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RESI STANCE VALUE OF MAGNETORESI STI VE ELEMENT) AND COVPUTER SYSTEM

BACKGROUND OF THE I NVENTION 1. Field of the Invjmwmuwmﬁventi on rel ates
to, a nethod and an apparatus for manufacturing ansducer havi ng

properties of changing in electrical redirstance in rewpgnse to an external
magnetic field, a nethod and an apparatus for nmanufacturing a magnetic head

havi ng a magnetic c f r S r ol | ing

manuf act uri ng of ﬁﬁ&%ﬁdﬁ.gﬁﬂ ﬁsﬁd&@@ﬁ%@%m&ﬁéqwﬁ@d mat i ng

resi stance val ue of such a magnetic transducer, and conputer system 2.
Descri pti on MAGNETORESISTIVE REEMENT, SOFTARE AW SYS'BEM/&QBmce of a
thin filmmgnetic head has been sought in accordance with an increase in a
surface recor CONTROBLINGMANUFACTGRING OF MAGNBTOQRESISRIWES i | m
magneti ¢ head, which has a stacked structure conprising a recordi ng head
havi ng an | BUEMENT,SQFIWARE BORIBSTIMATING RESISTANGE YALAJBRg head
havi ng a magnetoresistive (hereinafter referred to as MR) el enent for

readi ng, is w NAGNERORESISTIVENELEMENTRBANG COMPUTERIBY SREM enment
utilizes an MR filmchanging in electrical Y -2 0 1 JUN 2002 resistance
in response to an external magnetic field. MR elenents include an AMR

el ement utilizing an ani sotropi c magnetoresistive (AMR) effect, a GWR

el ement ut wlaic i myowe (GWR) effect, and so on. The
BA&%@@%@U AR %ﬁﬂﬁmbw

repr oduci ng usi ng the is called an AMR head or sinply an

MR head, aad r j ead using the GWR elenent is called a GWR
head. The g\T\/RF egd)??fslggié{g%ﬁggﬂt he reproduci ng head whose surface recording

density exceeds i gabit per sgquare inch, a the head_is_used. as the
r epr oduci ng head osgwse&t?o&ereﬁgg%sr d{fonga d&esq?‘f’g et §p8ia6%t6\st sfoﬁer
square inch. t hods of inproving the, performance of the r oduci ng head
"ol ude. o METVRRCTI A FRAETRHS SFFRSGUreh, BIvIPRGDNRSrHER Ol BhEpEREA Ry, an
MR hei ght is nadqiﬁappropri ate, and so on. The hei ght, r fgrs to ﬁ l,ength
(hei ght) oflepHicaiResistABiy 1BSHARREASY (e atha@Xierdnddpagneide fidddaa methedaring
surface and the opposite end thereof. The MR height is controlled in

accor danceand tan apparaust fosrmpsnfaginrigeon mpsnelie headr havinguafmagnetic
Incidentally, the air bearing surface refers to the surface of the thin

fi | m magnetriansfuert, f seftwgre andnevstem efur diongroddag umanuidcekingdofing and
is sonetines called a track surface. This type of thin filmnmgnetic head
i s manuf achagadtichransfuceheahdsbfiviarg for egtsmasing wsotedce mallepeihesh £at ent
Application Laid-open No. Hei 11-863, for exanple. First, a |large nunber (a
| ar ge nunbmagaktiedtransdiceheanld comesiteraydtentf. whi ch i ncl udes a reproduci ng
head using an MR el enent and a nmagnetic induction type recording head, and

thin film3trDekeription of bhaRefatedyArt
Recently, an improvement in performance of a thin film magnetic
head has been sought in accordance with an increase in a surface recording
density of a hard disk drive. A composite thin film magnetic head, which
has a stacked structure comprising a recording head having an inductive
magnetic transducer for writing and a reproducing head having a
magnetoresistive (hereinafter referred to as MR) element for reading, is

widely used as the thin film magnetic head.

The MR element utilizes an MR film changing in electrical



-3 0 7 JUN 2002 sensors are fornmed on a wafer (a substrate) nade of fab
exanple, a predeterm ned ceramc material by a thin filmprocess uéiﬂg N 2002
phot ol i t hography or the like. The dummy sensor is used for nmonitoring in
order to control dinensions and perfornmance of the MR el enent. Then, the
wafer is cut into a plurality of rectangul ar bars, each of which includes a
plurality (a plurality of sets) of head cores and dunmmy sensors, by the use
of. a dicing saw or the |ike. Then, a prﬁ%hlity of bars thus obtained is set
on a polishing apparatus or the |like, the cut surfaces thereof (the

surfaces I 0 I Ly t [ I r nol | shed,
and pol i smyﬁéﬁ?%&get %plb%gov%g& ¢ ﬁee’{\%%%ll rg%?ﬁ%#ﬁ?t ez&l'wégfgﬁ%mrl]@tr%elag}@e a

pr edet er m ned get _di nensi.on. The term ".a predeterm ned t di mensi on”
Cenerally i APERGem i XIIAGz 41 SpistiEhniA R EOToFRARE ARIREpRFE o1
delivering tromagnetic.performance required. fo reprodugi ng head.
For  exanpt SMIGSIEER BAERE 2y Blamamagherareaesiye  GUD 6 885 8 plopos es
a nmet hod which includes: directly neasuring resistance values of a
plurality ofhevreRtodwsing head vringdher AMB alemgnt up palled an AMER hspdeotor the
resi stance val ues and stopping polishing the bar when the nean val ue
reaches a \sanpdy wint M heagr endt thenterrednamgehead usingrthe §&xMbhelgménicisudes
controlling the timng of stopping polishing the cut surface of the bar

whi | e neaswalled ahe@MIR headjht The nAMRnhedd yis wsdesd jpol thshedpimatucing fheader
cut into separate head sliders. However, the nmethod in which polishing is
cont r ol | ed windsel surfamcierordinlg démaitys erceedal Ligigabit per bifuina {yivh, madcties t he
target val ue has -4 0 7 JUN 2002 a problem Although the thin film
magneti c heGNR hea@isitised us ele wepFoduring hieadtwidseafurfidentatbrdingde ¥Rty

el ement havi ng predeterm ned el ectromagnetic performance, variation or an

error out @kcfddI®etrdPitieser @) \@iranaehi s of ten detected when el ectromagnetic
properties of the manufactured MR el ement are neasured. \Wen the

el ectromagneti ¢ phaRBLEL L R pagTelp) iC
heads finally obtal negagﬁg ﬁégé&ﬁggaﬁdﬁgﬁg}ﬁ#ggfﬁe%ﬁ%é 2?8{({1%10%
el ectromag LGP ! J,S: . | i out
of pr edet arivinia™d BRERbATE Which BULGKE WA HBRBMIEHHE, bEraaIRHYIER O |
formng th filkmaon the wafer,.a change in vai 0 conditions for
phot ot hod (RGN B matBoPR i rister AR R b o (e NTB REERS ¥,
t hi ckness qr t §,er.n, wi he formed, MR fi] maccqrding ,to an .
it or wat etength (isignthot the b Ao Bl RerHERn the <l eeBol Fofe 16 Y aHars i s
e on oA RS ARE b s kAR et mie St Bl st
all ows the mean of the resistance values of. the F|)1/R filpms_of the bars under
pol i shing B BECofianse, vth, aactwonnteef Palshing of ther pHabegrngesuriagen | f
the resistance value of the MRfilmis within tolerance, the nethod cannot,
however, edbadeatalyg thehainkesrangrrurfacanrefprste shersaméace oheheishirafil;y not
only the resistance value of the MR filmbut also the MR height is
speci fi ed beaguetic hoad fasing aamagRetisi nghording medisen 4a dhsh oreshom) anshisas
el ectro mgration and thus cause damage to the MR film As descri bed above,
a probl em lsamefibnes ohlded adxadht sdrfavari ati on in the resistance value or the
di mensi on (MR height) of the MR el enent of the -5 ,0 7 JUN 2002 thin film
magnetic head fi ndhliytyid of tlead fihn unagnetid hehdriefmarufdeeutdd thifolghn thegnet i ¢
head whi ch does not fulfill required specifications is

following steps as proposed in Japanese Patent Application Laid-open No.

Hei 11-863, for example.
First, a large number (a large number of sets) of head cores, each
of which includes a reproducing head using an MR element and a magnetic

induction type recording head, and thin film structures such as dummy



di sadvant ageousl y manufactured. The invention is designed to overconﬁ tﬂﬁ
foregoing problens. It*is ah object of the invention to provide a ke hé 2002
and an apparatus for manufacturing a magnetic transducer and a net hod and
an apparatus for manufacturing a magnetic head which nmake it possible to
fulfill specifications for predeterm ned magnetic reproduci ng by reducing
variation in el ectronmagnetic properties of an MR el enent finally obtained
and variation of the nedian of distribuwton. SUMARY OF THE | NVENTI ON
According to a fir st aspect of the invention, a nmethod for manufacturing a
magnetic transducer having a nmagneto-sensitjve .l ayer changing in electrical
resi st ancesellﬁo’Fsesaﬁ'Sng)gn%%ﬂ% @X'[%%qt%hl garrﬁ&héﬁ e F’i?‘i)e r?gnggﬁ Seg@;n%lef i4m
form ng step of selecgtively formng at |east a Hagng%o-sensitive | ayer on a
pr edet er niRtedetarBYNed: ccoradntsst materiakt fhad othybt LM PO oMSHM ai ni ng
information about at |east either the substrate or a structure including at
| east t he nhajabtknarapbytanidel liker The dummy semsor ipysedifer menitoying imt e
information before polishing a cutting step of cutting the substrate into a
plural ity aflebte somtaohdimensidna@natpd an¢reofdpndiB eleamenit. i ve | ayer and a
polishing step of polishing the bars, wherein the polishing step controls
pol i shi ng of t he Then, theexafen iatcut éast a tfiaralitysof rdctangdlar itetrs peado of hat

t he magneto-sensitive |ayer " -6 included in the bar has a predeterm ned
target resyhichniilwdésia. plirdlifiia HlAzality bheetPtdfoleddcorasnahdcduminfg a
magnetic tr ansducer) a plurality of bars each including at |east the

