet the pelyawide filrcavheingnidtensurfaes bobe of
fixing row bars according to the invention, a curing agent filmis forned
on at | eaprodeseedfiofseuchaces lodr, thart bfd4hdApoRAmMide Silapeardinsssbehe an
hesive Is applied on the surface of the curing agent film and a surface
posite tarfhbe t6 befprotedsedbelpenises eprobleagithothdthdueaw thanesidualt t ached
to the adhesive. Since the adhesive and the curing agent filmcone into
contact WoblyiRAGE fnNSH is difABuLE €6ldbsBthtely Bekn fHesladiesiVBy posdigidgned by
the action of the curing agent. Preferably, in the bonding Step, in a state

where the surfacg J9phRedd DRER8RANOE FBAEAL AppliatibAVPHBhSatich Nbsl g Wi th a

predeterm ned reference plane, the surface Opposite to the surface to be

pr OCessedﬂf%%élow HE £03B228% 0a ey ofw&&)arg{}g»_cﬁg@ﬁf-%%gs eggegstgfggb' Yy,

t he curi ng agent m contal ns an aci d nor dant urther, esive

e epRDL Yo 6y BAGRELNBNG AUIED LR e oD YOl ERANERBL i 0Gn2

magneti c der a e 1nve rises: ‘a devicé formng
step of formng thin fi netic evi t.ermn
subbt  at coRas fh PRyt RATEE B BRI 2o ol BURIEOREE Y ow
bars each,i ncl.udi t |east ,one magnetic _head slider .in whi.ch t thin
il m magneeferdiag 4. iethods shesdethms sPuEfTed FPRHthS SRk PEpbs
formng a protective filmfor protecting a support .mepber, on,.at |l.east one
ent i 1 6° s P RBRRF E b Hats el et I B ArOHEAR i LEg e SCTBBI g ng
step of applying an hesi ve on the surface of the protective filma
ndi ng sg%PBWI%%?&@’Z%Y$qm&Y1H§ theepelgTming éﬁ%a?tﬁé cempigtion AHBer wi th
king a surface opﬁosite to the surface to beﬁﬁéocessed of each of the
pl ur al i t ypudcepsinghihe atoms qam be easilcremevad. t Heheamblicationspheweset.ng st ep
of perfornm ng predeterm ned processing on the plurality of row bars fixed
to the sugporat diseloge avirethgd3of prevemting the supposbmabstrate dpselfidcbm

separating step of cutting each of the row bars on which the predeterm ned
pr ocessi nbeingsddmegedgerformed in the

The applicant of the present invention has proposed a method of
bonding and fixing the surface opposite to the surface to be processed of
each of a plurality of row bars to a support substrate while aligning the
surfaces to be processed of the row bars to a predetermined reference plane

in Japanese Unexamined Patent Application Publication No. Hei



processing step into magnetic head sliders. In the nethod of manuf acturing
a magnetic head slider according to the invention, the wafer c‘JdeBRogﬁa
plurality of row bars each including at | east one magnetic head 5
protective filmis fornmed on at | east one of surfaces of the predeterm ned
support nenber, an adhesive is applied on the surface of the protective
film and a surface opposite to the surface to be processed of each of the
plurality of row bars is fixed to the adhesive. Each of the plurality of
row bars fixed to the support nenber i;s subjected to predeterm ned
processing and is cut into nagnetic head sliders. The surface to which the
row bar is fixed of the support nenber is covered with the protective film
and is pr011@282969]‘Amvrdiagmgtbeaiwnghmtbd»dmha)blumnyaﬂse\ivrbgra)éartlbeheld\m bars. A
met hod of n cturi n ic head slider.acco t he invention
conpri ses: mat {er‘(afheéfs el rfﬁfje%o RIPCeSSPARIFPISTHOReS W I'tﬁipr?gﬁfﬁg?tﬁﬂn'ﬁ%‘ad devi ces
Oln a Ioreda’éfyréﬁd&qdama,llsstthatumpaavedltptad@gsnsg eﬁcwécycwtatchi@ged mthﬁu@zttni@tg into a
plurality .rqQw bars ea ast _one magnet i ead, slider in
Bhich t ho desie 10 BFCabAdieske fonfiricp saw T8 of RgT 8° Boseiie Tageiva 1 m

f orm ng stf&mgohefmanh maethod: of settingtenadHesivenic GRbrItiIrenBasin6tubéergfullgent f or
pronoting settin f the adhesive, on at | east one of surfaces of a
predeterm‘ﬁ‘éﬂ“’?ggﬁ rt menber an adhesive applying step of applying the
adhesive on the surface of the curing agent filma bonding step of bonding
and fixing_the upport nenber 1 ~ MAR 2003 s with nmaking
a surfaceg%ﬂﬁﬁ eoggthbg’gthqge to be processed of each of the plurality
of row bars cone into contact with the adhesive; a processi ng step of

erform ng predetern ned processi on the pluralijt r Ow bars fixed to
’he support me @Pﬂrﬁepﬂ@eﬂdﬁﬂ ﬁ@gg?'éﬁcm%‘ﬁd '%C%’ésﬁf%r'é{"i"rfﬁ thg @rgdl§Mse yt t i ng
each of theisr#wobiaétsoftHbjiehtish {ooprolige I eeiordfi maehfwtmgss infgniefic t he

of manufacturing

processing step. intq ma head sliders

a magnet i '*AES %‘Iaf‘g@r %EB‘E)P&W{E’ Y WWe‘?ﬁnlrS%"zet"WB"\XﬁT' ErocesSRAt into a
E I ur ﬁl ity &Eurb@%hh&ﬁv&nﬁ&ﬁhttﬁrmglddfdisr@dadanl résEnt atResigrgoied ;&elgﬁmﬂ%!; i der. f
urther, a curin mis, formed on east one of the surfaces of a
support sdddt& 'af'&"e%'gﬁ‘sa%h °s°f3‘6€? Fé'deafé?lé pﬁ@aggﬁtg%g Bfmqgﬁ’E{'?: uring
agent fil rﬁeadl‘sddérha rﬁ&thécaOEﬁxh}ig)ﬁM bearstand Aeudny bgard, whicheaprmaiesaed of each
of the pIu %‘%’J h . oW @ S its f'bxlgﬂ to the adhesive. Each of the
plurality e?' Op fixing FqW biars $81IP SROITIMS Lt nember is subjected to

predet erm ned processi ng and is cut into magnetic head sI i ders. Since the
adhesi ve conmes into..c urin r83ent tine required

to set the adheé U‘(?"P 8??99?1‘ urﬁ@ytcﬁewﬁ’c °dt r?%@ u‘?re geayisd . o her
and furt hesuppd} eehther fagedrdingstoathe imantion ageprisds: teh pratevtiea tfim rformihg appear

oescr pri e g s RELE R bR supech ol BLF el e
confi gur atstepn oofat deashgne entire seHdces bf ther suppord migmigert en adhesivodpplyng of t he

;’ﬁgéi 8? tep ofV\ngmg adrgblbe%ﬂ/eodn {ﬁ%négrfggé f 'tlﬂ—:gpl%témggﬁ“ an%eggoﬁdu"lder

step of bonding and fixing the row bars to the support member with making a
surface opposite to the surface to be processed of each of the plurality of row bars

come into contact with the adhesive.

In the method of fixing row bars according to the invention, a



fixing row bars, and a curing agent are applied. Fig. 2 is an expl oded
perspective view show ng the configuration of a thin fil mnmagnetic head
devi-ce mounted on the magnetic head slider illustrated in Fig. 3‘ F"ugﬁ ﬁwis
a sectional view of the structure of the thin filmmagnetic hea éh 3
Fig. | taken along the line Ill-111 of Fig. 1. Fig. 4 is a perspective view
showi ng the configuration of a support nenber used in the nethod of

manuf acturi ng a magneti c head sli der Q%gording to the enbodi mrent of the

i nvention and the nethod of fixing row"bars. Fig. 5 is a diagramshow ng a
schematic configuration of an aligner used in the nethod of manufacturing a

magnet i c %g&&.cﬁbbdﬁrma%@éﬁh@& 3P dthRa8ERRA! BRALe Qurifte bf‘\tﬁatéxﬁb&@d the

met hod of "fiXing row bars. Fig. 6 Is a flowhart of the method
e 2ot U, THAREL U 05 PSRN DBUIpH e RID Rl g1 e
cut ti ng. ABTARP coprcstts” BY o SrREER ot eP Tl BF sBEh ol aRwok®Fa i, 6.
oot el and o drEURSR o les Be BR TR P AR, b
I n the manufacturing nethod shown in Fig. 6. )
support member is covered with the protective film and is protected from
damage during processing of the row bar.

It is desirable that the protective film is formed by conducting a

. heat treatment on a polyimide precursor at predetermined temperature.
Further, the temperature of the heat treatment conducted on the polyimide
precursor lies, desirably, in a range form 100 °C to 150 °C.

Preferably, the method further comprises a curing agent film
forming step of forming a curing agent film containing a curing agent
which promotes setting of the adhesive, on the surface of the protective film,
between the protective film forming step and the adhesive applying step.

Another method of fixing row bars according to the invention

‘ comprises: a curing agent film forming step of forming a curing agent film
containing a curing agent for promoting setting of the adhesive, on at least
one of surfaces of the support member; an adhesive applying step of
applying an adhesive on the surface of the curing agent film; and a bonding
step of bonding and fixing the row bars to the support member with
making a surface opposite to the surface to be processed of each of the
plurality of row bars come into contact with the adhesive.

In the another method of fixing row bars according to the

invention, a curing agent film is formed on at least one of surfaces of the



Fig. 9 is a flowhart of a process of aligning row bars in the

manuf acturing nmethod shown in Fig. 6. Fig. 10 is a perspective

a state i
al i gni ng
nmet hod of
illustrat

n which the row bars are placed on a palette in the pr

S
bR

row bars shown in Fig. 9. Fig. 11 is a perspective view show ng a

observing a row bar in the process of aligning row bars
ed in Fig. 9. Figs. 12A and 12B are illustrations of an exa

i mages obt ai ned by the nethod of obser_éi_ ng the row bars shown in Fig

Figs. 13A to 13C are sectional views i

respective steps for describ

npl e of
. 10.

ing a

met hod of transferring row bars in the row bar aligning process shown in

o1 Pitor” ¢ PRt RETRATRERRHAE 1L ARRAL oHNE ARSI MftinQneeBt T
R A T T SRR A T S P

PREFERRED, EMBCDI VE <Con{1i ation % magnet i head s]i.der> First,
e pée Bre adfe

per specti
t he manuf

ref erri ngPe®s i gktached go !

esiViey ¢ gveand theaereng agent

mng a
a

by
o whi ch

a nmet hod of processing a magnetic head sljder according to an enbodi nent of
t he i nvenfil@ncame apin caagh Withheageatharpime requizedimsebtlee adhesivg is1 shows

a magneti

c head slider 2 to which the nethod of
shortened by the action of the curing agent.

Preferably, in the bonding step, in a state where the surface to be
processed of each of the row bars is in line with a predetermined reference
plane, the surface opposite to the surface to be processed is allowed to come
into contact with the adhesive. Preferably, the curing agent film contains
an acid mordant dye. Further, the adhesive is, preferably, a cyanoacrylate
adhesive.

A method of manufacturing a magnetic head slider according to
the invention comprises: a device forming step of forming thin film
magnetic head devices on a predetermined substrate; a cutting step of
cutting the substrate into a plurality of row bars each including at least
one magnetic head slider in which the thin film magnetic head device is
formed; a protective film forming step of forming a protective film for
protecting a support member, on at least one entire surface of the
predetermined support member; an adhesive applying step of applying an
adhesive on the surface of the protective film; a bonding step of bonding
and fixing the row bars to the support member with making a surface
opposite to the surface to be processed of each of the plurality of row bars
come Into contact with the adhesive; a processing step of performing

predetermined processing on the plurality of row bars fixed to the support



processing head slider according to the enbodi nent is applied. The nagnetic
head slider 2 is nounted at an end of an actuator arm 3 provided in a hard
di sk drive (not shown). The actuator arm 3 swi ngs by the driving4 f/{)rwAaR v, 111K ]
voice coil nmotor (not shown), for exanple. By the swing, the magnetic head
slider 2 noves in a direction x of crossing track lines along a recording
surface of a magnetic recording medi umsuch as a hard disk (not shown). The
magnetic head slider 2 is a block of a.substantially hexahedral shape and

i s disposed so that one of the surfaceg of the hexahedron (the upper face
in Fig. 1) closely faces the recording surface of a recording nmedium A

slider ra'nkexﬁﬁepqwtm BehBhBoibpUah@ %p%?@ﬁfg 2plofPhdting s§eln %fftﬁﬁrmd In

the surface faci ng the recordi ng surface the recording medium T

surface of_t r A
When t he Irgvcyg} i }ggler! é?a(iesceﬁgaé %Pgd&vegéeﬂr}gr %% %éé%eﬁé\/\ig{élﬁﬁ?%é I%gzéﬁor d| ng
surface of the recordl rg‘? medi um a,df)%)eda” bearing surface 2e allows the
magnet i ¢ RESEESEINEEED %r%qubeﬁ{cla}gp &8 as to be apart fromthe
recordi ng surfac the direction Thus, a const arance gan be
created between frhéﬁa.me%@ér@iﬁ@ DHACTBENECA ARRERFE seéﬁbjh%ﬁg AEeRdIRE A ¢ hin
filmmagnetic head device 1 is provided on one end face (the left frontward
face in Fitgthajnyrivion thervales is FHblré@rﬁrﬁ}Wtaéltywérawbqféeﬁa@hgngmdlage 2e of
t he magnetic head slider 2. Fi 2 is an expl oded view of the structure of
the thin fatllmstafgl%m&gnﬁémh@égﬁbdell Aipgotegtive falmnpdermed tonoat ddasthe thin
filmmagnetic 1 4 MAR 2003 -12 head device 1, taken along the |ine
I11-111 obnEigf sbrfathe athithe f}bﬂedetﬂxgliaedcshmm:t‘tdmeimleeﬂ dmasadhesive dgr al
Qr ucture of a reproducing head |a for reproduci ng magnetic information
corded applibé aretlr durfgceedithenpratbctiveeftlm dand shearfadd oppositetonttieng
magnetic information onto the recording nmedium As shown in Figs. 2 and 3,
for exanpk@rfakéeoappestiessét oheach lof thaplarslityuef sw wapisi fkét téRhe
insulating layer 11, a bottomshield |ayer 12, a bottom shield gap |ayer

13, a top,ahbsive. QE&CBQM'Qhe%[ﬂu?dl@tyaoﬂl%ﬂr BhiElifled 8 €he AappbicRcIRrShacked
inthis order on the wafer 2d of the slider 2. For instance, the insulating

layer 11 Lgpictddl fcppﬂeﬁefémﬁmtdm&%&es%ﬁgam s SulBAe) ffaghetithdadl éamé”i@) and

the bottom shield layer 12 is ~.min thickness and is made of a

bot 1 om ShigFd'™ 52%"6@5‘3?%“%%5"‘? ?39553" ’*seLdf"iﬁ e pnoae el ey ls oFRII0. LI,
10, 7m0 468, VRl B dLASPRR2Rg 5 HRAECR HAFmafhadl el YUMot

nitride). ROT ‘exa ayer
t hi ckness_and i.s netic material such as NiFe. The top shield

| ayer 15 Bf%cgsf%gﬁﬂglﬁgogsb%mgottom poI e of the recording head | b. An MR

(magnet oresi stive) ur.i ed between t.he om shi ap | ayer

157900 the top. B BRHIGEAT AFahPrRTiREca NRAEREHE Head SHOSh RoanEaHas tor or

reading information witten on a recordin rredluma i s di spposed.on the
e of t MBS GWeBBaR (GTSTITRLe eI ORRIBECAAR dlc rRiRd Hanﬁ film

which is an AMR (&\ sqtropic magrhetoresl sti v%) filmor a GWR ( nt
magnet or egiagnedis) head deviges ApRa pre jtrate; a cutting step o

cutting the substrate into a plurality of row bars each including at least
one magnetic head slider in which the thin film magnetic head device is
formed; a curing agent film forming step of forming a curing agent film
containing a curing agent for promoting setting of the adhesive, on at least
one of surfaces of a predetermined support member; an adhesive applying
step of applying the adhesive on the surface of the curing agent film; a

bonding step of bonding and fixing the row bars to the support member



filmhas a single-layer structure including a magnetic |ayer made of N Fe
or the like. The GWR filmhas a nultilayered structure including not only a
soft magnetic |ayer but also a ferronmagnetic | ayer nade of Co [ MAR 2003
(iron-cobalt alloy) or the like, and a nonmagnetic netal |ayer nade of Cu
(copper) or the like. As shown in Fig. 2) magnetic domain control filns 30a
and- 30b nade of, for exanple) a hard magnetic material are fornmed on both
sides of the MRfilm20 in the direction of a track width (x direction in
the drawi ng). The magnetic domain congrol filnms 30a and 30b are used to
suppress occurrence of Barkhausen noise by applying a bias magnetic field
in a fixed direction to the MRfilm20. A pair of lead |ayers 33a and 33b
di sposed swithamakingfacurfecec prresieto dheesuifare toRbg iprapeserd of eaeh df thect i on of
the track r j SHANP &6 t . ' 20 The: | ead

| ayers 33 égﬁ}pﬁﬁgvav?%ﬁ%g@%gb{oy? or emetﬂg,éathgér}?%:\éjﬂ%?gﬁ'ggﬁt -Ef gfr med

bet ween t trerfoobing npredetednmineshprdcassing b8 thadplurally t fprovhbaisdfixgaptd theer 14. The

| ead | ayer : (YR [ b ' t ir bearing
surface 23%852%?5]%@%5?2&@;%2%9 scgh%g%tge%%g%hgé}ts%ﬁf&t%g?ﬁ?r?%f:é%g ¢ and 33d
whi ch ar e rbwrbaesl subjecteg te diet pradetesdingdtnresessioa in ke pomeessingistbpgiate | ayer 14,
t hrough an_opepj shown) fornmed in the top shield gap | ayer 14. As
shown in ﬁ%g?'egéﬂ%o(eg@é@)rdi ng head 1b has, for exanple, a wite gap | ayer
41 of 0.1 ~. m t dn theomethodt dfi rocanuidntwringi & meagnétivshezal sidgr Acdondingude thef Al z~s or
the like on the t jeld layer 1 e ' ap. lLa as _an opening
41a at thé"vﬁgﬁﬂ'itgg @%’rg'reliess f)%tn%{fl?ona @gaﬁt&eof‘é\@'rv]\% g?goga%‘aﬁﬁrugﬁ’%t%i Eea | mcoils
43 and 45 dne.nEgndtic beadoslidet. aff wther, Bhaurinpiagefti flmig fortned dntaléastore of 1 4 MAR
03 -14 thickne f ~ = IS \ 4 I, covering
e thin 1 RIEEEE ob's shppth SOstiae A HafkaRIOL SpBdn W Ghacs of e SOUFL
with a phauongsgestt filngyand the shidadenappasiteniodhe eurfaaefto be(precassed bf €adhum i n
bet ween. The thin.fi il .4 [ ' S o ~ mand a
phot or esi s?? ﬁ]eaé}%@m&é"f FB 6“? Béc%\}seﬁ)feﬁggltt eacﬁ?%ﬂb'fl ﬁoé(yl? plﬁ?"ﬁéﬁ%%ﬁ% on the
phot or esi dixed to/the slpporh mepberads eubjgctedita predaterhined pescessing aindus ¢t wm nmade
of a magnet,] 3¢ 1 NGk: 0l .at | J . {fy, such
25 N Fo oMpINEEE bk IRHST ISR DMe SELLR LA R Eirk o i nE B V. BT e
phot or esi sgehtdinor thedime retiuied tolget thé @dbesivepis|sborenddsby thecantiaof thei t h and
magnet i cal | ¥ %#Q‘ked to the top shield layer 15 through the opening 4la of
the wite gapgc yer 41, which is provided in correspondence with the center
of each of the Chther dnd furtber djects fgatiressand\advantagesneftthe Hiawantiomwii gs. 2 and
3) an over, i i Af 20 ~mto 30 ~m nmade of) for
exanpl e) E?%%"f@?@ﬁr@ﬁ* @%@?ﬂggdgg%ﬁﬁﬂm so as to cover the overall
surface. By the structure, the recording head | b generates a nmagnetic fl ux
between the top shield layer 15 serving as the bottom pole and the top pol e
47 by a current passing through the thin filmcoils 43 and 45 and
magneti zes the recordi ng nmedium by the magnetic flux generated near the
,i te gap | ayer 41, thereby recording information. The thin fil mmagnetic
ead device 1 having a such structure acts as follows. A current is passed
through the thin filmcoils 43 and 45 of the recording head | b, whereby the
magnetic flux for witing is generated and



information is recorded on the recording nedium A sense current is 14
MAR 2003 -15 passed through the MR film 20 of the reproducing head la and a
change in resistance caused by a signal magnetic field fron1thﬁ ﬁﬁ@%q@ﬁ?
medi umis detected, whereby information recorded on the recordiﬁg [ is
read out. <Configuration of support substrate> A support substrate 90 used
in a nethod of manufacturing the magnetic head slider 2 according to the
enbodi ment will now be described by reéerring to Fig. 4. The support
substrate 90 is used to support row bafs 5 (Fig. 5) which are |ong nenbers
each conprising a plurality of magnetic head sliders 2 when the slider

rails 2 aﬁ?g@ﬁﬁ%ﬁlﬁﬁmwpﬁﬁ@ Bg@}%g&ﬁrs 2 by processing. The

support su I's"a ceram ¢ substr aving a wafer shape. A
plurality of ro bari]S are fixggéonto t he surfacgEof tPe support .substrate
50. A protectivelts | h Soc RPSBFGIRCITIRY CREWALE f Hie GRDEHEEHR6f &
substrate 90 is, forned on the surface of th upport .sybstrate.90. A curing
agent fil H%azg@ft?oﬁ‘f?gﬁnﬂﬁ@eraa%ﬂrgh@g dgefR m%eal’gg%ﬁ'rﬂe@’esé‘?‘f‘?rfﬂo%f tan
adhesi ve 202 to be described later .is forned on_the surface of the
pr ot ect | v&/hich @ oethod,pt H’éﬁ‘{l“‘gﬁt‘%l}%egc%rmﬁgn%%ﬂteafii shderpia mehafyeési ve
202 made of al kyl -a-cyanoacrylate for bonding the row bars 5 is applied in
a predet efisingerpwdarsrand Feargeoagentiare nplied200 is forned by applying a
solution of a polyimde precursor such as polyan de acid on the entire
surface of the skigp8ris asudrgilpded pofspeytive ivigw shepiing thatcenfignthtcamdfict i ng a
heat treatnment on the solution. In this case, the polyimde precursor such
as pol yana dédiacfilin bmagmesic cleql dieeiceomoumted at thbauhgRétic Geddnslidler 1 ~

R 2003 -16 enbodi ment, the heat treatnment is conducted at tenperature

wer t hajidbeatediacliati are at which the polyim de precursor becones
conplete polyimde that is, tenperature |ower than 250 C). On the other

hand, in order tmgo0BdidsdBtionl St LERAE RtMbtale bEtNCARRSATY Maghetic
protective film tenperature of the heat treatnment for the polyrmde

precur sorp hassh AvRen 18Q. € takeRladiEE thdMhe IPI-Ef1ggralky:. the tenperature of
the heat treatnent for the polyimde precursor lieS in a range from 100 C
to 150 C. The prgptegt.ive. fi i j eat nent
on the. pol yi mi ad B St FoBrepRbRl xEt 3hBRS R WBRNEL Mo BF o WiinckE 2
range i s used for f ow eas . (thin t er at uf.q range,
setting o’fle{lﬁbeerpblfé/ﬁiﬁlndgh%rl)eﬁ%ﬂ?%d(’)r&i %g%rugé?tg\é\{sﬁe% % égg%eetgreeeagt S\/\Iﬁ%h t he
pol yi m de_ precursor.,does. net dissol,ve.in _al cohol .or acetagn Consequent |y,
Phe” br ot CREPEEng P55 POdmne SECinErtioy 60 Re b ERe T fE IR
phot ol i t hogr aphi ¢ processes. 2. Si:nce the polyimde precursor has not
become coffffi®ete polyinmide in the tenperature range, it dissolves in NWP and

is easily renoved. .a specific exanple of the palyi m.de precursgor,

Seni cof i neTM m(}ggbﬁdﬁaﬁ’/ Rehary isi‘é’,‘rIRPﬁc? E‘g??%gtlﬁs‘é’d‘.ﬁdgluﬁapﬁi“so &, since

the tenperature at which the precursor becones conplete polyimde . is 300 C,

Qheat { rdsgnamused Wbridacmathad ?érﬁs@va At urigi &h magnedifetieadasliden C and
which the mini mumstrength can be obtained. Mre preferabl e heat

t r eat mentaacerdiagdodhe gmbodispendefiiliecinvemsion and the nypfhod of; figinggeaw i1 m
201 is used to pronote setting of the adhesive 202 by supplying anions to
t he adheshars. 202 made of
Fig. 6 is a flowchart of the method of manufacturing the magnetic
head slider according to the embodiment of the invention.
Figs. TA and 7B are perspective views for describing a step of
forming the thin film magnetic head devices on a wafer and a step of

cutting the wafer into blocks in the manufacturing method shown in Fig. 6,

respectively.



,~ ~ MAR 2003 [Formul a 1~ cyanoacryl ate and contains a curing agent made of
an acid nordant dye (also called a chrone dye). At the tinme of formng the
curing agent film 201, a solution containing the acid nordant dyq gqqAR 2003
pol yester resin is coated on the protective film 200 of the support
substrate 90 by using a spin coater and then a heat treatnent is conducted
at, for exanple, 50 Cto 150 C. The adhesive 202 is coated on the curing
agent film 201 in a predeterm ned patt{g{.n by a di spenser 94 which will be
described later. The curing agent film201 is made of an ani on such as a
chrome conpl ex and a cation such as K (potassiun) as shown in the foll ow ng

Formula 1. SO3CHBig&N8R-~to 8COzfd erdpdbtbl3GliBws 1ih Kbsp¥etivie stéperfopand, as

shown in the follow ng Forrmula 2, alkyl-a-cyanoacryl ate has a cyano group

having a ateé&mn%loeﬁt MABthodl 4f MARtEMD3 ankiS wélldiaaEi newl Obgsfs afl @heal koxy
car bonyl group. nsequently, the electron density around a carbon atom

coupl ed tﬁmﬁcwﬁﬂﬁﬁémﬁtsm‘%fﬁ{ F?éj. @ carbon atomin the a position) is

hi gh and the electro ensity around an adjacent carbon atom (what is

called 2 caroon Bom 8 1 BekingEbFe raldel B HIE HHE YR YD
bt ogr eeuruipplig Fopob AR &S “Cam (R < oo, C2te, o)
[Formula 3] Fig. 10 is a perspective view showing a state in which the row bars
are placed on a palette in the process of aligning row bars shown in Fig. 9.
. Fig. 11 is a perspective view showing a method of observing a row
bar in the process of aligning row bars illustrated in Fig. 9.
Figs. 12A and 12B are illustrations of an example of images
obtained by the method of observing the row bars shown in Fig. 10.
Figs. 13A to 13C are sectional views in respective steps for
describing a method of transferring row bars in the row bar aligning
process shown in Fig. 9.
Fig. 14 is a perspective view for describing a method of forming a
. slider rail in the manufacturing method shown in Fig. 5.