nmagnet o- sehkbisy Byl theQisel of £8icihg 8gwidictHedlske, and each of the bars is
pol i shed. The polishing step controls polishing of the bar based on at

| east the substrgtyen nj O%F{&hliw SO baRR ithifde oHBANEd OtsS 886 1o 4€ pofi¥Rin

included in the bar_ha§ he priedeterm ned target resistance val ue. e

subst rat & aiareb ol 11BN Py Sdritabdd HdTRbE Ao ARAMckERRHONE B | tsel |
e ‘e tar e

in a stag ore s I'ng’ pol 'shi ng or structure on the substrate. The

cu ??ﬁgiii %fﬂ%%%&ﬁ?&'ﬂ%éﬁi‘%gé%2?%%2%??%&?%é*iisﬁ'é%é ?f%e?s%ﬁﬁiﬁf i ng
dent  fyi 19t ARG BB Sl el TR FIRbrHariearhFora | BESH YR HETBEY o cut

fromthe sybstrate, jnformation gbout various types of filnms forned on the
subst r at e, HHFPSIRP-onT DA IR hGPHedPeRRMBEd RUgs tndime RaigR e BPReRAL BBk ¢
according to the first aspect éégthe invention may further copprise: a step
of cal cul 4@i fy tareet syalug| paedefiaed ¢ a8 | Ag damgrFIOMHiCapanir ok | dglvesingrat ed
resi stance val ue of the magneto-sensitive |ayer by subjecting the substrate
i nf or mat i Gledtzomagnetie perfarmancepensitedrfonshegenrddwsinghesdousl y subj ect ed
to statistical processing as weighting coefficients, wherein the polishing
step cal cul ates oz exampie,edapeness nyafpplicgtiosi hgidipperablo. tHei i r st
val ue and controls polishing of the bar so that the estimted resistance
val ue reach@s57heroposest a meeilmdawhecly ahcdadesndirhetlyranbasufiog reaistdnct uri ng
a magnetic transducer, the first 0O 7 JUN 200Z val ue constituting a part
of the estvala¢edf a gdusdlatycef MR elenodntsHormed et thesbasidalmdatiages mean

obtai ned by the predeterm ned open ation using the substrate information
and the waiadté iofgtheoeddistzinest valabsahnddstoppiiigpolibkirgt shé Harcwhepr tlgessi ng,
and the estimated resistance value is calculated by using the first val ue.

Pol i shi ng Réah R lkarehehéLRtv4lub odithon ahpieddiermiiddrhRge, 860 atmBeibd/ al ue
reaches the target resistance value. In a nethod for manufacturing a

magnetic t C i L0 s i i he
Subotr b o Y EPAMERIIACAGIRe the HRnibEIcl o(BPPRE piing (HAVALL diTacd

resi st anc &yl g O aSRkaLEThSLARREY AL HhARHBANG! BieSSANHdd Bad V"

made on thé sub ate or a vir resisttance val ue o

magnet o- sensi Lhve | ayer contajning,a,;.crowdi ng resistance conponent as well,
wher eby tﬁﬁg{}%lg{,ﬁg?inﬁonﬁegmh hﬁgéghfﬁ%sns data about at |east either the
obt ai ned resistange val ue,or sheet resistance,val ue .of the .

TmOnet o senai ¢ v LTSI % HREDRa I hoBRA POUPTITS S strtioled nEh A he
magnet o-sensitive layer. .In a_netho mgnuf act yri ng a magnetj c

tr ansducerma@w}laﬂ@mmlﬂa valpe 10? aﬂgé@ﬁ hsig héeﬁ\ﬁérf?ﬁeoﬁ@)rg%&afd@p@%ﬁ tion
step may further format |east either a | eading conductive filmto be

el ectrically connected to the magneto-sensitive |layer or at |east one
resistance filmpattern for functioning as a dummy, and the substrate

i nformati on obtaining step may obtain the resistance val ue of at |east
either the | eading conductive filmor the resistance filmpattern made on
t he substrate) whereby the substrate information contains data about at

| east either the obtained resistance value of the |eading conductive film

I -, o "



8. resistance filmpattern. .0 1 JUN 2002 In a nmethod for nanufactWLanuﬂ 2002
magneti c transducer accordirfg to a second aspect of the invention, i

addition to the first aspect, the polishing step further obtains

i pformati on about the bar under working as ongoi ng-work-informati on and
controls polishing of the bar based on both of the substrate information

and the ongoi ng-work-information so that the magneto-sensitive |ayer

included in the bar has a predeternined4farget resi stance value. In the

met hod for manufacturing a magnetic transducer, the

ongoi ng- wor k- i Rfor mat,j,on_aho t.he r_under pokishi.ng is @btained . and
ol shing. 6 P1iReEar A1BReBely the | Bn Hlie AREERGRC keRH i BindREEE Suieh

ongoi ng-wor k-i nf ornati on, and the sulstr information so that the

Tonet o- SOl  PETTAer OF ot taueme rtendih, SRt chonage R dreraEed: get
resi stance ancl ue. The,"ongfoi ng-wor k-i nformati on" containg all informgtion
about the Bfictionaagnetit@er %H%ﬁacﬁgV&H{?t’cq{’e°§t%%@Fmre°PBP§§l}e§ﬁtqrﬁ@nB r
under working. A nmethod for manufacturing _ a nmagnetic transducer according
to the secéelarargsecis siftamedeteptad | whenn\eleciremagnetiapprepertiesstalp the
calculating a first value constituting a part of a potential estimted

r esi st ance manufactfreihdIRagleanents arei messured.ecr Whenuthe clecigomagnetisst r at e
information to a predeterm ned operation using val ues previously subjected
to stati st peapenpiescafsthendRselerieyits iofgmangf fHini £hh smaghetiei leddsefipallyshi ng
step calcul ates the estimated resistance value by using the first val ue and
the ongoi nghtwihkdi arer Miasapednandonhe ohfeamolvaltib ngf ofhd hdebtrbmagnebrt t he
.9. estinmated resistance val ue reaches the target resistance value. 0 7 JUN

2002 I n t hpropdriied it @aldBatddaGhe mhékhn FalRORCIdrfeti RSt preliBferingtl val ue
constituting a part of the estimated resistance value of the

magnet o- Sepgbiaé. | MFE grobRRA 3 R6AsiA¥rdd fo RERE SRR LS ¢4 fORRIMA tRE MR! NY

the substrate information and the wei ghting coefficients obtalined through

h
t he stati sihca i.ng, i J: e8] J
cal cul at edh%tg} {)J% Rﬁgc‘?%grf ?r gs%ﬁt % @2%%%?5{6@%3%%%@?&?#%%@ }Il%l’? *
Pol i shi ng the bar piece.is controll.ed sq that. $he estinpted resistance
Vel e oachbm BFmiRk B BELikS oF Sk riRiot S, PickREscdt bRRERRoTRERSEC:
manuf acturing.a m i.c transducer can further conprise: a.step of
Cal cul at | NERAISEUGANE AR EORUTE (r AndpieT JUALeT OF SFHE-EEROBHIGY 1 osi st ance
val ue by subjecti t he .ongoi ng-wor k-j nf or ion.to a predeterm ned
operation using vﬂﬁ%é%etﬁ‘rogvil%ﬁ&“é\ﬁsﬁ?&s %g? bﬁr%l%?qwgﬁ%\éj%ﬁr@%%‘ﬁlﬁ@ as
wei ghting coeffi.cients, wherein the polishing, step calcu] ates the estinated
resi st ancetiarerstance yiahyges akthg bays f@‘mg pelghingand dpppitoEngdhemeasnt r ol s
polishing of the bar so that the estinated resjstance value reaches_the
target resvalume@d the uxesistanee evaldeRodheeretinadlyt 21Qys ridiea meameel dhe
transducer, the second value constituting a part of the estimated
r esi st anceremstaacefvalnes obgreeMR Sdmsiafithe haxg andes pobishing to by within a
predet erm ned operation using the ongoi ng-work-infornmation and the
wei ghti ng poaddtermemeds rabgadhadnidnicalgralibe sEwen sf thalregistoessvalge afnd t he
estimated resistance value is calculated by using the first value and the
second val tiee MRI filsiimgviohird bdetarice, $he anétinld ethisn, hbateveheertsirendiaed
resi stance val ue reaches the target io resistance value. 0 7 JUN 2002 In
a met hod f glie MRUh&ight ris Ngithinaghatnee.t r Biederoallyaarer shipgtHeorédistasreond
aspect of the invention, the substrate information obtaining step may

further obygjve &t tHeERR B BAE adsd i MR MeSgPisUd Rific BeéauRSiodtAnaR val ue
of the magneto-sensitive |ayer nade on the Substrate or a virtual

resi st ance - id A | [
e ot ancori MECh et MafRARES & ihbicnth (REFks CRRMY BipthchihBUTHAE
dat a about el&?ﬁl%ag?tb%[a Mﬁeﬁl%)t ai ned resi stance val ue or sheet