Fig. 15 is a perspective view of steps for describing a method of

cutting row bars in the manufacturing method shown in Fig. 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
<Configuration of magnetic head slider>
First, by referring to Figs. 1 to 3, the structure of a magnetic head
slider to which a method of processing a magnetic head slider according to

an embodiment of the invention is applied will be described.



14 VAR 2003 -19 CNA- + ~+CHz = Ca COOKCN --; A- CH2 - Ca COORCN + a
+CH2 = Ca COORCNCNCN---~A- CH2 - CCa+s +CH =Ca j, COOR COX
COOR CN ---~ A CH2 - C COOR n As shown in Fig. 4, therefore, whbd MAR 2003
adhesive 202 is coated on the curing agent film201 ) the polynerization
reaction of the adhesive 202 pronptly progresses by the anion supplied from
the-acid nordant dye in the curing agent film 201. That is, the adhesive
202 is set in very short time after it .jis coated on the curing agent film
201. In the enbodi nent, the protectiveuri | m 200 and the curing agent film
201 are formed on the support substrate 90 in advance. During a period

' th dhesi 2 |  t i bl | | 9 4
VAR 2003 -20 1 he' Slinba e 500 &gty Read laep, 295 hich, Phe Hhelild bf o ngea

Wil be aBSReERmy R SRR BBnl e SRRl G pBRHEET, EhdCiampi o
Co an examencst nesd PUATS 5 FR ot e P BEan oo tare ot ) RGVAGERE 11 1 m
adnes ve. Pba d6HodptndE ot ShaWBl-c She SAHEEI &M §f EREwPanthen. |
<Conf1 gur giiiv(i)r?g ?c];rc[e%\i'vab\?oricg |c<i)i rx]nnt?tr(])'i' >(not shown), for example. By the swing,
the magnetic head slider 2 moves in a direction x of crossing track lines
along a recording surface of a magnetic recording medium such as a hard
. disk (not shown).
The magnetic head slider 2 is a block of a substantially hexahedral
shape and is disposed so that one of the surfaces of the hexahedron (the
upper face in Fig. 1) closely faces the recording surface of a recording
medium. A slider rail 2a having an almost U-letter shape in a plan view
is formed in the surface facing the recording surface of the recording
medium. The surface of the slider rail 2a is called an air bearing surface
(ABS) 2. When the recording medium rotates, airflow generated between
' the recording surface of the recording medium and the air bearing surface
2e allows the magnetic head slider 2 to slightly move so as to be apart from
the recording surface in the direction y. Thus, a constant clearance can be
created between the air bearing surface 2e and the recording medium.
A thin film magnetic head device 1 is provided on one end face (the
left frontward face in Fig. 1) having a ridge line common to the air bearing
surface 2e of the magnetic head slider 2.

Fig. 2 is an exploded view of the structure of the thin film

magnetic head device 1. Fig. 3 is a cross section of the thin film magnetic



Fig. 5 shows a basic configuration of a row bar aligner for use in the
nmet hod of manufacturing a magnetic head slider according to thebfnﬁgajﬂﬁat.
The. row bar aligner 6 is configured so as to align a plurality r S
5 in such a manner that their surfaces to be processed are inline with a
predeterm ned reference plane and so as to position the row bars 5 in a
pl ane parallel to the above-nentioned reference plane. As shown in Fig. 5,
the row bar aligner 6 perforns necessg %_morks while carrying the row bars
5in one direction in a horizontal plané (the direction fromthe |ower |eft
to the upper right in Fig. 5. In the follow ng description, the direction
in which tagqr QwyRars, Jakef SR €He | Bné NETMIPWIPAFi2l 1 9nerheMthin bR ef erred
to as a Y direction and the direction perpendicular to the Y direction in
the horiz ] f i, I : bar
ol gner o et AORA MlocOP Lok LRl ftPehdl SPutles of ' REb b EeinE Jodd
hori zont all I | . di. i a I Chl: .14 M-4R
200 -21 ¢ £ PSR rhfpetic s et BBl ¥ LAY rBLGAY HBaju
receiving and carryi,ng the r ars 5 ane by one,. whi.ch have been pi cked up
by the rofBn Batecordiith Rhad, il &% desusfisy (Haghrrie iGRARIR Gt dRe
plurality of row bars 5 carried by the carrier 70~ and the above-descri bed
support s gepor A R S MElI v B supporting the row bars 5 transferred fromthe
suction plate 80. Mechanisns for driving the robot 64, the carrier 70 and
the support subsfpathevwgoimdiger2\vad dntarexarepieoibe gepseducingrheas| lar C.
The palette 62 is a pl ate-shaped nenber having an area | arge enough to
pl ace a phedetsrucived commresingfar pwubating 3ayer. bl, a bottoyn slueldlaywers)2,
gereon. The robot 64 perforns a series of operations of grasping the row
rs 5 onathwteal shiedd @apolayebyl JHre tamdhpdldcgayy layer d1dvarndhmstdp shieldy one
onto the carrier 70. The robot 64 nay have any configuration as long as it
can per f oldpesurh wipiehasreostackéfeincetrisicder @nt thesvafbe Adoofmtlod shideerdyy bl ock
i ncluding a placenent surface 70a having an area | arge enough to place one

row bar S5Fopeh&@mce Athd MesulhtingClayeon 1N0lse3 uaed 19h@n tisickassedniinst he
pl acenment surface 70a in the longitudinal direction of the carrier 70.

These suchifn HCAEDAafum@vd) £6d tRe BoBioRe sﬁﬂﬂd %y &N IR NE 100 9 ik G t he

carrier 70. The pipe 70c has a valve 71 which is opened or closed by a

val ve dri vﬁi'aggé@sc BAR MR- of Aenf@etRl miQetifl GRBhHI HINGEeShigBelBoftck and

hold the row bar 5 by the placing surface 70a when the valve 71 is opened

and Lo St QoS BELRAIYS. | BYRAT g}ewiss&owesgxgagvg?g gilakgr PG (HOgpRar Tl er

70 can be no int verti ca rection mechani sm and

can be rotat ' rq t b at 4 ~ 4 . 0 -:22
mechani smg%gc.ij é?ﬁel%gaa?rll%?s?‘/‘g.} iegggﬁﬁ%eﬁoﬁ]&%eiwg}rflelgt ﬂ(‘)ln ygsa%ﬁg( 1%abl e
driving nechani 782 ang riven in.the\Y eirection by, Y tablg.driving
rechant srvaR. o8 of A1 JgRium i iteife)” okt o BRiglaC <.
to the robot to,a position.below the suction plate 80. The suctiqn plate
@ obier i Wl 304 Wi i dbirkressandinias & & psadiCriarial: b

s an area | arge.enoygh to hold, e.9., fifty, row bars 5.  The under face of
the sucti BACHRENIED B, Shospialaday s g o opfugcEong AR htHIg BY Sfet on
hol es (not shomn%gg;e formed in the under face of the suction plate 80. The
nunber of theeedor kgaddibt i on hol es corresponds to the nunber of the row
bars 5 to be sucked. The lines of suction holes are coupled to pipes 80a
i ndependent of ofve MRt feagnetoresistive) relenendh 1pi pe IBoRed sbetmagndddevi th a
val ve 81 which is opened or closed independently by a val ve nechani sm 81a.
Thus, sucbotsombghidlé gaptlaper HS emdctlme Hopt &hméé gap dayerf f14i n BecMRi ne.
Two slits 87a and 87b penetrating the suction plate 80 in the thickness
di r ect i onerhserftol ¢résl anneleneerstufiiri rradihgt mf@Anationr weittéw ombaearecordinguct i on
position of the row bar 5, and the like. The slits 87a and 87b are forned
at the pogiddi@msandid @xposed bg the 0t bf ehdaipbehfiagr awfhar 26 tDhoMRucked
by the suction plate 80 in the longitudinal direction of the row bar 5 (the

X directi gRinenthecshhdlad8d 2aan MR 7 HilAXt EMOwhesly ish drheARIR 9GRS trepicect i on
of the rowbars 5 (that is, the Y direction). Two caneras 35a and 35b are

di sposed ylohefoRERURES HHEH aSHRAE (3Ant R agnfidresistRB) BRI AMR



suction plate 80 so as to observe both ends in the |ongitudinal direction
of each row bar 5 (to be sucked by the suction plate 80) through the slits
87a- ,1 4 MAR 2003 -23 and 87b. The caneras 35a and 35b are ntjvedMAR 263
the slits 8?a and 87b by a canera driving nmechani sm 82. As described above,
the support substrate 90 is a ceram c substrate having, for exanple, a

waf er shape and the di spenser 94 is provided near the support substrate 90
in order to apply an adhesive to the syrface of the support substrate 90.
The di spenser 94 is configured so as t'® nove along the surface of the
support substrate 90 by a known di spenser noving apparatus 95 and to

di | i qui ' .0« ' : T Substrat
00" can bel VB A SRR Er Kb ipthall Babb Bn i o BRI R s
98. Th ..Sub [ bl e.bet th it bel th
Sucti on pYAFE® B8Sand KerBNHo G b A amH AT G HEUGOEE RO S SobORLY n
state where the support subsibrate 90 i s, noved to.a positio .bg#ow t he

[

suction pRabeftamagneliq,laysn pust alkay haleEromamiadigjaysre madei eh Grl e 80
can be transferred onto the support substrate 90. On _the transfer of the
row bars ron'n@b%hpﬁi&ys oF et kke.cand 4 sonmasactismptadl layepmade of Ganpl e, a
fewmllimters by the support substrate driving mechanism98 in order to
bri ng t he(caphes)i oretherlikee support substrate 90 into contact with the row
bars 5 held by the suction plate 80. The suction surface (under surface) of
t he suction pl atAs &howor iredhigns mhagwetipdonfdin @xarll £lmé 30achaded®e pl ane”
of the invention. <Method of manufacturing magnetic head slider> Fig. 6 is

a fl owchamfadefof} fr axeinield, afhardnubgaetic mgtepialagedbhfie@adbsthi ldes ofi 9s. 7A
Qd 7B and Figs. 8A to 8C axe perspective views of 1 4 MAR 200 -24

Spect i VgheSMEDSilIO020 G 6led divieBtloh b€ amradk skl (0 dirdetiBAAnheyawink).9- 6.
As shown in Fig. 7A, a nunber of thin hlmmgnetic head devices 1 are

formed onTRe Wala@heficOlorain (38srd1Ofifimk NS0L Sa NP HOLO hire Flede¥dMfpreéd 20s- Ti C
by using thin filmprocess or the like step S10). Thin filmprocess in step

S10 wi | I bl of BRXHEIEN rithdd by SHR1ANGES hiksTndane o Bl H oFhk

exanpl e, e 1 nsulating layer 1"1§ mad I nsul atrng materi al slu%% afsor
hi ol d | o3 PR hOSINEE 20, A SR ATERRalns I pBoR Bl el "
an A z0s 89 Pt B ehP 0P e R K 2ERD R hf vk Bop IR e WRRR G 1 s
L R T
and 1 hen AFepIOS: Baifer CHAPVLr ntA Ol P eng PEPREPN el BORE 1 | m
?Ltee;)ht)[] gs:}ggfdglgag tlg§é<re(lj3 falinltfndiles t(% %pl?e dbgdp fla?;erei(cﬁnp*‘ﬁé ltiaa?(? lgrél!si gga using

. and 33b extend in the direction opposite to the air bearing surface 2e and
are electrically connected to output terminals 33c and 33d which are
formed in a predetermined pattern on the top shield gap layer 14, through
an opening (not shown) formed in the top shield gap layer 14.

As shown in Fig. 3, the recording head 1b has, for example, a write
gap layer 41 of 0.1 pm to 0.5 um thick which is an insulating film made of
AlzOs or the like on the top shield layer 15. The write gap layér 41 has an
opening 41a at the position corresponding to the center of each of thin film

coils 43 and 45 to be described later. The thin film coil 43 having a



pattern as a mask, whereby the MR film 20 having a predeterm ned plan shape
and size is fornmed. The magnetic domain control filnms 30a and 30b aﬂg tﬂﬁ
| ead | ayers 33a and 33b are forned on the bottom shield gap Iaye'“tl %y 3
sputtering, for exanple. Subsequently, in a manner simlar to the bottom
shield gap layer 13, the top shield gap layer 14 is forned on the bottom
shield gap layer 13, the MR film20 and the | ead | ayers 33a and 33b. After
that, the top shield 1 ~ MAR 200 -2_543ayer 15 is selectively formed on
the top shield gap | ayer 14 by sputter]i g or the like. After formng the
top shield layer 15, the wite gap |layer 41 made of an insulating materi al
such as 0B n p. i .ering, r
st ance. tHigEnef bETIEH B E ahdha BHoERelsPHELor 24 B SAHSE O (o)
| ayer 41 usi.ng, phot o} it hagraphy. Then, the thin filmcoil, 43 .
sel ect | ve%mf SQIEE%?Met & o%r% Brite gap r]ﬁﬁerbﬁlriplflgt ieﬁﬁ‘nb?lesMSe?i ng,
for exanple. Subsequently,. the photoresist |ayer 44 is selectjvely forned
on the phsbewgﬁ@tsqﬁl&%f&zlba‘&ﬁg R Hbsanass o hO ol 1015 K rebRISYees ni | ar
to the photoresist layer 42. The thin filmecoil 45 is selectively fornmed on
t he phot o &gitdin |fHyee0id 45 havingemhbickapss phl ume torkbrmnpndfa photasesish3.
Furthernore, the photoresist |layer 46 is selectively formed on the
phot or esi kyelr adf fori govering Haet thiin filmmoilo#h «1% formednannide phatdrasisto t he
phot oresi st |ayer 42. After form ng the photoresist |ayer 46, the wite gap
| ayer 41 layepal4i|y et ched, whereby the opening 4la is formed near the
center of the thin filmcoils 43 and 45. After that, the top pole 47 nade
of a magnetic neAeabp ploledThavingiafhickndseNfiabohivB8rprd madé bé awhnagregdap | ayer
Q and the photoresist layers 44 and 46 by sputtering, for exanple.
bsequenigateribDchamihg chighpsdtayetiod lmagdetic it dehsithe sueh &HiNIRE bayer 15
are etched by, for exanple, ion mlling using the top pole 47 as a nask.