. c S . .
resi st ance VAl Ue 0 he "nagnet’o-sensitive | ayer or the obtained virtual

resi stance . . } T
As described above, a problem has heretofore existed: variation in

the resistance value or the dimension (MR height) of the MR element of the



val ue of the magneto-sensitive layer. In a nethod for manufacturing aZ
magneti c transducer accordirg to the second aspect of the inventi on(,] thJ(UN 2002
filmformng step may further format |east either a | eading conductive
filmto be electrically connected to the nagneto-sensitive |ayer or at

| east one resistance filmpattern for functioning as a dunmy, and the base
i nformati on obtaining step may obtain the resistance val ue of at |east

ei-t her the | eading conductive filmor tHe resistance filmpattern nade on

t he base, whereby the substrate information contains data about at | east
either the obtained resistance.val ue of, the |eadin onductiye filmor the
obt ai ned 4618 ARCRAZRRLE lwradtmﬂlx@bgwﬁawvmaﬁﬁﬁ ﬁ%r?ﬁﬁfzﬁ&n Be, the
polishing step can further obtain the resistance val ue of the resistance
film patternagpetite head whiekbydaere weigofwidillhorranyedr pecticatinnsnets
contai ns data about the obtained resistance value of the resistance film
pattern. disadvantmgeogsly manufacturest hod for manufacturing a magnetic
transducer according to the second aspect of the invention, the polishing
step may further Jhkeanveatidnnerdeisignedataievericomepthedfiregoingauropbemsonlof t he
magnet o-sensitive | ayer on the bar, whereby the ongoi ng-work-information
cont ai ns das aaralobjgct t dfetlob inverstionlitoepivide \vamethodcand dimn@pparatushfexd
aspect of the invention, a nethod for manufacturing a magnetic transducer
havi ng a mgaghfict@finibtd Yeadite trehandtaahd LhREhbl Gild AR ApPa3aERs oY
response to an external magnetic field conprises: a deposition step of

sel ecti vel ynARuflcBaril | afiagheBRONRIA SRR [ HANAYE! pRRsiBLE' Bfickal ned
substrate a cutting step of cutting the substrate into'a plurality of bars
each incl udgy | sth?ﬁ&@ -sensitiva.la - a. pal.i shhng:.sf ep of
pol i shi ng % hg&g@%gl,o ﬁ\%hg(rﬂéi ?r e g‘t&q{lgﬁi %&@e&# i %@?rgggglznagobpgi f\t{aﬁg&lﬂrﬁ or
mat i on abouyt i 0] Q- - 4 LAD~ cu ating
 second vaPuEtEn S et ABhey Brape AL R R SleMl A BhA AP oHRLR

val ue of the jmagnet.o-sensitive |ayes b ubj ecting the obtained

ongoi ng- wortd Y&d#’rﬁ?i(’gﬁﬁ?@%ﬁﬁpé’giﬁﬁrm‘ﬁé@'oper ation using val ues
previously subjected to statistical processing as weighting coefficients
and calculating the estimated resistance value by using at |east the second
val ue and cantrollin lishing of the bar so that the estinmated resistance
val ue react%%MﬁéR%&&g&HééN@ﬁ%Mgﬁ)ﬁl ue. In the nmethod for manufacturing
a magnetic transducer, a plurality of bars each including at |east the
nmagnet o- sensi t i veAcggrdingsteua firsin aspeckupsktihet apventosach viethpd ferrs is
pol i shed. The polishing step , - 12 ~0 7 JUN 2002 obtains the

ongoi ng- wonkannfastweingoa miagoetichgabaducardbaving la magnedosensiiive dayeme
second val ue by the predeterm ned operation using the obtained

ongoi ng- worckanging mmteleariaabredistanee ght tesponsetd iani extesnabiegnedict fielsugh
the statistical processing. Then, the polishing step calcul ates the

estimat ed rcemipiseaceavdiluwe Wyrmiighgstepe ofecebettiralye faminponat oleaspola shi ng
of the bar so that the estimated resistance val ue reaches the target

resi st ance wagnéto-demsitiveet hoerf on nManpraddterinifed@ BBSGLLS td ansiskiieste
according to the third aspect of the invention, the polishing step may

further Obtiﬁ:fdi_n?at‘i’émﬁﬁéi@ﬁ‘n%’ e oPfobRaififgen®sth 886n Rdut ot asthdther
magnet o- sensitive | ayer on the bar under wor Kking, whereby the

ongoi ng- wo ghg IS RErERE 02Tk SHRUCB RS M AindPe le dsBRhe thaERSS-SHERSE Wya2l ue.
In a nmetho or manufacturing a magnetic transducer according to
formed on the substrate, as substrate information before polishing; a
cutting step of cutting the substrate into a plurality of bars each including
at least the magneto-sensitive layer; and a polishing step of polishing the

bars, wherein the polishing step controls polishing of the bar based on at

least the substrate information so that the magneto-sensitive layer



the third aspect of the invention, the deposition step may further QOTrguﬁlmmz
the substrate at |east one r'esistance filmpattern for functioning ds'a

dumy, and the polishing step may obtain the resistance v alue of the
resistance filmpattern, whereby the ongoi ng-work-information further

contai ns data about the resistance value of the xesistance film pattern.
According to an aspect of the invention) an apparatus for manufacturing a
magneti c transducer having a magneto-séfsitive |ayer changing in el ectrical
resistance in response to an external nmagnetic field conprises: substrate

i nf or mat i on_qbt,ai,ni ans for obtaining,informat.iopn aboyt at |east either
" br edot er Anladeddpelia Bas ApseduEriiEey Hieh Ry AP o
magnet o- sensitive_|l ayer sel C‘aria ely forped on the -13 0 | JUN T002
Substrate, as subberibe mMethp quoﬁnﬁevgﬁéuﬁ&gi $hiTRgEpeHe shiangIneshs % or
polishing a_plurality of bars which the substrate is cut into, each

i ncl udi ng ®luralyat of %@rm@qkewl%m a4 lgast dhermagneteosansiiivgy lavn Isetutheans
for controlling the polishing neans based on at | east the substrate

i nformati ofrso thetbasee andyresich- sfribiet baes liaypolished. ud€be i polishanpastepas a
predeterm ned target resistance value. According to the invention) a nethod
f or manuf acbntrioby palishiypesf thehemdbasedoon Aitrigast thegstdteater mfsxinationfsor
reproduci ng i nformati on having a nagneto-sensitive |ayer changing in

el ectrical thestlsd atdgndto-seasitbrsiayep indudsd ennhe bardnst the predeterenifid ses
the steps of: form ng polished bars each including a plurality of nagnetic

tr ansducergrdtt aredRithfce f QalueRNUTBRS UF§ilktaa tER 0o A atibANS dosinacadr di ng
to the invention and cutting the bar into a plurality of head sliders each

i ncluding a4fdkBRtioP Ao URINE dubsiradP SHILIn a 6ta@eBdTord Stdrtthg Pyﬁélﬁiin%n, an
apparatus for manufacturing a magnetic head conprising a magnetic

t ransducer r?&ql g?g]&i hnf Wely [ A y ol ot er
changi ng ir?i‘ceﬁi‘eec ri ga rggids a%%@?%&fe@)énsgt 5 an g?%%ﬁgﬁé?é’gﬁgh field
conprises: _an r gt fo R terin nat i.c n r cQr.di ng
to the i nv«gﬁ’t‘?agﬁgg’r?g °§ﬁ&i“t§‘ia%§ b%%%értg‘[eu% F%‘rgrr%gPﬁ)luﬁgaléégh&gggg)gfc?%ht § bars
formed by th aratus,for, manuf.acturin magnet i c .t pansducer, into a
plurality Bf’ﬁﬁgﬁgg §%pd%ftgr She GUFRE Gg?%gggﬁelsélggﬁa&ﬁénf?ﬁ M c?‘?é‘i’r\gﬁrucer.
Software fqr controlli manuf act.uri ng .of magneti c .trapsducer according
to a fi rst?%%’éaeppg% p '“t?rté%ﬁ{‘ ’Hﬁ?&‘%ﬁ‘i“@n‘?‘%ﬂg"éﬁrﬁ% 1%:%9 p rmalt&“b?r JUN
2002 manufacturjng of a_ _magneti ¢ transducer having a magnet p-sensitive

| ayer changqfefgtl ing| the bags| cteBom dheesnbstrats odermatign akewt Yarsgnet i ¢
field, conprises a step of obtaining information about at |east either a
pr edet er mi fEpessehBlmafermedpothe sybrugtetandsnonti ve | ayer or a structure
including at |east magneto-sensitive |ayer fornmed on the substrate, as
substrate i nfor mafl vrethef doe mpanhufictwgngamdnageeme todnstuspr afcceslingdiol i ng
polishing of a plurality of bars which substrate is cut into, each

i ncl udi ng abhe firat aspegndtthesansntion enbpferthewtvongimse: restepnifraallcwdbtmg
controls polishing of bar based on at |east substrate information so that
magnet o- sensfifstwalthayenstitwtitigladhant dof lkep bientizd e stinpa tedatesisth nesdvihregef

resi stance value. Further, software for controlling manufacturing of a
magneti ¢ t thesddghetasanitiveadayer byf sulsbcrifnpadie oibdthgtepirfbembationyental on
may cal culate, a first value constituting a part of a potential estinmated

resi stance p\f@d{@t@rﬂi‘in@&%}ﬁtrati%ﬁnﬁémgvealmepgmoﬁsle S6hjebi@ ds Ud St afik#ical
information to a predeterm ned operation using values previously subjected

to statistineglesBIr}F 88 %i/?‘i%h@ﬁxg"‘b‘ﬂe;@ﬂéileﬂﬂs, GRRESifil tBR! SolisHIf g Rk WaldBates

estimated fesistance value by using at least the first value, and control

Li shi . ' . - . I h
Parger. rosths SepitieBeRRhe Moty WEBIREE: St TAERRR, VA i dBRIRa e
tict i d .of th tqld ti ,
whi'ch obt aPRLEHIG ohatiohak o A RE 1R SRR Biftg i v R8T Fishsh 0 i ng
wor ki ng, in ad(%i tion strate information, and controls polishing of

t
bar based &ATE® G’eilsﬁm&zgglt%‘-eﬁ

In the method for manufacturing a magnetic transducer, the first



both of substrate information and ongoi ng-work-information. In thi SOCASSUN 2002
sof tware for controlling madufacturing of a magnetic transducer may
calculate a first value constituting a part of a potential estimted

resi stance val ue of the magneto-sensitive |ayer by subjecting substrate
information to a predeterm ned operation using val ues previously subjected
to statistical processing as weighting (7‘oeffi cients, and cal cul ate a second
val ue constituting a part of a potential "esti mated resi stance val ue by