After thafreNaGréy BiteRRD), Iaiemdd ek tROWYHe FRFI2afir 41 AndelaBhEiorbdiREB1S

formed on the top pole 47 by sputtering, for exanple. In such a manner, a

number of é’ﬁ!y% 4b! LW JFRDNB! | T_h'a%g &Qﬂx 14565 ih cortdé WA 28B3maghedteng or med

on the wa as shown in Fig.
coupled to the top shield layer 15 through the opening 41a of the write gap

layer 41, which is provided in correspondence with the center of each of the
thin film coils 43 and 45. Although not shown in Figs. 2 and 3, an
overcoat layer having a thickness of 20 um to 30 um made of, for example,
Al2O3 is formed on the top pole 47 so as to cover the overall surface. By
. the structure, the recording head 1b generates a magnetic flux between the
top shield layer 15 serving as the bottom pole and the top pole 47 by a
current passing through the thin film coils 43 and 45 and magnetizes the
recording medium by the magnetic flux generated near the write gap layer
41, thereby recording information.
The thin film magnetic head device 1 having a such structure acts
as follows. A current is passed through the thin film coils 43 and 45 of the
recording head 1b, whereby the magnetic flux for writing is generated and

information 1s recorded on the recording medium. A sense current is



Subsequently, as shown in Fig. 7B, the wafer 4 is cut into sone blocks,
i.e., blocks 4a, 4b and 4c of three sizes) for exanple (step S 12). Each of
t he bl ocks 4a, 4b and 4c corresponds to an integral structure of th

stacked row bars 5 having the sane |l ength. Each row bar 5 corfbépﬂhgsmmé an
integral structure of a plurality of magnetic head sliders 2, each of which
has  at | east one thin filmnmagnetic head device 1. The rom/bars 5 are cut
fromthe blocks 4a, 4b and 4c and arelapped (step Sl4). Specifically, as
shown in Fig. 8A, an end face corresp&ﬁdlng to the air bearing surface of
one of the row bars 5 included in the block 4a is polished by a grinding

wheel 2% adied! l?liréu% ﬁl\gﬁeﬁ $of ACtheAep %‘&Fuc%é’%aﬁala whiChchSngpfpsite to
a e to a

t he surface to |xe IXing jig 100. Subsequently, as

:B?mcenogs?%ggg? EQ‘%%%%ISI%C?II %’éﬁq gggh%? e%(ﬂ‘augé’ elicﬁga (S sucked

bt voen. A¥igeLed REheted G pa CHy 4?5(1 ?t&%cﬁr%é%ﬁgﬂfgh%t“lﬂé% Hithg i g

100 and another jig on both end surfaces of the block 4a. Then, the row bar
5 havi ng e pol i shed surface is cut away fromthe adjacent rom1bar 5 by a
bl ade 106. After cutting, the protective film1l04 is peeled fromthe row
bar 5. Thus, onéQ@VﬁMﬁt@qﬁ%ﬁﬁ‘%@oﬁ'héu%F?@ﬁed surface as shown in Fig. 8C
is obtained. By repeating the steps shown in Figs. 8A to 8C, the surfaces
serving as the & rsuppart ﬁg‘bs'mat%t& uged 4n1a tnethasiyob anansfachuringethe n t he
bl ock 4a can be polished and all the row bars 5 can be cut fromthe bl ock
4a. ~' malARi2(dwead2dlidére? movordiang to the leelxdogient 4bilhndwale descralbexb

i shed and cut fromthe blocks in a manner simlar to those in the block

| n sugh referrimgetq Fag.pded@her sapyent rubbantef90 awusad stoSsepayt ,rofst fty row

bars 5) are obtained. In the polishing process shown in Fig. 8A what is

cal | ed RKarsRBs(Rigams ewhihpiang 16HE d@knibers sdrchg coh@prizmng rolplurglityobf shi ng
in accordance with neasured val ues of resistance of the thin filmnmagnetic

head devigg ﬁeﬁbmgur\e@%@r%@g the difirRailsShf@ farimed in HHY ifgeetit oyed.
Si nce the REG polishing is well known, its descriptionis omtted. A

conbi nat | g, Plclfaapsn A ipEBbagiaad fThei SRRk SPbATa R0 86 Rkpkic The

plurali ty row t hrough t'he above-descri bed steps are

aligned by ?Pat%%x%é 2426 shgpé.ho)ﬁ”blhgaftﬂ of 2o@Fald ¥&fke! fxdd'8nto

the surface of the support substrate 90. A protective film 200 for
protecting the surface of the support substrate 90 is formed on the surface
of the support substrate 90. A curing agent film 201 containing a curing
. agent which promotes setting of an adhesive 202 to be described later is
formed on the surface of the protective film 200. Further, on the curing
agent film 201, the adhesive 202 made of alkyl-a-cyanoacrylate for bonding
the row bars 5 is applied in a predetermined pattern.

The protective film 200 is formed by applying a solution of a
polyimide precursor such as polyamide acid on the entire surface of the
support substrate 90 by using a spin coater and conducting a heat
treatment on the solution. In this case, the polyimide precursor such as

polyamide acid becomes complete polyimide at about 250 °C. In the



support substrate 90 by bonding (step S16). Fig. 9 is a flowhart of the

al i gning process perforned in step S16 in Fig. 6. Figs. 10, 11, 14 and 15
are perspective views for describing the aligning process shovrnLiMA[FiMMQ.
Figs. 13A to 13C are sectional views for describing the aligning process
shown in Fig. 9. In the aligning process, first, a polyimde precursor such
as polyamde acid is coated on the entire surface of the support substrate
90 by using, for exanple, a spin coater, and is heated at, for exanple, 120
C for 30 mnutes, thereby formng theelérotective film200 shown in Fig. 4
(step S 100). Then, a solution containing an acid nordant dye is coated on

the prot ee&fb\spie@blifznoa%%@xt YpddighertOfs IR L at Qeﬁﬁmaﬁﬁ@ Rfwdthd,p heat ed

at, for exanp or 30 mnutes, thereby formng the curing agent
film 1 R - 28 201 {sSt.e : rakd tective
film 200 gl}leglmtte e%%rt }I%eg %tgé“r'\él%bi {B}r%§2%@§%1r?%(ﬁgtpgg§‘é§8?n % Oﬁgé%r(%ggp%?\gt he
surface of the.support. substrate 90. Subse iy, Qs .sho in Fi,g. 10, a
o1 edet or nPHRITIAREDR: &b ERP AL Sre e AR IOV OF 1e Whet Bahglin o on
the palette 62 wiith.their surfaces each, serving as the air beari surface
('} Cat cordsy TorRDtALR SRR AT B B chr UM S A0 HERFSHe b o (ot e
S104). At this tine, the row bars 5 are aLi gned, in a predeteLn‘i ned order
(e.g., thtemperatyrei@f the heat; tisatment dor thapolyaidg presuzser hagtothe waf er
4). Position accuracy of each row bar 5 on the pallet 62 to an extent such
that the pP@KRGmrohighies. r Morsaretenaply, Hhertepmpersuesoiiidie kpait iaeptment
sufficient. Subsequently, as shown in Fig. 5, the robot 64 is driven so as
to pick uferahd polymsiderpreharsopdidsansa Bangeefrbm bR °Caotldd Warrier 70 (step
06). At this tinme, the controller C controls the robot 64 so that the
bot 64 picks Uphé peoteotivbdilm 0@ obtaiged byncomdectialgettiech&dt treatment
pr edet er m ned
on the polyimide precursor at temperature within the above temperature
range is used for the following reasons.
1. Within the temperature range, setting of the polyimide precursor is
progressed to a degree at which the polyimide precursor does not dissolve
in alcohol or acetone. Consequently, the protective film 200 is not peeled
off through several times of photolithographic processes.
2. Since the polyimide precursor has not become complete polyimide in
. the temperature range, it dissolves in NMP and is easily removed.
As a specific example of the polyimide precursor, Semicofine™
made by Toray Industries, Inc. can be used. In this case, since the
temperature at which the precursor becomes complete polyimide is 300 °C,
a heat treatment is conducted at temperature which is lower than 300 °C
and at which the minimum strength can be obtained. More preferable
heat treatment temperature is, for example, about 120 °C.

The curing agent film 201 is used to promote setting of the

adhesive 202 by supplying anions to the adhesive 202 made of



order (e.g., in the order fromthe row bar 5 | ocated on the end close to
the robot 64) and transfers the row bars 5 one by one to the carri(;&}r%é@ﬂ
Then, the controller C drives the Y table driving nechani sm ?5 k %he
carrier 70 to the position below the suction plate 80 and then drives the
lifting mechanism 723 to lift the carrier 70 to a position just below the

| ower surface of the suction plate 80. In this state, the row bar 5 pl aced
on the carrier 70 is positioned relatijwe to the suction plate 80 in the
hori zontal plane (step S108). As shown in Fig. 11, the cameras 35a and 35b
provi ded over the suction plate 80 capture inmage information of 1 4 MAR

2003 - 29 hmdabiylaté landmeaiRihe aheadng itet® Smadefoft ¢ ARD S idanieds Sl i ders
2 |l ocated on both ends of the row bar 5 as shown in Figs. 12A and 12B. The

control | e(a18 £Ei18d HrhRRhAIdYS).CORE ERE tiMb UMBLiSAg %emiﬁg'sggaht dAw| ations
in the X and Y directions and inclinations of the row bar on the basis of

The. magnetyy é%*ﬁﬁ§ﬁ°?|3‘é¢’iﬁ%ﬁn%i§§€%@i‘ﬁ%’ﬁﬁ’{é‘nﬁiggﬂﬁ*‘% RelFals z&g&ﬁ 3
et1c fiead 'si t Sof! b a
rechant sridresd G ot S0, BF REE RulpBeE shintER S0 olBe e chani oo

725 on the .basis of control .information, .thereby adjusti g position
of the Caqgapé;oa%r Pﬂht E0HY e?tﬁ’f"eﬁt‘ﬁﬂ rﬂé.coﬂldf"@fe(ﬁﬁﬁpﬁéteixﬁﬁngg' %Bsi i on of
the carrier_ 70 relative to the suction plate 80, the controller C drives
the val véoﬁé%aﬁ-s?flmadh?ﬁ@?ew seref ) {he suRINggageRs flm 0B insmr t he

| ine of suction holes in the suction plate 8Q for sucki ng the row bar 5. At
t he same Ruedgtenmpimed patiem by acdigpenses Ghwhich wall bejdasarbag datesi sm 71a,
Qereby closing the valve 71 to stop vacuum suction of the carrier 70.

nsequent |y, the ewibgrag@nddiles 26X1f isf mashet ¢fear anipersuth amd ¢hwomeked by

the suction plate 80 (step S110). Wien the row bar 5 is sucked by the

sucti on plomEeR0and he cationr siitte asCRmpaassinen) asrsherwi¥ (nt the fiellowirg nal
position close to the robot 64. Each tine the suction and hol ding of one
row bar SFéymulaelsuction plate 80 is finished, the controller C drives the
canera driving nechanism 82 to thereby nove the caneras 35a and 35b by a
pitch of the row bars 5. the placenent of the row bar 5 onto the carrier 70
by the robot 64 (step S 106) ) positioning of the row bar 5 by the carrier
70 (step S 108) and 1 4 MAR 2003 -30 transfer of the row bar 5 fromthe
carrier 70 to the suction plate 80 (step S110) are repeated only by the
nunber of [Fgﬁnwgvlgars 5 (step S112). Thus, all of a predeterm ned nunber
of row bars 5 can be sucked by the suction plate 80. In such a manner, the
plurality of row bars 5 are held by the suction plate 80 with their
surfaces serxing as the air bearing\surfaces in line with the reference

pl ane (the 4r Yace of the sosCHan pl ate 80). Then, the controller C
drives the di speaSer drivi pparatlus 95 so that the di spenser 94 applies
t he adhesiv Hrpye N 4 ontjo the surface of the curing agent film
,)1 on the s subgtr 90 (step S114). Wen the adhesive 202 cones

nto contact] with Ohez‘

uQ'ng agent fjil m 201, the polynerization reaction

Iet/i on of the appli dtion of the adhesive 202 by the
ont y noves the support substrate 90
ate 80 as shown in Fig. 13A and lifts

initiates. After co
di spenser 94, the cg
to the positlion bg¥o

t he support |su a _qﬁ AR suction plate 80 to bring the adhesive
202 into conta “the , hel d by the suction plate 80. At the

time point géqe row baf into contact with the adhesive 202) as
shown in Fi P8E13t he adMesi/ is not cured yet. The thickness of the

adhesi ve 202 'under each of the row'bars 5 therefore corresponds to that of
each of the row bars 6. After the adhesive 202 sets in the state, the
suction of the suction plate 80 is stopped and the support substrate 90 is
separated fromthe suction plate 80. By the operations, as shown in Fig.
13C, the row bar 5 is transferred fromthe suction plate 80 onto the

support On the other hand, as shown in the following Formula 2,

alkyl-a-cyanoacrylate has a cyano group having a strong electron



1 4 MAR 2003 -31 substrate 90 (step S116). In such a manner, the plurality
of row bars 5 can be aligned on the support substrate 90 with their
surfaces as the air bearing surfaces in line with the referencekggﬂﬂﬁ 2003
(indicated by an alternate | ong and short dash line Sin Fig. ) n

ot her words, the surfaces of the plurality of row bars 5 as the air bearing
surfaces are arranged at the sane height (that is, distances between the
surface of the support substrate 90 and the surfaces serving as the air
beari ng surfaces are equal to each otﬂé?). The plurality of row bars 5
aligned in such a manner are taken together wth the support substrate 90

fromthe rgw sho i.n F| and are | oaded ar at us
for bhot of it adipe S5 B8 MRedl e SirtboyP e RO, o' ConiRERsp e R Sec‘"f‘%f’ t he
step of form, the rails photolith in ste 8 is pe rmed. In
the step g‘fnﬁdg?rﬁrﬂbmfih@ ‘f"ﬁ%g qﬁ“ﬂr“?“?fq%n?‘gg}éfétgr(’ﬁl?g @#%)s Fgﬁ?‘grﬁ nat ed
to the row bar all donthe su t S b};;ariﬁce 90,. and then the row
bars 5 ar@¥ Bo%té’ﬁltlB eg‘htPOEWQJQllﬁ thg pesctegn eﬂﬁlt!ﬁé'f’ugﬂcﬁm)
After conpletion of exposur e}l devel op msnt using alkali is perforned, the

row bars adiacenteearhon wna bwhat ig ¢aibedoa carkon aioan an dhe feperition) isdomssi st i s
renmoved. In such a manner, as shown in Fig. 14) the slider rail 2a having
an al nostSidcehtdpaei s sachrea electiom dems$isy alistrib utéomngnetitcemedyd wddlder s 2
in each of the row bars 5. The surface of the slider rail 2a serves as the
ai r beari mgioausdcaasee polymehizstibhmajtistorcnd hedymfearasionordaetipnogessed of
the row bars 5 (the surfaces serving as the air bearing surfaces) are

arranged gHovi®yForen ki 8 blrogressdss of exposure can be achi eved properly on
Qe surfaces to be 1 4 MAR 200 -32 processed of all the row bars 5. It

comes possible to elimnate variations in the photoresist pattern anong
the row bars. The slider rail 2a having a precise shape can be therefore
f or ned.