subj ecti ng ongoi ng-work-information to a predeterm ned operation using

val ues preyjQusl i ed t takl sl cal.:pr SSi Lahti

coeffici entvé@an%n%gméﬁﬁgt gas ga%o?)gn?llg%l g%é@?ﬁ%‘fegésggcg?‘g%gﬁégmva uethl?si ng
both of a first_ and second val.ue, and c$nt ol rpgl{shi.ng bars so that the
estimated FARELSTERSTIE, eE 45 cheated PUrhe prdelSruned RealonPPRar o
for controlling manufacturing of gnetic, transgucer accordi,ng to third
aspect of F%sﬁb&ém ni\-fwmt?%h?nmhwwg g cosifents 20t medyt ogh
magneti c transducer having a magneto-sensitive |ayer changing in electrical
resi st ancetha statighined Progespingxand the estigratedcresistpace valys isealcylatedt r ol
step of controlling polishing of a plurality of bars which a predeterm ned
substrat e Byppingi firstgradue.- sBokishingeof therbarsisgontmlled smdhat rtbleudi ng
at | east a magneto-sensitive layer) and a step of obtaining information
about a baestimdé¢ed pedistzncegvadse rngchesghedakgetnfesistancewhlwnd a step of
calculating a second value constituting a part of a potential estinated
resi stance val ue If a anettwdefod aenafadctwink ayfiaghyticWphRedudeg stcontiagned
ongoi ng-work-information to a predetern ned operation using val ues

previ ousl ytisd! Bire hBedtofStht idfdntiin, RheCRfbwtfitedinfih SHibh btaifing st 2002
- is coefficients, wherein a control step calculates an estimted

resi st ancem\é@l S5t étsié&Qt %tﬂ&%?re&i@?aﬁ&cﬁmemﬁ HEe&nPeéiéU&tnrc@HﬁalB@!dfs hi ng
of a bar so that an estimated resistance val ue reaches a target resistance

val ue. Sof ' ' ' i ducer
accordi ng %%@ﬁé’%?%géﬁgﬁé g%e?hﬁeﬁg% Z’ggﬂgfﬁgéeﬂr#tﬁ f%fr[l)r aam{r?!gﬁg% g@%ﬁéﬂ&%
estimatingy el el 9&&%&%@&%&? e & é&ec%ﬁ#i g”&t &o%]flgt &é’s?séat%%r 'nha
step of manufacturing a nagnetic transducer having a nagnet8-sénsitive

| ayer changing in electrjcal resistange.in response ta an.external gnetic
field, confriieaent as sell Pherel theitspitpdiamason ot s At oy

pr edet er m negel subs rat?1 sgjgg.orti ng. t he magnet o- sensi ti.vE | ayer, or

structure PhidagheHbesthe ohirinedrentainnee Y Tueam TRAet rastancs YRige s Whhe
substrate, as substrate ipformation befqre paolishing, and a step of

cal cul at i nB&grete-sensikivee lavnts oF tihei Abtained rvirbralaresistamce ayalye; Pgré!"éd

resi stance value of the nmagneto-sensitive |ayer by subjecting the obtained
subst r at e MAEHEHASLBFIIVE 1&Y9¥-edet erm ned operation using val ues previously
subj ected to statistical processing as weighting coefficients, and an
estimating step din a2anethogtfonaamelagtuiingecn agastisttampeducer aecondingitag at

| east the first value. Software for estimating a resistance value of a
magnet i ¢ tthen§dslc aspectcaf theinventiorns ehenderespiaon s6ép trhey duethart farmventt i on,
conprises a step of calculating the first value, and a step of obtaining

i nf or mat i clkeaab@ither hakeadiercopduetive idmaso degelavyriemlik -conhectest twrtheand a
step of calculating a second value constituting a part of the estimted

r esi st ancemegndeo-bynsitivieedbiye diheatoleabineshe ngsistgnver Klmnfpatt@dd ofort o a
,0 7 JUN 20U2 -1i predeterm ned operation using val ues previously subjected
to stati stfigRtioMifgesd QGnaAhyV\ehd Bhé Babsaatd isfoemiation \bisyaghihg Mp%h%'rmt i ng
step calculates the estimated resistance val ue by using both of the tirst

val ue and §haiReReNdsiBhHE vallel ¥PAE]hAf efitiel TREI1PAdiRg ST RIcBVeiMRI¥e of a
magneti c transducer according to a third aspect of the present invention

which is fgfe ?égigﬁﬁqgler@lrﬁ‘ﬁ)a%&% fa{a%l on ‘%ﬁ% HhiReatd 2w r@by he substrate

rr:agpet o-sensitive yer | i’i ste n'fanu f’iCt uri ng a n'agnet! ct rans_ ucer
esponse 1 BuaauPE: Rintall R BUE Bt "ahp ofuBE BCRLLERCHMS G

1Oy REE e LTI % G DR S R " 9 2

magnet o-sensitive layer is cut into, each including at |east the

magnet o-sensitive |layer, and a step of cal culating a second val ue
constituting a part of a potential estimted resistance value of the
magnet o- sensitive | ayer by subjecting the obtained information during
working to a predeterm ned operation using val ues previously subjected to
statistical processing as weighting coefficients, and a step of cal cul ating
the estimated resistance value by using at |east the second val ue. A system

Y e - v o o,

-




-1s predeterm ned substrate supporting a magneto-sensitive |ayer or 87 JUN 2002
structure including at 'l east’ a nagneto-sensitive |layer forned on a °
substrate) as substrate information before polishing and control neans for
controlling polishing of a plurality of bars which a substrate is cut into,
each including at | east a magneto-sensitive |layer, wherein the control
means controls polishing of a bar based on at |east the substrate
information so that a nmagneto-sensitive8-ayer included in the bar has a
predeterm ned target resistance value. A systemfor controlling

manuf acturing of a pagnetic transducer according to a second aspect of the
present i nvesstace R ®AtSBRai ns i nformati on about bar under polishing as
ongoi ng-wor k-i nformati on, and controls polishing of the bar based on both
of a substrate inimammethod fordnanhufantyoinggr magnaticf tyanedweny. acsordigigein f or
controlling manufacturing of a magnetic transducer according to a third
aspect of wheeqebkeamspecihvdntheorinventioh, iin additiom toabhd afitstr aspeaf the
magneti ¢ transducer having a magneto-sensitive layer changing in electrical
r esi st ance pblishgpstepefurtha@nolebaies heforiRgiet aboiit edbart amder Sesrkingtaol
means for controlling polishing of a plurality of bars . which a

predet er m gggoinigbworktiffor It hAd dditroRaRisking ofithe ar BY&Id bA Kdth 1 nto,
each including at | east a magneto-sensitive |layer, and nmeans for obtaining

i nf or mat i 0gf 8RO YubsH% & FforRERTorP RhH Yhe éh Fbin SWRLINGA KtibA <0 tHRlti e and
means for calculating a second value constituting a part of a potenti al
esti mat ed j t:0- It a | i an
bt ai med | BT epeReHfYd Baf frIRQRRIG, R Bt M pr¥ Rttt T

operation {; val previ ously subjected to statistical processing as
wei ghti ng g%%%%?%%é#ﬁé?’mherein control neans cal cul ates an esti mated

resi stance val ue sin t Jeast the.second value and controls pokishing
of 5 bar so that 1 4% Meed R impdRetiine. ¥ Sfnlle, il dne ance
val ue. A conputer system accordi a first .aspect, of the, present

Avent i on. OREPI-VeHEBtP At aPaEt She dyoRnden ggHEking 15 aheaedr andvi ng a
magnet o- sensj.tive |ayer changing in electrjcal resistance_in response to an
ext er nal nﬁ@idébincg f il d,th%orrg?l' set meantralled omagedi ngni nbethat ¢lon hsout at
| east either a predeterm ned substrate supporting a nmagneto-sensitive |ayer
or a strucpugeingneprkfinfprmaticsasand Hegyneukstsetesiinfoymatagrer sd othatedthen a
substrate, as substr ate information before polishing, and control neans
for cont r omagnetpsensitiveglayfer anpludgpdain tle biardeasstivhprédathemsuddtasged i s
cut into, each including at |east the nagneto-sensitive |ayer, wherein a
control neassdsizarer oivalyml | shiTlg of“oagbarg-waslkednfonmatidniastonatainbst aHt e
information so that a nagneto-sensitive |ayer included in the bar has a
predet er m nefdrinatpel ab@ast tHednaei tvellfl uadeA worigng ahd thstsermaoco fekimed ba a
second aspect of the present invention, which obtains information about a
bar under pié bahunhdedw ¥ Ng-wWor k-information in addition to substrate
informati on and controls polishing of a bar based on both of a substrate

information and ap QRERLAFoMRhKnifakOIR i@@na%xé_t%%xﬁd_u%&ﬁta@ml%ﬁﬁgrt@i ng to
a third aspect of the present invention) which is used in manufacturing of

a magneti cijhd afdnAchsPait B9 thd ihvéhoA00%ay 2RuthdPIRBRIAISENE LiMp oAy er
changing in electrical resistance in response to an external nagnetic
field, co 1 . cong r f Lol i i ghi a .o} ity of
bar s whi onCASFRAEETh Bt RalEe  AneHRbng o PP A ROl B ey er
is cut intg,._. [ ' { : - Jti Y. means
For obt ai nf eSS HakE ok e dhee FAE iR R ERRichliLE oh oK
ongoi ng- wot ks i nf or mat i on d nmeans for .cal cul ati a_second. val.,ue

conot 1 tut | HREREHIA i & BrpdERPrart cnetariiy fomirdfed ESGRREY SibiEried
magnet o- sensitive | ayer by subjecting the objfained ongoi ng-work-jnformtion
to a predeﬁ%rﬁﬁ?‘ﬁéﬁc%w%ﬁqséw&@ﬁnﬁe tRg cREHIFIeNtS) WW&}’S}%%dP?féghmg
statistical processing as weighting coefficients, and cal cul ates an

estimat ed PP erlgniateq theestipmatedwesiatanea yalunby ssteg dhe fivgk vakee @6t r ol s
polishing of the bar so that the estimated resistance value reaches a
target resthe angeingawork-inforomasiare andyeomérola podisting)of they bavsotthaddbect of
the present invention, which is for estimating an el ectrical resistance

val ue of a magneto-sensitive layer in a step of manufacturing a magnetic
transducer having a magneto-sensitive |ayer changing in electrical

resi stance in response to an external magnetic field, conprises neans for
obtaining informati on about at | east either a predeterm ned substrate
supporting the magneto-sensitive layer or a structure including at |east a
magnet o-sensitive layer formed on a substrate, as substrate information