[Formula 2]

CN

S*CHp = €%~

COOR
(R= CHsa. C2Hs. CsH7)

[Formula 3]



Since the protective film2Q is fornmed by the polyimde precursor which
has set to a degree at which the protective film 200 does not dissolve into
al cohol or acetone, also in the case where the dry fil mresist ¢5§M8n8mﬁh
by using al cohol, acetone or the like in the rail formng step, the
protective film200 is not peeled off fromthe support substrate 90. The
adhesi ve 202 nade of al kyl -a-cyanoacryl ate di ssolves in NWP, acetone or the
| i ke but does not dissolve in alcohol. After forming the slider rails 2a,
each of the plurality of row bars 5 s orted on the support substrate 90
is cut into the separate magnetic head sliders 2 as shown by the arrows C
of Fig. 15 (step S20). Furthernore) the adhesive 202 is dissolved by using
acetone, whereby the nagnetic head sliders 2 gsg separated tnpm the support
substrate 90 (step SZZ)AICOnsequently) t he magnpeti c head sliger 2 as shown
in Fig. 2 is_obtained. Aternatively, after seé%nati@g the row_bars 5 from
t he supportAsubst ratie ®€ by dissol VAng Chie athBsi ve;  e&d2 5fCthe row bars 5
may be cut into the nagdetic head sliders 2. Sqnce t he polyihide precur sor
used to formthe proteck} film 200 has not conpl et yi m de yet,
the protective filn1zooéggfﬁly di ssolves in Nggjsgg t he progggﬁ%ve film 200
and the curing agent film20 are renoved, the support substrate 90 can be
reused. As described above, according to the enbodi nent, the protective 1
4 MAR 2003 -33 film 200 is forned on the support substrate 90) the curing
agent film201 is forned on the protective film 200, and the row bars 5 are
fixed on the curing agent fiChh 2QCNby usi ng t heCMdhesi ve 202. Consequently,
t he support substrate 90 can|be prptected from damage during the etching in
ﬁe rail formng ég__e_p Thus, .the s ppo_ga-sggst_r tse- 90 can be reused. Since
e support subst'tate IS Erotec ed by t 2§? ective film200, the atons
of the surface of the support subsirate 90 do ngt sputter to the surface to
be processed and side faces ghoragoR the rowd@oOR 5 in the etching step.
Further, since the protective film200 is in contact with only the surface
opposite to the surface to be processed of the row bar 5, a case such that
the protective film 200 covers a part of the surface to be processed hardly
occurs. Consequently, the surface to be processed can be precisely
processed. In addition, the_polyiyn de precursor used for form ng the
protective film200 gets tocﬁ deghee at which the polyimde precursor does
not dissolve in al cohol or gcetone

> A CH2-C
|
\\ COOR

For exanpl e, even when the resist

As shown in Fig. 4, therefore, when the adhesive 202 is coated on
the curing agent film 201, the polymerization reaction of the adhesive 202
promptly progresses by the anion supplied from the acid mordant dye in
the curing agent film 201. That is, the adhesive 202 is set in very short
time after it is coated on the curing agent film 201.

In the embodiment, the protective film 200 and the curing agent
film 201 are formed on the support substrate 90 in advance. During a

period since the adhesive 202 is coated on the curing agent film 201 until



removal using alcohol or the like is repeated to performthe photoresist
process a plurality of tines in the rail formng step, the protective film
200 is not therefore peeled off fromthe support substrate 90. Since the
pol yi mi de precursor of the protective film 200 has not becone fcHnARt2003

. polyimde, the polyimde precursor easily dissolves in NW. After
completion of the rail form ng step, therefore, the protective film 200 can
be easily renmoved by using NWMP. It makgs the reuse of the support substrate
90 easier. 1 4 MAR 2003 -34 Since t plurality of row bars 5 are aligned
with their surfaces to be processed (the surfaces serving as the air

bearing spyd aeﬁggivbr%dé e c¥y tah{)Idl%lirtﬁfo?rr%Q'CE R 878 HowRRASD sl oef er

exposure Is performed to formthe slider ralils 2a, exposure focus can be
properly i e t r.Qc r{i Vit he
sl i der ralafés] S%?’gé@%“ﬁ%aﬁg %@El?;teglfsgngs allég, (Q)gg %12@:?%} r?é&ﬂﬁ rgrgi\}elr)?
ful |l -waf er,_expos can be perfornmed by inexpensive equi pnment as conpared
to so-cal fi%s(frg}eétsiaiﬁﬂ-repeat exposure for exposing the row bars 5 one by
one. Therefore) nuf act ur i ng costé can be I‘ﬁdL{CEd. In ag]di tipn, since the
position of the Io%SHRPOE FHbsate, P corresponds) tor 3n @¥a t YlorPURRREce of
the suction plate 80 is, adjusted, no positional deviation between the
exposur e Pemkam bithepinvegtionnai Bhe gigtediive Abm 2A8 covesands decas. I n
such a manner, the slider rail 2a having a precise shape can be forned.
Si nce t heexsohplerof dprateetyee fidhy’ omethyy &yvangians e dThss cuhimgcagentgfitye®1
contained in the curing agent film201, it is possible to make the curing
agent st abdryespdarsts {ahhexampleof “efitiag agentclilm’hgn adeninvenitappl i Bble and t he
fect is stably maintained. In addition, the row bars 5 are once held by
e suct i sdhedied 202@okspogds be aawxaacEefodadkédveli im the ihventiier ence pl ane
and are transferred onto the support substrate 90. Thus, the plurality of
row bars 5 can beCénifagefatioredf ww bat Adighuppst substrate 90 at a time. The
manuf acturing tinme can be reduced accordingly. Furthernore, the row bar 5

i's positioned reabjat ibvéhdws aleadieBhARGLa )R OE aCLIW WaredligeMdriugbsgr vat i on
of the thin film magnetic head devi ces 1 4 MAR 2003 -35 1 of the magnetic

head sl i dgfes n?eﬂh%ﬁaBP%ﬁﬁuhﬂ:ttbri%%dlﬁ ﬁia%&%icr A¥4L dadlider I@@oraﬂ%]gdogﬁlé@f each

row bar 5 can be therefore preciSely matched to the position 0

ol o APhETfent I (Qk bl ARARS O SRR B SRl Qi) APERRNA 4l

exanpl e. ough the i1 nvention scri above e odi nment ,
the i , . t. 1 Lt ed : . difieati
of the. i niteidtt bRrd i SO Bt i BRI TERY o0t KB RS R M B Ve

fil d th ' fil ked he. b
00 it ndPorti hg sRRarERE TLPERS Mhle Hf SR meBitdRBR b °

curing agent film 201 may be,f.or . That is, it is ssible,to fogrmonly
The prot diE 1 AopBgt SATERE K s, Do enticnegor R P the Afhesi ve
202 on th rotective film200, It is algso pgssible to formanly the curing
@ i R 1Br it s tbOPY bABAERSE OPART D HeGeTIAY HAELH 6962 on

e curing agent film 201. The adhesive 202 may be supplied onto the curing
agent fi | GATPOREANC Y PABY Santae @IHQ?FI%Mi%h?ﬁléqﬂtammg‘wet‘ﬂ’ée%%si ve
202 obtai ned by conducting a heat treatnment on_the polyi m de precursor at
t enper at uﬁf@msdiéﬁ laveer de pol thenivpwepr Bght st BigesShot Ime oHeWyn&i de i s
used in the enbodinent, any other nmaterial nay be enployed as long as the
mat eri al description; dhe dixgcplootiol whiebgiheptow bars ﬁ@rpidaem&ddnd@@srqmgaeasi ly
di ssolve into a solvent such as al cohol. The thin filmmagnetic head device
1 is not dligrndrewill beaefmveddouwsi ad direAtiBnfdiddrtle direGh@nf pénpendibaulahi n fil m
magneti ¢ head device 1

to the Y direction in the horizontal plane will be referred to as an X

direction.
The row bar aligner 6 has: a palette 62 on which a plurality of row

bars b are horizontally placed in the Y direction; a robot 64 for picking up



~~ 4 MAR 2003 -36 may be a device using other MR film(e.g., a TMR

(tunnel -type nmagnetoresistive) filn). Mreover, the thin filmmagnetic head
device may be a reproduce-only head or a record-only head. As descri bed
above, according to the method of fixing row bars or the methqd, AR mmg
manuf acturing a magnetic head slider of the invention, the protective TTIm
is formed on at | east one of the surfaces of the support substrate, the
adhesive is applied on the surface of.4jne protective film and the row bars
are fixed by the adhesive. Consequently, the support substrate can be
prevented from bei ng damaged during processing of the row bars. Thus, the
support syherowt baah ohetHeepsletteabl ohb cbymomnesf @ chtiiénPo dos kécedvingl #Adced.
Since the support nenber is protected by the protective film the atons are

not sputtesadihs Rk kbR ersiPEse B chBewiiaPRble HRER S kT DyOGRSKIHeY t he
row bars, the adhesion of the atons sputtered fromthe suppOrt substrate to

t he surfagg. r %%dﬂ i f i t Wbﬁ ks al so
pr event ed.%glzé(r%'tu%giro§a @?ﬁ?ze tog%gtr%f:gglgia\?gleﬁ?ﬁrwggﬁgg |rrﬁ1§§c({)f(r%t ac £%'§h t he
surface opposi tQ t surface tgq b rogessad of each r bar case
such t hat 8%”6%14 ﬁ yot?mt %gr%g r’éogca S’dt %lebgb(gvreo@%sscg {Zb& di TR ?))\I/'glﬁ 85%?‘%‘ 99 ?8 r
protective filmhardly occurs. Thu hi.gh accgur ac rocessi ng, can e
real i zed. SW@?%E) ¢ O harst og't '}‘?é‘%ﬁ'ﬁg gfonf‘i ibggsﬁ“&}\?%a latg, E{&ne
met hod of ufacturjng.,a magnetic head slider of t i nvention, the
support r’r@@i‘r’mﬂ%m?o ﬁpﬁ”ﬂf%%cfi@ué?’bﬁg he e&?rrtl‘i"regﬁnéﬁ‘fl 6}het9r’r§)3ﬂﬂ3yi m de
precursor at predeterm ned tenperature. Even when the process to which the
pol yi mi despheeates8 are drivensungar thegongselafaecontroljer/ConR ~00~ - 37
gocessi ng by photolithography) is repeated) the support nmenber is

eref ore hardl yTharmadede 62 igdalinlatmshapeshma¢mger havieg ran adadfarge xi ng
row bars or the nethod of manufacturing a nagnetic head slider of the
i nvent i onenowgh polpyice a@rpdeteumsned insingldy efra baws & (eant fiftyeewibarsi n a
range from 100 C to 150 C. Consequently, the protective filmdoes not
di ssol ve Bhthémonexdhel mbotl @b petfoomsaz eeoies. of ymeratibhe rofparakping the
phot ol i t hography a several tinmes, the protective filmis not peeled off.

Si nce t hergolbarsisden phe palsne 62udneby amhet ond PpRadifgttheneat B 5idhd bg
tenperature range has not becone conplete polyimde, it dissolves in NV

(N-2- et hyhe pYts ehé donedr 20d The rBbet egtﬂm?_}fddenaﬁys cORfghdaticHay @eng That
is, inproved durability of the protective filmis obtained and renoval of

the used piat@at p¥ o sichopldgiibhéated. According to the nethod of fixing
row bars or the nethod of manufacturing a magnetic head slider of the

invention, a plupgd bAskid 76 eXERAR ﬁ?ﬁxr%fg%ﬁ%fﬂl&EQBcwnglﬁirél%g@m%ﬂtbe

processed of each of the row bars iIs nto lirne w

predet er mngd. s 6beMERGRe Y2 3Fea NhrEERGESh to place one row bar 5 thereon.

. A line of suction holes (not shown) is formed in the placement surface 70a
in the longitudinal direction of the carrier 70. These suction holes are
coupled to a pipe 70c extending outward from the carrier 70. The pipe 70c
has a valve 71 which is opened or closed by a valve driving mechanism 71a.
The carrier 70 is configured so as to suck and hold the row bar 5 by the
placing surface 70a when the valve 71 is opened and to stop sucking the
row bar 5 when the valve 71 is closed.

The carrier 70 can be moved in the vertical direction by a lifting

mechanism 723 and can be rotated in a horizontal plane by a rotating



easier to bring the surfaces to be processed of the plurality of row bars
into line with the reference plane. For exanple, in the case of performng
photol ithography at the time of processing, therefore, the expogulr ENAR)Qgg‘g
can be achi eved on the whole surface to be processed of a row bar and the

i nproved row bar processing accuracy is obtained. Further, according to the
nmet’hod of fixing row bars or the nethod of manufacturing a nmagnetic head
slider of the invention, since the curjng ~~~ ~ MAR 2003 -38 agent film
containing the curing agent is forned“nh the surface of the protective
film the adhesive sets in short tinme by the action of the curing agent.
Accor di ng d I Xk ; ar f uring a
magneti c gggﬁgﬁnggiﬂgf ﬁeeééxﬁélégﬁw gérllvdplz’lgﬁclg tthtﬁ? ggﬁé@%&e&ﬁ?&p a?)g% on the
surface of, the curing. f h KV e .S b0 sGqQri tihne. by the
2ot on of dpivite i HA%AArER dd 1B aliDFa 6058 N BySsh bV AR VIS SRR EY 1§ X ng
row bars or the. mtﬂ@% QIB manuf.actﬂii.nqga r@gneti c_head,.sl i der of .the

i nvent i on™MeCABNEHT f obPOSAFHET o' A TeoYaRIE Ty B TANES, (ool b POSHIWLCh of
the plurality of, row bars is made co into contact with the adhesive in a
state wheflese tethere @4%9%@0\?:‘1‘68\9@&2&’? syctionRlafe 88 t he predet er ni ned
reference plane. Consequently, when the row bars are made cone into contact
with the adhesi vEhe shHetiompdatectipfor prampled plateshaged membenimade o t he
variations in thickness of the row bars, and the adhesive pronFtIy sets in
such a stef staifttess site¢lacekichohdre apr axsss bage ofnaugh po bokd,i ¢.g., ofiftyoevbar s can
be therefore easily brought into line with the reference plane. In the case
of perforbargp. f Gheenadpt dacephhithe i surtignaplate R0 tihe smostlfsyrfaeessi ng, the
qposure focus can be therefore achi eved on the whole surface to be

ocessedplurhtity oWlines gfrsactisaiidea (oot stoywi)sa e forntbdin yhé nprdey ddce
Further, according to the nmethod of fixing row bars or the nethod of

manuf act usf RBeastegoet pratbesd, slThernembeheof nthentine’, of heudtion Nplégent
contains an acid nordant dye, so that the anion can be easily supplied to,
for exampidiredidndls- & EAnARTer ot Ehd!$6W bard 6710 bO&RRBEST TRe lines of
suction holes are coupled to pipes 80a independent of one another for each
line. Each pipe 80a is provided with a valve 81 which is opened or closed
independently by a valve mechanism 8la. Thus, suction by the suction
holes can be turned on or off in each line.
Two slits 87a and 87b penetrating the suction plate 80 in the
. thickness direction are formed in the suction plate 80 in order to observe a
suction position of the row bar 5, and the like. The slits 87a and 87b are
formed at the positions corresponding to both ends of the row bar 5 to be
sucked by the suction plate 80 in the longitudinal direction of the row bar 5
(the X direction). The slits 87a and 87b extend long in the alignment
direction of the row bars 5 (that is, the Y direction). Two cameras 35a and
35b are disposed with a predetermined space in the X direction over the

suction plate 80 so as to observe both ends in the longitudinal direction of

each row bar 5 (to be sucked by the suction plate 80) through the slits 87a



" 4 MAR 2003 -39 According to the curing agent of the invention, since the
curing agent contains an acid nordant dye, it is possible to nake the
curing agent stably exist on the surface after the application.lddPMWEZMH
effect is stably maintained. Qoviously many nodifications and vari ati ons of
the present invention are possible in the_ light of the above teachings. It
I s"therefore to be understood that within the scope of the appended cl ai ns
the invention nmay be practiced othermhﬁg than as specifically described.

~ ~ MAR 2003 What is clained is: 40 1.77A nethod of fixing a plurality of
row bars to a reusabl e predeterm ned support nenber in order to process a

pr edet er M, RaRAIT F'PRE cRe?as B5R TS5l a¥é BRfved 416RL the sHith 87d SIRIBES
i ncluding at | east one magnetic head slider) conprising: a protective film

form ng skﬁ%[é‘a{]mfe% m%énﬁ)&?&ta edhwe filmfor protecting the support nenber
in a later”etching step,

on at [east one entire surtace of the support
menber; an adhesjyve V1 ng a I.hg adhesdye. on the surface of
the protecfrve f%ﬁmd%gﬁlég%@b%ﬁ%'i%ﬁg%? eﬁpﬂ °ThoR |snt6g€1bn(sjé(¥i i rr;bg HBMGw bar s
to the support er. wi th making a surf.ace,opposite.to . the surface to be
br ocessedebpath Bvinhe [ GRARIHS. 8 WASH SLADSopd (it GIoRRE Tt t he
adhesive. 2. A npethod,of frxing . row bars. according to claim 1, Wnef]ei n the
prot ect i vBrevifad inear dhesyppori-arkateatey ip prdar torapplyan adhesive g $hei ge
precursor at predeterm ned tenperature. 3. A nethod of fixing row bars
accor di ngsuxfaee of vhe supperkernbstrate 80peThe wHepesser 4 Hegenfigurednsmas

conducted on the polyimde precursor lies in a range from 100C to 150C.
to move along the surface of the support substrate 90 by a known dispenser

. moving apparatus 95 and to dispense a liquid adhesive 202 (Fig. 4) from its
end.

The support substrate 90 can be moved in the Y direction by a
support substrate driving mechanism 98. The support substrate 90 is
movable between the position below the suction plate 80 and the position
apart from the suction plate 80. In a state where the support substrate 90
is moved to a position below the suction plate 80, a plurality of row bars 5
held by the suction plate 80 can be transferred onto the support substrate

‘ 90. On the transfer of the row bars 5, the support substrate 90 is moved
vertically by, for example, a few millimeters by the support substrate
driving mechanism 98 in order to bring the adhesive on the support
substrate 90 into contact with the row bars 5 held by the suction plate 80.

The suction surface (under surface) of the suction plate 80
corresponds to a specific example of “reference plane” of the invention.

<Method of manufacturing magnetic head slider>

Fig. 6 is a flowchart of the method of manufacturing a magnetic

head slider. Figs. 7A and 7B and Figs. 8A to 8C are perspective views of



4. A nethod of fixing row bars according to claim2, wherein the
tenperature of the heat treatnent conducted on the polyimde precursor is

~ t, MAR 2443 -41 lower than that at which the polyinde prec‘Bl,lef\RbEﬁﬂGnes
conplete polyimde. 5. A nethod of fixing row bars according to claim1,
wherein in the bonding step, while holding the plurality of row bars so as
to'bring a surface to be processed of each of the row bars into line with a
predet erm ned reference plane, a surfz;\&iz_,I opposite to the surface to be
processed is made to cone into contact“with the adhesive. 6. A nethod of
fixing row bars according to clainms 1) further conprising a curing agent

filmform ] O U4 j.: i Oy C agent
M e2tive Qbpk %MB%:ri’mg% et'éx{é\%?ﬁﬁﬁctﬁhh urﬁragfﬁd%l (E)]T"Sl‘?ﬂain Fgét.@. 9

whi ch pronot'es setting of the a on the ace e protective
film the ,st .00 i d ot ect i | form step and
t he adhes fq\%eagoﬁgp)ﬁy@ngpé%‘%’. g%’@%wrrgt% Eghﬂgffﬂ {nl xl‘nzear%l e\rﬁg&wﬁ%%éng egécggpgiaﬁa to
cl ai m 6, erejn the curing.agent cont.ains an .aci.d.nordant, dye.-8,,.A nethod
o 11 x1 ng S, P BT 4 B8 A HERRs F0BALRE BReP ALl eeitee: MiqeTiCoy
usi ng an adhesive,in.order to prqces r erm ned surface of each of
the row b Vé“,snﬂgngh’rrb@ﬂlié?mﬁ%?srfgr ﬁlq%ﬁ%?ﬁg@gﬁsl ncl udi ng at | east one
magneti c head slider, conprising: a curi n& agient filmformng step of
formng a curi ngThgénftﬂmi Preceshitid wtey 1€ uwilhpendunefly o@e%ﬂ”g’@dt iighset ti ng
of the adhesive, on_at | east "1l 4 MAR 2003 -42 one of surfaces of the
support neefeeencentogtiigss 2\vamdadpl yi ng step of applyi ng an adhesive on the
surface of the curing agent filmand a bonding step of bonding and fi xi ng
the row bars to Firet,sfopporample, the insulating layer 11 made of an insulating
. material such as Al2O3is formed on the wafer 4 by sputtering or the like.

Then, the bottom shield layer 12 made of a magnetic material such as NiFe

is selectively formed on the insulating layer 11 by sputtering, for example.

Subsequently, an Al2O3 film is deposited on the bottom shield layer 12 by

sputtering, for example. The Al;Os film is heated, whereby the highly

insulating bottom shield gap layer 13 is formed.

A stacked film for forming the MR film 20 is deposited on the

bottom shield gap layer 13 by, for instance, sputtering and then a
’ photoresist pattern is selectively formed on the stacked film. After that,

the stacked film is etched by, for example, ion milling using the photoresist

pattern as a mask, whereby the MR film 20 having a predetermined plan

shape and size is formed. The magnetic domain control films 30a and 30b

and the lead layers 33a and 33b are formed on the bottom shield gap layer

13 by sputtering, for example.

Subsequently, in a manner similar to the bottom shield gap layer

13, the top shield gap layer 14 is formed on the bottom shield gap layer 13,

the MR film 20 and the lead layers 33a and 33b. After that, the top shield



menber with nmaking a surface opposite to the surface to be processed of
each of the plurality of row bars cone into contact wwth the adhesive. 9. A
method of fixing row bars according to claim8, wherein in the ?o j&

step, while holding the plurality of row bars so as to bring th Q @gé@03o
be processed of each of the row bars into [ine with a predeterm ned
reference plane, the surface opposite to the surface to be processed is
made to come into contact with the adhgsive. 10. A nethod of fixing row
bars according to claim8, wherein thé curing agent filmcontains an acid
nordant dye. 11. A nmethod of fixing row bars according to claim210, wherein

the curinphyaeery id bélertivélyi fogmetedh the ko ahicld glpeluyef 1f4015fnsﬁﬁtﬁtrlﬂ1g nfilm
on at |east one of surfaces of the support nenber by using a sol ution

cont ai ni ngy H?@ igel d nordant dye> and a step of conducting a heat treatnent
on the thin m 12. A method of fixing row bars according to claim 8,

wherein the adhe&ftw;d;%gm@ flior FHARORCTY %the) g Ja np@er“ﬁ*ﬁn%g@?’ 43

13. A nmethod of "manu magn ead s i'sing. a device

formng st fiormn tic. hea rm ned
subst r at oL %“I%Bm st o hE AT byipBRRd opa“yﬁiﬁ b if Fow
bars eac |ncI n | egst on netic h d sli h|n
£11 m gt PEutiEkdor 2atRacd or BB ROk GERE IRV (8 IWP@FWﬁ% g

formng a protective filmfor protecting a support nenpber, on_at Ieast one
entire suP® ARe Ve¥ite BaP Jakereddrhy Helmesphgfolthogiapby. Then, the thin film

coil 43 is selectively formed on the photoresist layer 42 by plating or
. sputtering, for example. Subsequently, the photoresist layer 44 is
selectively formed on the photoresist layer 42 and the thin film coil 43 in a
manner similar to the photoresist layer 42. The thin film coil 45 is
selectively formed on the photoresist layer 44 in a manner similar to the
thin film coil 43. Furthermore, the photoresist layer 46 is selectively
formed on the photoresist layer 44 and the thin film coil 45 in a manner
similar to the photoresist layer 42.
After forming the photoresist layer 46, the write gap layer 41 is
‘ partly etched, whereby the opening 41a is formed near the center of the
thin film coils 43 and 45. After that, the top pole 47 made of a magnetic
material such as NiFe or FeN is formed on the write gap layer 41 and the
photoresist layers 44 and 46 by sputtering, for example. Subsequently,
the write gap layer 41 and a part of the top shield layer 15 are etched by,
for example, ion milling using the top pole 47 as a mask. After that, an
overcoat layer (nov shown) made of, for example, AlO3is formed on the top
pole 47 by sputtering, for example.