T o r - B - T T



usi ng val ues previously subjected to statistical processing as wei h]tilem 2002
coefficients, and estimating neans for calculating an estinated reSistance
value by using at least a first value. A conputer system according to a
fifth aspect of the present invention obtains information about a bar under
pol i shing as ongoi ng-work-information, and neans for cal cul ating a second
val ue constituting a part of an estimted resistance val ue by subjecting an
obt ai ned ongoi ng-work-information to a $redeterm ned operation using val ues
previously subjected to statistical processing as weighting coefficients,
wherein the estinpating nmeans_ cal cul ates the estimated resi stance val ue by
usi ng bot heséim@\m? resistange valuerppchee tgeéampt\r&ﬁman% ¥&MBut er system
according to a sixth aspect of the present invention) which is used for
estimating an el datthecmethed fex manufagturingfa magnghisttsanedugeri vhe fipbr in a
step of manufactur ing a magnetic transducer having a magneto-sensitive

| ayer chanvilng iconsfituting cal paeti of aihee dstimatedoreeistaneen wluer 0l thegnetic
field, conprises neans for obtaining information about a bar as

ongoi ng- womkignhetoserditioa)lager isigbtxihed hynghea ppédetalmiiye dbpbrttsomiisiig a
predeterm ned substrate supporting a nmagneto-sensitive layer is cut into,

each i ncl ughenguisitratefifotigtiBRIR] €hé evsighting dorffidientnebtaBAES thesugh
calculating a second value constituting a part of a potential estinmated

resi st ancetheattalistical prE@RSTHY, 2SR ¥StihRNEd rBYistaticerdluRdsaalohdédqed
ongoi ng-work-information to a predeterm ned operation using val ues

previ ousl ybfﬁ ‘#&iﬁ%%ﬁg A3t SVethb Sddf %Fp(fj i« R W kAR NEh S1bh NIPEAShInE bENt S,

and 07 -22 nmeans for calc ting an estinmated resistance val ue

by using afl G?lﬁgiéc'%eisscﬁmpﬁlé’cf‘%U%hagt%%re&ﬂﬂ?gﬂ %,%q%ta%%l?éﬂ{e%%hﬁ% es and

advant ages™ of I nvention w appear nore omthe

descripti on. @E§ | PTI OF THE DRAWNGS FIG 1 is an external view
of a generaet§§hﬁ:§u?agﬁ8§£8 an apparatus for manufacturing a magnetic

head di .enbodi f [ ion. FIG 2 is.a block di
of a gener al | confPa EReh 1 el I mBSAAGRTIRE £ imaeidil wreRer 0

manuf acturing _a gnetic head sho in FIG 1~ FIGS, 3Ato 3D.are schematic
1 ust r at | G Ferther EPTRIESe, amsteral selowlatingor eroRd yajug sepsiityidng a
according to an enbodi nent of the invention FIG. 4A to 4C are

i | lustratimH$ ofefst &pe f eptigvatad t mesistatireof VAloe 3by  subjecting  the

ongoing-work-information to a predetermined operation using values
previously subjected to statistical processing as weighting coefficients,
wherein the polishing step calculates the estimated resistance value by
using the first value and the second value and controls polishing of the bar
so that the estimated resistance value reaches the target resistance value.
In the method for manufacturing a magnetic transducer, the
second value constituting a part of the estimated resistance value of the
magneto-sensitive layer is obtained by the predetermined operation using
the ongoing-work-information and the weighting coefficients obtained
through the statistical processing, and the estimated resistance value is
calculated by using the first value and the second value. Polishing of the

bar is controlled so that the estimated resistance value reaches the target



FIG 5is a flowhart of control operation of a conmputer shown in FIGS. 1
and 2~ FIG 6 is an illustriation of an exanple of a cut pattern of ua7\/\@m¢r2[][]2
FIG 7 is a plan view of an exanple of an arrangenent of MR el enents, RLG
sensors and an Msensor in a bar FIG 8 is a table of types of substrate
information for use in calculation of an S val ue and

ongoi ng-wor k-i nformati on for use in .0 1 JUN 2002 -23 calculation of a K
value FIG 9 is a table of an exanpl e &0 -coefficient values of weighting
coefficient nanes corresponding to individual pieces of substrate

i nformati on and ong I ng-wor k-informati on~ FIGS. 10A and 10B are cross
sectional IPFERRNGSH ‘gl‘-@tructure of a magnetic head to be manufactured FIG
11 is a plan view of the structure of the magnetic head to be manufactured
FIGS. 12A and 12Bn#& meshod fasmanyfactyring smagnatie trapsdygey aggosding,to

resi stance values of MR el enents of magnetic heads manufactured by the

net hod of timerseterd aspeny of thegneentiomethe saathstratengfarmation chtainingatep
respectively FIGS. 13A and 13B are a graph and a plot of a state of

vari at i on may MRrthesi shtame eatvlase itlfer MR rebmstantes valueragredieet resmtance

manuf actured by a nethod of manufacturing a nmagnetic head of the related
art, respeagiluyafythenthdgn@eto-tédnsisivenldyek uahdat oronhefsubstexanit @ ofrtaal

bl ocking pattern for cutting a |arge wafer into bars.

resistance value of the magneto-sensitive layer containing a crowding
resistance component as well, whereby the substrate information contains
data about at least either the obtained resistance value or sheet resistance
value of the magneto-sensitive layer or the obtained virtual resistance
value of the magneto-sensitive layer.

In a method for manufacturing a magnetic transducer according to
the second aspect of the invention, the film forming step may further form
at least either a leading conductive film to be electrically connected to the
magneto-sensitive layer or at least one resistance film pattern for
functioning as a dummy, and the base information obtaining step may
obtain the resistance value of at least either the leading conductive film or
the resistance film pattern made on the base, whereby the substrate
information contains data about at least either the obtained resistance
value of the leading conductive film or the obtained resistance value of the
resistance film pattern.

In this case, the polishing step can further obtain the resistance
value of the resistance film pattern on the bar, whereby the
ongoing-work-information further contains data about the obtained

resistance value of the resistance film pattern.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi nents of th
invention will be described in detail below with reference to the (ﬂr inldQSZDUZ
[ Exanpl e of structure of thin fil mnagnetic head] Prior to the description
of a nethod of manufacturing a magnetic ~0 1 JUN 2Bl ~t -24 head according
to an enbodi mrent of the invention, a structure of a thin filmmagnetic head
to be manufactured by the nethod will be first described. FIGs. 10A and 10B
show a sectional structure of the thinllirl mmagnetic head. FIG 11 shows a
pl anar structure of the thin fil mmgnetic head shown in FIGS. 10A and 10B.
FI G 10A shows a Cross s%i%qon tngéen on the line A-A" of FIG 11,

per pendi cul ar t olR@ Beth AGRENEY A Sagndiiransiucer agcoXAMELY cross
section of a magnetic poIe portion taken on the line B-B of FIG 11

paral | el tthetseeond aspectrafrifiesimvention, the polishirg stepnmgyefurtherceltsis a
conposite thin filmmagnetic head having a stacked structure conprising a
repr oduci migmesatbrl valeoof a paedetgranided poetion difthe reagneOsdrmitive ilayery on
one surface (a top surface in FIGs. 10A and 10B) of a substrate 101 as a
waf er (a lasde bat, hwherdbystheadhguingiweaktiiformatiehveoanainEhé¢ataepbodutiieng head
110 has an MR el enment. The recordi ng head 120 has an i nductive magnetic

t ransducephtdieddibsdnsadrevallle.i s made of, for exanple, altic, i.e., a
conposite material containing alum num oxide and titanium carbide (TiC), or

the like, and thacktvdskgess 4hengaf a'sﬁe@cb%'ft tHO R veRLiohO" a CXATRbLA- fdhe
insulating film102 is, for exarrple about 1 ~ mto 10 “min thickness

al ong a Stxﬁﬁﬁh t @i C&'x% ﬁ%fsﬁﬁéef A0 ﬁ]da Eﬁ’%gr?et? -delfls W%é% xa”d IS

made of an 1 nsu atln mate alum n oxI

exanpl e, Bgﬁgng hx&‘%ﬁ%%nwi «%%,msan‘éﬁ‘?ﬁ zae%PBHsee %(’#Qit %féegfléféa%%%cflﬁgf@d“c' ng

head 110 ha ruc ure co rls irs

f t shield fil JUN

slhirZI dsg:a% qu'moefilﬂf ag1n egb 88nd éeIP ef fSF e&tlﬁg'ongowgﬁ 6’# lrz? %nsahl ating
film102. The first shield film111 gthe |eldf|Im115ae
provi ded f’ba%'gtﬁe%‘%“é‘aqlY‘i/ layere og ?h%”%%ﬁ §IRRed & g SULURE step,

cutting the substrate into a plurality of bars each including at least the
magneto-sensitive layer; and a polishing step of polishing the bars, wherein
the polishing step includes: obtaining information about the bar under
working as ongoing-work-information; calculating a second value
constituting a part of a potential estimated resistance value of the
magneto-sensitive layer by subjecting the obtained
ongoing-work-information to a predetermined operation using values
previously subjected to statistical processing as weighting coefficients; and
calculating the estimated resistance value by using at least the second
value and controlling polishing of the bar so that the estimated resistance
value reaches the target resistance value.