In such a manner, a number of thin film magnetic head devices 1



an adhesi ve applying step of applying an adhesive on the surface of the
protective filma bonding step of bonding and fixing the row bars to the
support nenber with making a surface opposite to the surface % LHMAR 2003
processed of each of the plurality of row bars cone into contact with the
adhesive a processing step of perform ng predeterm ned processing on the
plurality of row bars fixed to the support nenber in the bonding step and a
separating step of cutting each of thggow bars on which the predeterm ned
processi ng has been performed in the processing step into magnetic head
sliders. 14. A nethod of manufacturing a magnetic head slider according to

clai m 13, aMhgiraidll bhehomatfer tiasehiow i Fig.orAared by conducting a heat
treatment on a polyimde precursor at predeterm ned tenperature. ===

~i~u3 -44 15, A gebdidieftlyTBRWIRAHY 1 Pig2 TR %Ml Wwafdieads St “?xrtoas‘g?ﬁ’é ding to

claim 14, wherein the tenperature of the heat treatnent conducted on the
polyimd recur Soryql g i.Nn 0g.f 0.:C. 1 6¢ od of
manuf act 3?%9’%8&61{'%9%18? if% %éa% é ?Iﬁdg(l; Oggtgﬁgrégisﬁéést’ gf'o%?eg:la%mql%, (S\%ﬁé;%flég' t he
t enper at ug,e of e.heat freatnent, conducte n the,polyimd regursor is
over ¢ halisclanpoRe bl 4 o 45l SORREPATn DS ppdBLidsl SFhiBu SEHS T e,
17. A method, of manuyfacturing a, magnetic head . slider according to claim 13,
wher ei n i?faF]rﬁ%‘E B'B‘Wdt;'l"\”gS g'ﬂ&ilgg\ﬁh?eg%l%? E‘W@ hfﬁaﬁ;hu’fcéﬂ’i %F‘”ﬁr PAFE so as
to bring a surface to be processed of each of the row bars into [Line with a
pr edet er ninad insegnad teuguae of agplunedisy ofgppenrtie hegd: sladeygr2.aeach of be
processed is nmade to cone into contact with the adhesive. 18. A nethod of
manuf act uwhich hasragteast onedhin ilingmagaectigheadgdavaceclai m 13, furt her
mrrpri sing a step of formng a curing agent filmcontaining a curing agent
i ch pronotes <Skhe irny barg bearedbutifvern tie tlecksudaadb shdt4re apdoaexti ve
film the step being provided between the protective filmformng step and
t he adheslappedpfétepn@iddep.Specifically, as shown in Fig. 8A, an end face
corresponding to the air bearing surface of one of the row bars 5 included in
the block 4a is polished by a grinding wheel 102. At this time, the end
face of the block 4a, which is opposite to the surface to be polished is fixed
to a fixing jig 100. Subsequently, as shown in Fig. 8B, a protective film
104 is bonded to the polished end surface of the block 4a. The polished
end surface of the block 4a is sucked and held by another jig (not shown)
. with the protective film 104 in between. Thus, the block 4a is sandwiched
and held between the fixing jig 100 and another jig on both end surfaces of
the block 4a. Then, the row bar 5 having the polished surface is cut away
from the adjacent row bar 5 by a blade 106. After cutting, the protective
film 104 is peeled from the row bar 5. Thus, one row bar 5 having the
polished surface as shown in Fig. 8C is obtained.
By repeating the steps shown in Figs. 8A to 8C, the surfaces

serving as the air bearing surfaces of all the row bars 5 included in the

block 4a can be polished and all the row bars 5 can be cut from the block 4a.



19. A method of manufacturing a magnetic head slider according to claim 18,
wherein the curing agent contains an acid nordant dye. 14 MA~t 2~~3 -45
20: A nethod of manufacturing a magnetic head slider, conprising: MAR20SE
formng step of formng thin filmnmagnetic head devices on a predeterm ned
substrate a cutting step of cutting the substrate into a plurality of row
bars each of which includes at | east one magnetic head slider in which the
thin filmnmagnetic head device is for%ﬁd a curing agent filmformng step
of form ng a curing agent filmcontairfi'ng a curing agent for pronoting
setting of the adhesive, on at |east one of surfaces of a predeterm ned

suppor t g?ﬂ@efo@%aqghﬁsﬂh\éebﬁﬁﬁ% ﬁx]ibgggat Paftf a?s%%aa'; g; gﬁdaaﬂﬁ@bﬁg@ the

surface the curing agent fi ondi ng step o Ing a ng the

row bars BHﬁ:kQQnsé’%ﬁlgeHO@%Hr ¥ PQ{SEZM ﬁ‘]loﬁgrtfaa}cqno 95hUfiahRel ¢

surface t0 De processe each o plurality of row bars conmg’into
contact with, the adhesive a processi st ep.of performn redet erm ned
pr ocessi n@rqﬂ?t?%nbefcﬁpgpﬁ% OEFOV rﬁg’?@'g'l 5@3 rtogv {)?fés @@%oﬁa{ta%‘ﬁﬁer in the
bondi ng step and, a separati.ng step of, cuttjng,ea grOf the ro a
subj ected to t hcejhbrtﬁaé%%thlﬂ PIBPECSEIRE I Tk Sy GEREE ilwaﬁ@gpﬁfﬁo
magnetic head sliders. 21. A rrptegod of manufacturing a magnetic head slider
accor di ng(Resistagics Joapringr Fnide) medishimgi for seeptrolling e pRUFhIng) ime
plurality of row bars so as to bring the surface to be processed of each of
t he row bacoridance Wibtle measuradpralues of mesistianes of ¢he dhph filey mhgneticf ace
opposite to the
head device 1 changing according to the polishing amount may be
. employed. Since the RLG polishing is well known, its description is
omitted. A combination of rough polishing and finish polishing may take
place.
The plurality of row bars 5 obtained through the above-described
steps are aligned by the row bar aligner 6 shown in Fig. 5 and fixed to the
support substrate 90 by bonding (step S16).
Fig. 9 is a flowchart of the aligning process performed in step S16
in Fig. 6. Figs. 10, 11, 14 and 15 are perspective views for describing the
. aligning process shown in Fig. 9. Figs. 13A to 13C are sectional views for
describing the aligning process shown in Fig. 9.
In the aligning process, first, a polyimide precursor such as
polyamide acid is coated on the entire surface of the support substrate 90
by using, for example, a spin coater and is heated at, for example, 120 °C
for 30 minutes, thereby forming the protective film 200 shown in Fig. 4
(step S100). Then, a solution containing an acid mordant dye is coated on

the protective film 200 by using, for instance, a spin coater and is heated at,

for example, 120 °C for 30 minutes, thereby forming the curing agent film

~



,~ .~ ~,~a '?u~~ 46 surface to he processed is nade to cone into contact
with the adhesive. 22. A nethod of manufacturing a nmagnetic head slider
according to claim 20, wherein the curing agent film contains gn ﬁﬁ&@
nordant dye. 23. A nethod of manufacturing a magnetic head sli ch éwﬂang
to claim22, wherein the curing agent filmformng step includes: a step of
formng a thin filmon at | east one of surfaces of the support nentaer by
using a. solution containing the acidﬂﬂprdant dye; and a step of conducting
a heat treatnment on the thin film 24.”"A nethod of manufacturing a nagnetic
head slider according to claim 20, wherein the adhesive contains
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5 placed on the carrier 70 is positioned relative to the suction plate 80 in

the horizontal plane (step S108). As shown in Fig. 11, the cameras 35a

and 35b provided over the suction plate 80 capture image information of
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the thin film magnetic head devices 1 of the magnetic head sliders 2
located on both ends of the row bar 5 as shown in Figs. 12A and 12B. The
controller C (Fig. 5) obtains control information of positional deviations in
the X and Y directions and inclinations of the row bar 5 on the basis of a
deviation between an image of the thin film magnetic head devices 1 of the
magnetic head sliders 2 located at both ends of the row bar 5 and a pattern
P preliminarily stored. The controller C drives the X table driving

. mechanism 752, the Y table driving mechanism 756 and the rotating
mechanism 725 on the basis of the control information, thereby adjusting
the position of the carrier 70 in the horizontal plane.

After completion of position of the carrier 70 relative to the suction
plate 80, the controller C drives the valve mechanism 81a, thereby
selectively opening the valve 81 for the line of suction holes in the suction
plate 80 for sucking the row bar 5. At the same time, the controller C
drives the valve driving mechanism 71a, thereby closing the valve 71 to

' stop vacuum suction of the carrier 70. Consequently, the row bar 5 comes
off from the carrier 70 and is sucked by the suction plate 80 (step S110).
When the row bar 5 is sucked by the suction plate 80, the controller C
moves the carrier 70 to the original position close to the robot 64. Each
time the suction and holding of one row bar 5 by the suction plate 80 is
finished, the controller C drives the camera driving mechanism 82 to
thereby move the cameras 35a and 35b by a pitch of the row bars 5.
the placement of the row bar 5 onto the carrier 70 by the robot 64

(step S106), positioning of the row bar 5 by the carrier 70 (step S108) and
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transfer of the row bar 5 from the carrier 70 to the suction plate 80 (step
S110) are repeated only by the number of the row bars 5 (step S112).
Thus, all of a predetermined number of row bars 5 can be sucked by the
suction plate 80.

In such a manner, the plurality of row bars 5 are held by the
suction plate 80 with their surfaces serving as the air bearing surfaces in
line with the reference plane (the under face of the suction plate 80).

. Then, the controller C drives the dispenser driving apparatus 95
so that the dispenser 94 applies the adhesive 202 shown in Fig. 4 onto the
surface of the curing agent film 201 on the support substrate 90 (step S114).
When the adhesive 202 comes into contact with the curing agent film 201,
the polymerization reaction initiates.

After completion of the application of the adhesive 202 by the
dispenser 94, the controller C horizontally moves the support substrate 90
to the position below the suction plate 80 as shown in Fig. 13A and lifts the

. support substrate 90 toward the suction plate 80 to bring the adhesive 202
into contact with the row bar 5 held by the suction plate 80. At the time
point when the row bar 5§ comes into contact with the adhesive 202, as
shown in Fig. 13B, the adhesive 202 is not cured yet. The thickness of the
adhesive 202 under each of the row bars 5 therefore corresponds to that of
each of the row bars 5. After the adhesive 202 sets in the state, the
suction of the suction plate 80 is stopped and the support substrate 90 is
separated from the suction plate 80. By the operations, as shown in Fig.

13C, the row bar 5 is transferred from the suction plate 80 onto the support
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substrate 90 (step S116).

In such a manner, the plurality of row bars 5 can be aligned on the
support substrate 90 with their surfaces as the air bearing surfaces in line
with the reference plane (indicated by an alternate long and short dash line
S in Fig. 13C). In other words, the surfaces of the plurality of row bars 5
as the air bearing surfaces are arranged at the same height (that is,
distances between the surface of the support substrate 90 and the surfaces

. serving as the air bearing surfaces are equal to each other). The plurality
of row bars 5 aligned in such a manner are taken together with the support
substrate 90 from the row bar aligner shown in Fig. 5 and are loaded into
an apparatus for photolithography process.

Returning to the flowchart of Fig. 6, the step of forming the rails
by photolithography in step S18 is performed. In the step of forming the
rails, a dry film resist (not shown) is laminated to the row bars 5 aligned on
the support substrate 90, and then the row bars 5 are exposed to light by

‘ using a full wafer aligner (not shown). After completion of exposure,
development using alkali is performed, the row bars 5 are etched by ion
milling or the like and the dry film resist is removed. In such a manner,
as shown in Fig. 14, the slider rail 2a having an almost U shape is formed
in the surface of the magnetic head sliders 2 in each of the row bars 5.
The surface of the slider rail 2a serves as the air bearing surface 2e.

At this time, since the surfaces to be processed of the row bars 5

(the surfaces serving as the air bearing surfaces) are arranged at the same

height, focus of exposure can be achieved properly on the surfaces to be
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processed of all the row bars 5. It becomes possible to eliminate variations
in the photoresist pattern among the row bars. The slider rail 2a having a
precise shape can be therefore formed.

Since the protective film 200 is formed by the polyimide precursor
which has set to a degree at which the protective film 200 does not dissolve
into alcohol or acetone, also in the case where the dry film resist is removed
by using alcohol, acetone or the like in the rail forming step, the protective

. film 200 is not peeled off from the support substrate 90. The adhesive 202
made of alkyl-a-cyanoacrylate dissolves in NMP, acetone or the like but
does not dissolve in alcohol.

After forming the slider rails 2a, each of the plurality of row bars 5
supported on the support substrate 90 is cut into the separate magnetic
head sliders 2 as shown by the arrows C of Fig. 15 (step S20).
Furthermore, the adhesive 202 is dissolved by using acetone, whereby the
magnetic head sliders 2 are separated from the support substrate 90 (step

. S22). Consequently, the magnetic head slider 2 as shown in Fig. 2 is
obtained. Alternatively, after separating the row bars 5 from the support
substrate 90 by dissolving the adhesive, each of the row bars 5 may be cut
into the magnetic head sliders 2.

Since the polyimide precursor used to form the protective film 200
has not become complete polyimide yet, the protective film 200 easily
dissolves in NMP. As the protective film 200 and the curing agent film 20

are removed, the support substrate 90 can be reused.

As described above, according to the embodiment, the protective
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film 200 is formed on the support substrate 90, the curing agent film 201 is
formed on the protective film 200, and the row bars 5 are fixed on the
curing agent film 201 by using the adhesive 202. Consequently, the
support substrate 90 can be protected from damage during the etching in
the rail forming step. Thus, the support substrate 90 can be reused.
Since the support substrate 90 is protected by the protective film 200, the
atoms of the surface of the support substrate 90 do not sputter to the
. surface to be processed and side faces of each of the row bars 5 in the
etching step. Further, since the protective film 200 is in contact with only
the surface opposite to the surface to be processed of the row bar 5, a case
such that the protective film 200 covers a part of the surface to be
processed hardly occurs. Consequently, the surface to be processed can be
precisely processed.
In addition, the polyimide precursor used for forming the
protective film 200 sets to a degree at which the polyimide precursor does
. not dissolve in alcohol or acetone. For example, even when the resist
removal using alcohol or the like is repeated to perform the photoresist
process a plurality of times in the rail forming step, the protective film 200
is not therefore peeled off from the support substrate 90. Since the
polyimide precursor of the protective film 200 has not become complete
polyimide, the polyimide precursor easily dissolves in NMP. After
completion of the rail forming step, therefore, the protective film 200 can be

easily removed by using NMP. It makes the reuse of the support

substrate 90 easier.
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Since the plurality of row bars 5 are aligned with their surfaces to
be processed (the surfaces serving as the air bearing surfaces) in line with
the reference plane, even when full-wafer exposure is performed to form
the slider rails 2a, exposure focus can be properly achieved on all the
surfaces to be processed. Accordingly, the slider rails 2a each having a
precise shape can be formed. Moreover, full-wafer exposure can be
performed by inexpensive equipment as compared to so-called
. step-and-repeat exposure for exposing the row bars 5 one by one.
Therefore, manufacturing costs can be reduced. In addition, since the
position of the row bar 5 in the plane parallel to the suction surface of the
suction plate 80 is adjusted, no positional deviation between the exposure
pattern for the full-wafer exposure and the row bar 5 occurs. In such a
manner, the slider rail 2a having a precise shape can be formed.