In the method for manufacturing a magnetic transducer, a
plurality of bars each including at least the magneto-sensitive layer is cut

from the substrate, and each of the bars is polished. The polishing step



shield filnms 111 and 115 are |located so as to face each other with the M
film 113 in between. The fi'rst shield film111l is, for exanple) abdui GUN 2002
~mto 3 ~,min thickness and is made of a nagnetic material such as an
alloy (NiFe alloy) of nickel (Ni) and iron (Fe). The second shield film 115
is, for exanple, about 3 ~,min thickness and is nmade of a magnetic
material such as NNFe alloy or iron nitride (FeN). The second shield film
115 al so functions as a first magneticl$ol e of the recording head 120. The
first shield gap film112 is an insulating filmfor providing electrical
insulation,between the first shield film1111 and the MR film 113  and the
second shioBFaITGaE (e Mo ARTaoR ARG, The PAT YRR OB &Y i cal

i nsul ation Pe ween fhe secqnd shield film 115 and the MR film 113. The MR
film113 ic8 %ﬁ%&ﬁscié € 1 PCPBAV RO Pt R PIRAPtaTENIgH APeRAGHEY iUSIRE i ng
medi um (not shown) and is | ocated close to an air beari rtl_g_surface_ 103. The
MR il m 1Phtaigegrongoingvrksindogmation andvibg meighting speificients oRiringd ect, a
GWR filmexhibiting a GWR effect, or the like. The AVR film has a

si ngl e- | apbreughs the stakistiealderooéssingm ghben cthapelishingestap isaldulgtemthvr
effect) such as NiFe (permalloy). A GWR el enent conprises the GWR film

havi ng t hestiiteflfresistamddvaiventsy usiniguthe)second eadmebell cantrdls pbhgbimgl t ype
(antiferromagnetic type) film an inductive ferronagnetic type film a
granul ar tofpghd idan sa TR thenestimated résibthn@dOAhludbreichest thR)takgee il m
a spin valve type filmand the like. O these types of filnms, the spin

val ve typgeSitiddd valug, consi dered to have a relatively sinple structure, to
exhibit a great change in resistance even under a |low nagnetic field and to

be suitable for IR$SmRERGH Er @AnutidiBrdica ﬂiaéfib%id\ﬁafxlishﬁbézl&cc%_?&iﬁ&efb the

end thereof close to the air bearing surface 103 and the opposite end

t her eof | | i - r

determ ne§28f‘£‘%ﬁ§§§?ér¥g%%eg%e%§’ %geﬁal%n%%é?ﬁg% gf‘?%{ve\}ngn(gm%?gt&erti es:
t he short g j r | i h i r i QUL Lt 00
short an @thlggig&?{t 9%1&5(;1:&8' ég%#ég’%lrlﬁ%&;h)g?éé{ls?? ghgg’d%?ﬂ%?es q%}'? lr?n%% and

t hus reduces,t repr,oduci output ,duge to a.rise hn.t erature_and al so
the' I ongedtt ot ABUPRNEREhS ThReebY e, hebihe ioriinErBALBp LoRiBRE o o
reduced tg‘@gugg an ext g% tg . the. repr.oduci ng output and the MR film 113
are not ad\#&# 8P§t f PELA18E %mtel‘?é‘qq #lUen tenperature. The thickness of
the MRfilm11l3 |s a f W(L ns of nanoneters, for,K exanple. The film113
has a shorter Iek@lahmie Qh PorgnappfactHring: 3 magnetys A8 sAneenAoePr HMEstd f ace
103 (hereinafter appropriately referred to as. a track width direction)
conpar ed tthe tthirds pprect ofjthedinvepgion] the depositios step may Gupher farmon “the
second shield gap filml14 and the second shield film115. A pair of first

| ead | ayeithe 1s1tgn,stmec nt i leapbomectesistanse t Blm apattene oot fusctigingng tafe aVR fil m
113 in between in the track width direction, is electrically connected to
the MR fi ldwmng, @t hhef pelishihgr stepl sy bhiainstid desistdnrenwdlwetofictdre t he
first shield gap film 112 and the second shield gap film114, simlarly to
the MR fi lresitflshceEddin fpatsérn, eadhekralyerthel 6ngsingt work-informHthor? 2t hed7

exanpl e, about a few tens of nanoneters to a few hundreds of nanoneters in
t hi ckness canthinaelata abaak ehe sedistinteerataepf tise nesistapree fHnepattepgnet film
and a conductive film Incidentally, the permanent magnet film
intrinsically fupetdrdigg aso aahi la@pé&tr IPRh¥ i Mvehthd@S)arPUippdiatasr mnent
magnet filmis treated as a part of the first lead layer 116 in the

enbodi Menim o iR cRSFiAR S haBREAB trhhbduisr HRVRMPLT nié%né%&%@ﬁkﬁ)veamaféﬂ oy
(Copt alloy) of cobalt (Co) and platinum (Pt), and the conductive filmis

made of, f ¥ n : S

el ectri caf’ﬁf‘}n 0 nect% 1ee f}ggggﬁg%}% ﬁrelEl%lgP gtgﬁ g(g%(ﬂl %ﬂ{/tjg?@gll or?%ltcﬁglgl de
opposite t ir I S 103 E S ad. | ead

| ayer 117 cgﬁgﬁs& fr%%%%#g f#{féﬁﬁgggg lg;ﬁ;ga?nﬁg t%é/%rrl% talﬁg s(lﬂggﬁglﬁl osite
to the air_pearing surface,103. .Each second | ead,| aye 17 is _forpmed

ot ween. t fRAFRIALEoR APRRERE IERe qifieila BERARERntBd oStk fr ' R, 114,
simlarly.t ach fir st lead |ayer 116. Each second |egad | ayer 117 is nade
of | For SARTABIE dtfpleAst By FasRRS PeRdtien YR aGe PI0vPLIG [P RYa RE Ehe
structure conprising a wite gap 121, a photoresist 122, thin filmcoils
123) a photoresist 124, thin filmcoils 125, a photoresist 126 and a second
magnetic pole 127 in order on the second shield filmlIlS. The wite gap 121
is, for exanple, about Ol ~mto 0.3 p,min thickness and is nade of an
insulating material such as al um num oxi de. The wite gap 121 has an
opening 12l1a near the center of the thin filmcoils 123 and 125 so that the
second shield film 115 and the second negnetic pole 127 are brought into

o .




t hi ckness of, for exanple, about 1.0 ~mto 5.0 ~,m The throat height
refers to the length of thé photoresist 122 between the end theregf7 CJUNS?[IUZ
to the air bearing surface 103 and the air bearing surface 103 an

¢dom nates recording properties of the recording head. The photoresist 122
is spaced slightly away fromthe air bearing surface 103 so that the second
magnetic pole 127 is in contact wwth the wite gap 121 near the air bearing
surface 103. The photoresist 122 has -t} sane opening 122a at the position
corresponding to the opening 121a of the wite gap 121 so that the second
shield film 115 is brought intg contac ith the second magnetic pole 127.
Each of tRebstrate.fa9 pubYirrte inlprmadion e&? podishingnpplshingomeans fori n

thi ckness and is located at the position corresponding to the photon esi st
122. The pblshingsa pluraiity ofrhars sehighethgrsiisteatetis caisnte gagbungludigs
properties of the thin filmcoils 123 and 125 and are fornmed at the

posi t i onsat denets phedmagnesotseasitiven layérn and| poliskBingndonias} meapscforvel y.
The second magnetic pole 127 is, for exanple, about 3 ~min thickness and

i s made otomtroHgnethecpohislenganeansbassd bhfeg lahstotheosubstomteninformationhe
second magnetic pole 127 extends fromthe air bearing surface 103 to near
the centegg Ofthhhethdi maghfoedinstive?31ane lisehalyd | tni fheéomaacthad th the
wite gap 121 near the air bearing surface 103. The second nagnetic pol e

127 is al gﬁd&eﬁﬁgﬁ@pgafg& RedibEireGRildeshield film 115 near the center of

the thin m col 123 and 125 and is nmagnetically coupled to the second

hield film 115. LE+:RAl e, 1 t i i f
ShLel 11 115 AR50 0 JRONGALEBEL S0 20l e Sy REABE VAT e,
fil 115 | t § t . |t . | d j t.ri [ th
1L 115 e Chedd a5 el fofbadind b LepRajte) 11y

preventin n i ncreaﬁ .in an effective track,w dt hhr esul ti r}g from.alspread
of nmagnet ofmgiion,ayipg &erf@?gflg %ﬁﬂsﬂﬂﬁe z}y[elrn& FREH SN ?48??6% track.

I nci dent al I%(, an qvercoat 104 is for mid on thefr or di n?s@g%ﬁd 120 op t he

si de oppok§etanse tRIeFRMSI AR FXHeHE! ApgRetie IFE%C?WPF—“ the hepHA10B) so
as to cover the overall surface. The overcpat 104 js, for, exanple, 20 hum
to 30 ~m fermingcRelishedahars saghdaclding & Riunadity of magsetis| transdueprs

al um num oxi de. Incidentally, the overcoat 104 is not shown in FIG 11. The
thin fil nmbyetymeethodhferd manifagtumag b qragreiae trapetuger escording e thens in
the follow ng manner. That is, the magnetic flux for witing is generated
by passi nipvension; eandt futtimgd thee hayi intd [ampduralityl 28 hedd 188Bdexs eagh
recordi ng head 120, whereby information is recorded on the magnetic

r ecor di nginddding {tlekst hoem)agnetsd gaakduegmetic field fromthe magnetic
recordi ng medium (not shown) is detected by passing a sense current through
the MR film 113 Aécorfimg apr tiudnngntiend ahl @ppahetnabfor mhanufactwningeaor ded
on the magnetic recordi ng nmedium (not shown) is read out. Next) an

appar at usniphedicTEhéWl tOMpFRANE a6l UapdedicTRFaAbd Gedieafdragepisdidngo an
enbodi nent of the invention will be described. Since a nmethod and an

appar at us;f{rmaeionl aedwWhiNe anABAERF QIRHiISE | Vel RBBREinS Ofd VElEEtrad A
system for controlling nmanufacturing of a magnetoresistive el enent)

sof tvare {Qfisiaslct "R | PlspdnsSitst GACRxYANAE MaghdRINGIIAr @3 inirises: ehgnent
and a conputer system according to an enbodi nent of the ~0 1 JUN Zuul -30

magnet | o AERE Satorh ra oy uld R Br Rt RRR R b e
Dl ow 11 SRUMRGE 80 Hehbh DAtk 6ls cEAGLAN AL B ABRYAL U5ho

manuf act uri'ng magneti ows an “el'evati onal Eelrnfal
o an”enbbitAeAPRars RRERF heRkiSherRRE BaeesicrAngRRBR. et PlRHEY on of

mainly a control..circuit of the apparatus for manufacturing a magnetic head
shown in {z?geacg_sh eﬁ?&‘a‘r"&!‘ﬂ@‘“ﬁ tqﬁﬁ?ﬂﬁ%mﬂgnl’f&ca?rﬁﬂ@%é‘fqrc head accor di ng
to the enbodi nmen fjs an apparatus for po{,i shi,ng &Ocut surface of _a bar
formed by cutti r%o&wm der ﬁamrﬁ@nag mnanyfactyrigg eloa gnagnetic dxaneduee t hin
fil mmagnetic head which has a stacked structure conprising a recording
head havi agcoadinghdacei fiestmagpest of tthenprrreat Mmyenfian, | whichhds ausashisduci ng
head having an MR el enent for reading. As shown in FIGS. 1 and 2, the

manuf act uri ng appar at us



conprises a jig 2 for holding each of bars 1 cut froma wafer 14 in tfe'J
formof pattern showmn*'in FIG 6, for exanple a bar code reader 4 fop UN 2002
reading a bar code 3 on the jig 2~ an RLG sensor resistance nmeasuring
instrunent 6 for neasuring the resistance values of RLG (Resistance Lapping
@Qui de) sensors (not shown in FIGS. 1 and 2, see FIG 7) included in each

bar 1~ an M sensor resistance neasuring instrunent 7 for measuring the

resi stance value of an M (Magnetic) sehbor 59 (see FIG 7) included in each
bar 1~ and an RLG working machine 8 for polishing the bars 1. In FIG 1)

the RLG sensor, resi stance neasuring instrurent 6 and the M senso

r esi st anc&anufgcturing o gomagneticlyans Wriuh%\tlpan%maenﬁp@en&ﬂ% T The

RLG sensor_and the M sensor will be described |later. The bar 1 corresponds

to a specichpuginaipelecticalaasiftappe i reggonsado awy extermal mragnetitlieldt uring
apparatus al so conprises a conputer 9 for controlling polishing of the bars
1~ and a nemprises3a( rabep shbwoblainirgs infgrmafich abontf at r ledst oelthen ahe
conputer 9 executes a predeterm ned operation. The nenory 13 conprises a

waf er i nf preddatepminsédrabstrate foppatorg nugnetesensitiventayenor aostbactlaecr i bed

| ater an S value storage 11 for storing S values to be described | ater and

an oper at EMudmg‘bfdtcle@@t _ina@hetdtZerdditive t Riyen afopirdebar theatibaneital iagn
coefficients to be described later in tabular form A rewitable

nonvol at i kgh&RHR InforaltRR tﬁ@&’%@lﬁ&hﬁg} shgal |y Erpsaldfiydl ogdrepmakie ROM
(Read Only Menory)), a rewitable volatile nmenory such as power-backed RAM

( Random Ag&ﬁlﬁ-aul\(?é:g?ﬁ%hin%ro d&'?(l)ﬁ%%gygg%aqg witig ﬁ&g%mqumf ¥n ,ea nwever,

the menory 13°1's imte ove-nent 1 oned nenories. ext er nal

s Hor T ) Eior i Cs.
ragnet o- onr s 44 Ia R0 3R ehRR) Aileftve SR WREMRT oBl “fatibl SeBh 7, |

ided to hold on .t.he f th f h th t I b 1,
i et netaBls nefrling, b Baf dfadficon B B8k SRRatly RrkHAT R et Wi o

ceramic material or the lLike.. A bar, numher.for, identifying th ar hel d
by ¢ e | | Bagelo sRasi e A TainvEFL R e bBT hases Pipdetadningd fieetode 3
wi th any of shades of black. Each bar 1 cut fromthe wafer 14 is held by
the jig 2T¢8taRNGeM#e"bar nunmber corresponding to the wafer 14 and a cut
position of the wafer 14. The bar code reader 4 can 0 7 JUN 2002 -32

i dentify the barFurtherd sgfiware forgconyplling dnagufactupig obde magnetige jig
2. The bar code 3 may be attached to, for exanple, a rear surface of each
bar 1 opptrainsducer tansordingade ah&irstofaspecheofpshe sheebendr invemtionkenaynst ead
of the jig 2. The RLG sensor resistance neasuring instrument 6 i s provided
t o measur ealchtateesa sfizstc valaé uenstituRng sensotsobda potenSBm]l estimstedn in
FIG 7. The RLG sensors 54, 55, 56, ... are not structural conponents of

t he MR el eemistanoat vadge svAnmmghiekorsgaditivendagar vbyg sabjectingt cubsamte

dummi es, which are used as one of indicators for determning the timng of
st oppi ng frefor@aitios tolhprédaensdned epéritIcasifgasluen@révistislyRivjecteds
provided to neasure the resistance value of the M sensor 59 shown in FIG

7. The M s&B6atistddhligrodesbifgnasMieigHtind v Mididts, aadtaliuTBES eSithatedt he MR
el enent to be manufactured. Simlarly to the RLG sensors 54, 55, 56 and so

on, the M&8§8seice 3AlhE BSRLMNAY IaSt ARG Bfsti vilue2hAlSon@Foldsd1fhiflk HfNg t he
timng of stopping polishing and is not a structural conponent of the MR

el ement. {he g@f”ﬁ{a& %%téith%rde%s Sled ’}BQirs'E@ﬁd'eO’\ral§eYi‘éétQ§esa’EHFp'i:&%%‘ctlerm ned
operation coefficients. e wafer Information contains, as well a at a
about the htsel f, data about the structure made on the wafer 14,
such as I\E@%@éﬁ%%&ﬁéto 113-3, the RLG sensors 54, 55 and 56, the M sensor
59 and | ead condgctors (4he second |l ead Layers 1 ... The wafer_information
oot agponds o BEkuaTe ' SoRAEMISE MANutYEliRe ) mABRHE Fhnt R T
In a state i n,which the strdJcture i? {’ﬁde on the wafer 14 .. .

according to a second aspect o e present invention, which obtains

information about bar under polishing as information during working, in

addition to substrate information, and controls polishing of bar based on



0O 7 JUN 1U2 -33 or a state before starting polishing after cutting GWEJ N 2002
wafer 14 into the bars' 1, t'he data is to be obtained by nmeasurenent or the
like and to be stored in the wafer information storage 10. The operation
coefficient table 12 is a table which is previously created by using

mul tiple regression analysis that is one of statistical schenes. The
operation coefficient table 12 includes coefficients for use in weighting
f.or calculating the S values and coeffl&tents for use in weighting for
calculating K values to be described later. The S value is data obtai ned by
an operat'oabb?se on the_ wafer infaormati,on and the coeffigients in the
oper at i onbetbrf supstate apformedionrgadongaing warksniormabgngdp £0ds ¢ase.t i ons
associated with a state before polishing, of factors which have an

i nf | uenceseftwarei foxl comtroHing tmasufactuuingowf af ne@engticuErAFENICEhi MEY The S
val ue corresponds to a specific exanple of "a first value" of the

i nvent i oncalthéateormpufixst Fabwnpronstitutig (@Cqrant abf Pa opetesitied estimjatedayi ng a
maj or part in controlling polishing to be perforned by a polishing

appar at us résibi@gmtedi aluecuof tthet Ardg@teaengeivet ln@rshgt aibjécdmg tdhdistiatea basic
program an application programfor controlling polishing, and the |ike ROM

storing BigiormBafinctd 4préddatemitie Pypéitlon ising valaed poaFidiblyodutiieaiedng a
system and the |ike Mthat is a working nenory and so on, although any

of these ¢OEPXRRIES BFdeeBflhgSAOWeighfingéRIABEE]) dHPeaRUIAE aPRRLARUS such
as a personal conputer is used as this type of conputer 9. The CPU is

adapt ed ngLynlognlAuHERLT ' p&ACHE RATorIRER0 SRl A1 4Bk Opa cOByaM I Of

controlling polishing so ftop ormvari ous operations for polishing

dth . . 7 - -of
g& [ gh?LgB%?ﬁ fe’ h&%{)@é@%g%%]%ﬂ*fpﬁ%a aéleﬁgc?npg?&]&;&rggrg‘u%l‘?d g’i’ef e ILc{ntr}tésrlgtl i ons.
Mainly, th licati . trol.li | i shi ds t
Speci 1 o BRI RSy VPRt dn ROPRHAGl RRTERCRS Py IO EhHREnet ¢

transducer” gr."softwgre foy estimatin resi stance,val ue of a nagnetic

t r ansduceFoetiFients. pRGcrRlCBIRteR @ POLRLRL SFimstaAoERISaRE VAIPE CeatEng
executed py the applicatjon programfor_controlling.polishing will_be

expr essedgagh of B‘flﬁha gecang valpe, rand gepixod (padishing hars sg shat (thee

subj ect word). The conputer 9 perforns processing of reading out the S

val ue frofstimatedypsigtarse veue coaghasdhedargetaresistangpvalia.o cal cul ate the K
val ue by perform ng predeterm ned weighting to be described |ater using the
coefficients in Swgwaperfoatcbntroaé@gfmanef&ctuébgeofla magnetic itvarsdygees of
data neasured at predetermi ned intervals during polishing by the RLG sensor
resi st ancecovedmg itngai third uaspert Gfathe tpresdvits amsortiorgsiwvhticinde sk uni ng
instrunment 7. The K value is an estimate on portions associated with a

stat e dur phyfatiwving@f aoiagaetiortzanbduderitardngn mddrnetoceneitivhkayfernal MR
resi stance val ue obtai ned through polishing. The K value cor responds to a
speci fic ekan@ing of eleativ@laRdistahtein ésgomsei toVeaN bk inal ha @utdIfield,9 is

al so adapted to calculate, fromthe S value and the K value, an average
estimate ta@peisedfat @ntrdlfRep o cbRtrafidd pdisieisg o¥ed P)m@ﬂit&hﬁ bMRs fAsicRt ance
values of the bar 1 at every tinme of neasurenent, thereby performng the