Since the acid mordant dye (chrome dye) is used as the curing
agent contained in the curing agent film 201, it is possible to make the
‘ curing agent stably exist in the surface after the curing agent is applied
and the effect is stably maintained.

In addition, the row bars 5 are once held by the suction plate 80
having the surface for determining the reference plane and are transferred
onto the support substrate 90. Thus, the plurality of row bars 5 can be
transferred onto the support substrate 90 at a time. The manufacturing
time can be reduced accordingly.

Furthermore, the row bar 5 is positioned relative to the reference

plane concurrently with observation of the thin film magnetic head devices



10/ 109%&' ()-!1 1 &GLO% ( (& ()-m | &GLO% | (& ()- N8, #10%&' ()-1 9! 10%& () -

§ 70 kkk}[9TI>In, 109& ()-!'s, 10%m& ()-!, 910941& ()-!, 910%me' ()1 LOMRR' HYg3>L0

o& ()- k. k3kakr KkkwU3Tl >!, 109& ()-"!,

10%m& ()- ! 1094(1(& ()-! X109 ()-!& 10%i & ()-!& 10%m& () - Kkl

mefmmmMdYNC!, 10 10m 10m 10nBs! 10%r&' ()- 7 ! 10%m& () -

510%& ()-s- 110%m& ()- | +z10%r& () - mygrenxo00”=YNC!

y&109%&' ()-g'a 9$109%& ()-13 & 109& ()- 3 & 109& ()- 10%& ()- $10%&' () -

0"r SsssssssrS4! Y1I0%&' () - $&10%& ()-G 10 10 10'9-"110% ()- 9- '10%&k () -

| Dy&10%&' ()ofdhaqmaghetjz headsliNeds 2 located at both ends of the row bar 5. The
position of each row bar 5 can be therefore precisely matched to the
position of the exposure pattern in the rail processing step using
photolithography, for example.

Although the invention has been described above by the
embodiment, the invention is not limited to the embodiment, and various
modifications of the invention are possible. For instance, although both

. the protective film 200 and the curing agent film 201 are stacked on the
support substrate 90 in the foregoing embodiment, either the protective
film 200 or the curing agent film 201 may be formed. That is, it is
possible to form only the protective film 200 on the support substrate 90
and apply the adhesive 202 on the protective film 200. It is also possible
to form only the curing agent film 201 on the support substrate 90 and
apply the adhesive 202 on the curing agent film 201. The adhesive 202
may be supplied onto the curing agent film 201 by a method other than

. application.

Although the adhesive 202 obtained by conducting a heat
treatment on the polyimide precursor at temperature such that the
polyimide precursor does not become polyimide is used in the embodiment,
any other material may be employed as long as the material is resistant to
photolithography or the like and does not easily dissolve into a solvent such
as alcohol.

The thin film magnetic head device 1 is not limited to a device

using an AMR film or a GMR film. The thin film magnetic head device 1
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may be a device using other MR film (e.g., a TMR (tunnel-type
magnetoresistive) film). Moreover, the thin film magnetic head device
may be a reproduce-only head or a record-only head.

As described above, according to the method of fixing row bars or
the method of manufacturing a magnetic head slider of the invention, the
protective film is formed on at least one of the surfaces of the support
substrate, the adhesive is applied on the surface of the protective film, and

. the row bars are fixed by the adhesive. Consequently, the support
substrate can be prevented from being damaged during processing of the
row bars. Thus, the support substrate can be reused and the
manufacturing costs are reduced. Since the support member is protected
by the protective film, the atoms are not sputtered from the surface of the
support member when processing the row bars, the adhesion of the atoms
sputtered from the support substrate to the surface to be processed and
side faces of each of the row bars is also prevented. Further, since the

. protective film comes into contact with the surface opposite to the surface
to be processed of each row bar, a case such that a part of the surface to be
processed is covered with the protective film hardly occurs. Thus, high
accuracy processing can be realized.

Moreover, according to the method of fixing row bars or the
method of manufacturing a magnetic head slider of the invention, the
support member is formed by conducting the heat treatment on the
polyimide precursor at predetermined temperature. Even when the

process to which the polyimide precursor is resistant (for example,
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processing by photolithography) is repeated, the support member is
therefore hardly damaged.

In addition, according to the method of fixing row bars or the
method of manufacturing a magnetic head slider of the invention, the
polyimide precursor is subjected to a heat treatment in a range from 100 °C
to 150 °C. Consequently, the protective film does not dissolve in, for
example, alcohol or acetone. Even after performing photolithography a

. several times, the protective film is not peeled off. Since the polyimide
precursor subjected to the heat treatment in the temperature range has not
become complete polyimide, it dissolves in NMP (N-2-methyl-pyrrolidone)
and the protective film is easily removed. That is, improved durability of
the protective film is obtained and removal of the used protective film is
facilitated.

According to the method of fixing row bars or the method of
manufacturing a magnetic head slider of the invention, a plurality of row

. bars are fixed so that the surface to be processed of each of the row bars is
brought into line with the predetermined reference plane. It becomes
easier to bring the surfaces to be processed of the plurality of row bars into
line with the reference plane. For example, in the case of performing
photolithography at the time of processing, therefore, the exposure focus
can be achieved on the whole surface to be processed of a row bar and the
improved row bar processing accuracy is obtained.

Further, according to the method of fixing row bars or the method

of manufacturing a magnetic head slider of the invention, since the curing
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agent film containing the curing agent is formed on the surface of the

protective film, the adhesive sets in short time by the action of the curing

agent.

According to the method of fixing row bars or the method of
manufacturing a magnetic head slider of the invention, since the adhesive
is applied on the surface of the curing agent film, the adhesive sets in short
time by the action of the curing agent.

In addition, according to the method of fixing row bars or the
method of manufacturing a magnetic head slider of the invention, the
surface opposite to the surface to be processed of each of the plurality of
row bars is made come into contact with the adhesive in a state where the
surface to be processed is in line with the predetermined reference plane.
Consequently, when the row bars are made come into contact with the
adhesive, the thickness of the adhesive changes according to the variations
in thickness of the row bars, and the adhesive promptly sets in such a state.

. The surfaces to be processed of the plurality of row bars can be therefore
easily brought into line with the reference plane. In the case of
performing, for example, photolithography at the time of processing, the
exposure focus can be therefore achieved on the whole surface to be
processed. The row bar processing accuracy is accordingly improved.

Further, according to the method of fixing row bars or the method
of manufacturing a magnetic head slider of the invention, the curing agent

contains an acid mordant dye, so that the anion can be easily supplied to,

for example, alkyl-a-cyanoacrylate used to form the adhesive.
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According to the curing agent of the invention, since the curing
agent contains an acid mordant dye, it is possible to make the curing agent
stably exist on the surface after the application and the effect is stably
maintained.

Obviously many modifications and variations of the present
invention are possible in the light of the above teachings. It is therefore to

be understood that within the scope of the appended claims the invention

. may be practiced otherwise than as specifically described.
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1. A method of fixing a plurality of row bars to a reusable predetermined
support member in order to process a predetermined surface of each of the
row bars, that is a long member including at least one magnetic head slider,
comprising:

a protective film forming step of forming a protective film for protecting
the support member in a later etching step, on at least one entire surface of
the support member;

‘ an adhesive applying step of applying an adhesive on the surface of
the protective film; and

a bonding step of bonding and fixing the row bars to the support
member with making a surface opposite to the surface to be processed of
each of the plurality of row bars come into contact with the adhesive.

2. A method of fixing row bars according to claim 1, wherein the
protective film is formed by conducting a heat treatment on a polyimide
precursor at predetermined temperature.

3. A method of fixing row bars according to claim 2, wherein the
. temperature of the heat treatment conducted on the polyimide precursor lies
in a range from 100°C to 150°C.

4. A method of fixing row bars according to claim 2, wherein the
temperature of the heat treatment conducted on the polyimide precursor is
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lower than that at which the polyimide precursor becomes complete

polyimide.

5. A method of fixing row bars according to claim 1, wherein in the
bonding step, while holding the plurality of row bars so as to bring a
surface to be processed of each of the row bars into line with a
predetermined reference plane, a surface opposite to the surface to be

. processed is made to come into contact with the adhesive.

6. A method of fixing row bars according to claims 1, further
comprising a curing agent film forming step of forming a curing agent film
containing a curing agent which promotes setting of the adhesive, on the
surface of the protective film, the step being provided between the

protective film forming step and the adhesive applying step.

‘ 7. A method of fixing row bars according to claim 6, wherein the

curing agent contains an acid mordant dye.

8. A method of fixing a plurality of row bars to a predetermined
support member by using an adhesive in order to process a predetermined
surface of each of the row bars, the row bar being a long member including
at least one magnetic head slider, comprising:

a curing agent film forming step of forming a curing agent film

containing a curing agent for promoting setting of the adhesive, on at least
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an adhesive applying step of applying an adhesive on the surface
of the curing agent film; and

a bonding step of bonding and fixing the row bars to the support
member with making a surface opposite to the surface to be processed of

each of the plurality of row bars come into contact with the adhesive.

. 9. A method of fixing row bars according to claim 8, wherein in the
bonding step, while holding the plurality of row bars so as to bring the
surface to be processed of each of the row bars into line with a
predetermined reference plane, the surface opposite to the surface to be

processed is made to come into contact with the adhesive.

10. A method of fixing row bars according to claim 8, wherein the

curing agent film contains an acid mordant dye.

11. A method of fixing row bars according to claim 10, wherein the
curing agent film forming step includes:

a step of forming a thin film on at least one of surfaces of the
support member by using a solution containing the acid mordant dye; and

a step of conducting a heat treatment on the thin film,

12. A method of fixing row bars according to claim 8, wherein the

adhesive contains alkyl-a-cyanoacrylate.
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a device forming step of forming thin film magnetic head devices
on a predetermined substrate;

a cutting step of cutting the substrate into a plurality of row bars
each including at least one magnetic head slider in which the thin film
magnetic head device is formed;

. a protective film forming step of forming a protective film for
protecting a support member, on at least one entire surface of the
predetermined support member;

an adhesive applying step of applying an adhesive on the surface
of the protective film;

a bonding step of bonding and fixing the row bars to the support
member with making a surface opposite to the surface to be processed of
each of the plurality of row bars come into contact with the adhesive;

. a processing step of performing predetermined processing on the
plurality of row bars fixed to the support member in the bonding step; and

a separating step of cutting each of the row bars on which the
predetermined processing has been performed in the processing step into

magnetic head sliders.

14. A method of manufacturing a magnetic head slider according to
claim 13, wherein the protective film is formed by conducting a heat

treatment on a polyimide precursor at predetermined temperature.
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15.
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A method of manufacturing a magnetic head slider according to

14, wherein the temperature of the heat treatment conducted on the

polyimide precursor lies in a range from 100 °C to 150 °C.

16.

claim

A method of manufacturing a magnetic head slider according to

14, wherein the temperature of the heat treatment conducted on the

polyimide precursor is lower than temperature at which the polyimide

precursor becomes polyimide.

17.

claim

A method of manufacturing a magnetic head slider according to

13, wherein in the bonding step, while holding the plurality of row

bars so as to bring a surface to be processed of each of the row bars into line

with a predetermined reference plane, a surface opposite to the surface to

be processed is made to come into contact with the adhesive.

18.

claim

A method of manufacturing a magnetic head slider according to

13, further comprising a step of forming a curing agent film

containing a curing agent which promotes setting of the adhesive, on the

surface of the protective film, the step being provided between the

protective film forming step and the adhesive applying step.

19.

claim

A method of manufacturing a magnetic head slider according to

18, wherein the curing agent contains an acid mordant dye.
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VTHSOR (), - Occllz(’igevme forming step of forming thin film magnetic head devices
on a predetermined substrate;

a cutting step of cutting the substrate into a plurality of row bars
each of which includes at least one magnetic head slider in which the thin
film magnetic head device is formed;

. a curing agent film forming step of forming a curing agent film
containing a curing agent for promoting setting of the adhesive, on at least
one of surfaces of a predetermined support member;

an adhesive applying step of applying the adhesive on the surface
of the curing agent film;

a bonding step of bonding and fixing the row bars to the support
member with making a surface opposite to the surface to be processed of
each of the plurality of row bars come into contact with the adhesive;

. a processing step of performing predetermined processing on the
plurality of row bars fixed to the support member in the bonding step; and

a separating step of cutting each of the row bars subjected to the

predetermined processing in the processing step into magnetic head sliders.

21. A method of manufacturing a magnetic head slider according to
claim 20, wherein in the bonding step, while holding the plurality of row
bars so as to bring the surface to be processed of each of the row bars into

line with a predetermined reference plane, the surface opposite to the
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surface to he processed is made to come into contact with the adhesive.

22. A method of manufacturing a magnetic head slider according to claim 20,

wherein the curing agent film contains an acid mordant dye.

23. A method of manufacturing a magnetic head slider according to claim 22,

wherein the curing agent film forming step includes:
a step of forming a thin film on at least one of surfaces of the support

member by using a. solution containing the acid mordant dye; and
a step of conducting a heat treatment on the thin film.

24, A method of manufacturing a magnetic head slider according to claim 20,

wherein the adhesive contains alkyl-a-cyanoacrylate.