control sg p%%dé&rﬁiiﬁ@dF&%‘bkﬁ&&@f@uﬁboft‘i}?g b HBgWbRPsdteti MR SR i9RAE ihEsches a

predeterm ned value. Details of a nethod of cal culating the MR estinate

wi |l be dgsof iirli’&lqdhg% ak -1eéfé}ea%g@%ﬂo%mv@1&yew'élna99§sfté§%f%&5ﬁﬁggnds to

a specific exanple an estina resi stance val ue he 1 nventfon. The

RLG wor Ki j ne ' rQV| . ' . o : i ng
machi ne SHggﬁgén |gﬁ$3g§%gmgﬁgﬂﬁgﬂéﬁg#§b%§§ﬁ%ng?ggaﬁFkﬁgﬁﬁgﬁgﬁghggﬁghe bar
1 are controll ed.by,the .conputer 9. t hod .of manufacturi net i,c head]
Next . & niHea Bf SHSHIFLERR: brondvofE RensBt e o BPRRRAL ng
apparatus havi ng,the, above-described confjguratji.on will be descr.ibed with
P or anceetumerted TeSItRRIS AR High BAGRCts SGReYe JAYED IDSHRITCRREsa 4n 1o
4C show a genea&l nanufacg§¥j process in the sinplified form FI.G 5
shows mai APYAIRGG QREAIBETWO lrggeeéé@pngow Rredeteymmined, operafipn using
specifically, t he procedure for executing the above-nentioned application
pr ogr am f valuesntpreviousdy paiubi¢nted. tpn athbistieahodrasessinguf att Weighting
magneti ¢ head according to the




enbodi nment, first, as shown in FIG 3A a plurality of head cores) eaﬁig OJiJN 200
whi ch has a stacked structure conprising a reproduci ng head for readi 2
having an MR el ement and a magnetic induction type recordi ng head for

witing) a plurality of conductive filmpatterns serving as the RLG

sensors, and a plurality of conductive filmpatterns serving as the M

sensors are fornmed on the wafer 14 of about 3 inches thick by a thin film
process. The MR el ement of the reproduitbng head refers to a unit including

the MR film113, the first |lead | ayers 116 and the second | ead |ayers 117.

The MR film 113 corresponds to a sEeci fic exanple of "a magneto-sensitive

| ayer" of qoREiqlenisnihsyeintagontrod sterealcnlates anjestimpatedrresiganael VRl | ayer

117 0 7 JUN 2002 -36 correspond to a specific exanple of "a |eading

conduct i vebyf itbimig atfleapethasenondoralug anshebrgaeksarobisbongef aibag setthadaat t he

MR film113) the first lead |ayers 116 and the second |l ead |ayers 117, the
conduct i veestinhatedatesistancs ealienpaabes hetaRpéd smnstansg vahe.t he conducti ve
filmpatterns serving as the M sensors correspond to a specific exanple of

"a structure for Setwirea forf @ctingdtihpe a Nsidtaate pahien 6f |an pigaessd The

thin filmprocess for formng the head cores and the like will be briefly
descri bed pphhdu@k RPNk G0k BEst A6k chd thOBrasshtinGendibn, WHish is fhe
insulating film 2102 nade of an insulating nmaterial such as al um num oxi de

is formed e@Y'rﬁ%&?ﬁn&e&{d Q&c’é’ﬁc%lgfesgﬁt%?xcé"ﬁathgg of YRRk -4 sitivB a8 ¢h a4 1 N

FIG 3A) nade for exanp C, I.e., a cornposite materi cont ai ni ng

al um num qxJ i s j . [ J: i 1m.: made
ot 5 mmonatiE O Hnhid ARLUP £3hRehic HBHadcef Havifi £ M Adhet ceBbtive 0
insulating_film 102 by. sputfering,. for exanple. Then n, al uim num Qxi de
17 m cont drvrh ARG Pk i Msintphed 1 FBabron St ERBpHliRiH 17,
by, for e l e, sputteri Orp i .beam.sputtering,and then the_ al um num
o de 11 1 oI omBEtpes hRERyof AEPHPRLE iCHIEATgh SOt A0 192 FARY gh

i nsul ati on ia f or ned. Thgn, Eé‘(ter an MR %Lfect filmis .form.id on the first
shiel d gaprefptprmuned, subgirats SHAROTLIDE, ther MAFNeLOSRBEGIVES IRV AT & n i s
selectively fornmed on the MR effect film Preferably, the photoresist
pattern ha&irmguse snshulingpablleasss theanprenatq-srpsitive -layer farged anttheaped
cross section is forned. After that, the MR effect filmis _etched by, for
exanpl e, isowpstiate, rap wiibhsgrateo inforpMtxgo2befare t pelighogorendsa s4er ebh as a
mask) whereby the MR film 113 having a predeterm ned pl anar shape and size
i s fornmed.caloulatiegsantirst epmlae tdrstmdingfa fpanti of) & potéfRib] lestiadteddunmy
resistance filmpatterns, which are to later function as the RLG sensors
and t he Mreensaice, value afetlecidagmleyo-tonsitineulniyeg byf ubjectimplthe dhtairsalre
material as the material of the MR film Then, each of the first |ead

| ayers 1lGubstragéedhiorehatidwr ted onprédetbirmihed hiopbthtimp fusimg 13Albas for
exanpl e, sputtering using the photoresist pattern as the mask. Each first

| ead | ayerpréifously babjeetbdoro sfadistidas processid as kﬂ'«éighﬁhg RRIMEBRTE, dmRnet
filmmade of Copt alloy and the conductive filmmde of tantalum Then, the

phot or esi siy palihatihg s%e*ﬂofffcﬁmu@mng/bhe Rktiifed rakiseaNG VAR A d &t FI G

3A) each of the second lead |ayers 117 nade of, for exanple, copper is

sel ecti vely, i0haBdeYaihde first shield gap film112 by sputtering, for
exanpl e. %ﬁ%n, tehe second shield gap film114 is forned on the first shield

Software for estimating a resistance value of a magnetic

transducer according to a second aspect of the present invention, comprises
a step of calculating the first value, and a step of obtaining information
about a bar under polishing as ongoing-work-information, and a step of
calculating a second value constituting a part of the estimated resistance

value by subjecting the obtained ongoing-work-information to a



gap film112, the MR film 113, each of the first lead |ayers 116 and each
of the second lead layers 117 in the same manner as the first shiel dJ gagUN 2002
film112. After that, the second shield film 115 nmade of a magnetic
material such as NiFe alloy or iron nitride is selectively fornmed on the
second shield gap film 114 by sputtering, for exanple. After formng the
second shield film 115) the wite gap 121 nade of an insulating materi al
such as al uminumoxide is formed on thk/ second shield film 115 by
sputtering, for exanple. After that, the photoresist 122 ~0 J JUN | ~~I
-38 is selectively forned on the wit ap. 121 usi.ng l,i t hogr.aphy., Then,
the thi n Predteamincd oletadba ol VafistBrevionaly 1uSTey: b S ER, T
for exanple, plating or sputtering. Then, the photoresist 124 s

sel ect | vePYORSFREADHCISRE N Gocilictings, Whoreif herrRSHImRHDE SR caloidatess | n

t he same manner as the photoresist 122. Then, the thin filmcoils 125 are
sel ect i vethe restimatednresietapset value) by usiugihpthnel shedinshiadne and thet hin
filmcoils 123. Additionally, the photoresist 126 is selectively formed on
t he phot ofeeonsk val®me. and the thin filmcoils 125 in the same manner as the
photoresi st 122.. After form ng the photoresist 126, the wite gap 121 is
partially etchedSoftiwarebfort hestomatingy 42 resistaricer meduseaf tahemagmesic of t he
thin filmcoils 123 and 125. After that, the second nagnetic pole 127 nade
of a magnetdrsdieéeaca@rdingto ashitd-aspddt@f the presentninviendion which fcfarvel y
formed on the wite gap 121 and the photoresists 122, 124 and 126 by

sputt eri ngstiimAtireX afndleetricad Fesisbenod vikiesha Bé%ﬁévé-édﬂﬁjtﬁﬁ@%rsﬁi gld film
115 are partially etched by) for exanple, ion mlling using the second

nmagneti ¢ pRIEofl AladigfabtifinB K mactic thHsdubdiehQVRIE Qo abBdtdvBeEsiBive

al um num oxide is formed on the second nmagnetic pole 127 by sputtering, for

exanpl e. ﬁy%&?ﬁﬂﬁﬁ%ﬁ%ﬁé@ﬂcﬁfréﬁ clerlanleggoﬁsaé t éﬁéﬂ&l@hﬁ‘al‘cfn' e@ﬁ}%ne“ ¢

head cores, I'ncludes the reproduci ng using t
el enent a h iG i ct ic0 A e 1.ng: he RLG sensors
and many ls&éngggg’qgsfétg f%or%g c())lrfl‘ phéﬁ%%r%%%gmgr raagjr?élgarr@r%? lggrt %g RLG
sensors and. the M sensor in.t.he r.wll.be. descrjbed in.detail,.,..0 7 JUN
3002 - 30 WP HRpLIEy SHEDE WORHAE. i poliSBitis Bl Rbst BeReE hebish Bai mon
in the above; nentioned thin filmprocess, various types.of wafer .

|t of mat 1 BHFGATERBIA Sty s e ey e e RS AT S 1Y ey Bl el y
after forn‘ié}g H@%{R filmlll3, i‘he resi stance, film patterns to functjon as
the RLG sBaddr nAndinghatmleastsdhe MRERIOSENSHITA oigebr abthedsiePn Pt
apparatus (not shown) is brought into contact with the filns so that the

r esi st ancealgylating ¢hsecond siadne ronshitatingea) paxd of acpeteriak petimatad are
previously nmeasured. Inmediately after formng the first |lead | ayers 116
and the seesasi@nceathlnepéitbe magnetocsansstive ddyerhby mubiastinggthpphtained i s
brought into contact with the lead pattern including the first |lead |ayers
116 and t hfosmationh duathg awaking 1P soprdveterrhimadspstamoe wahgevalvest he
like of the | ead pattern are previously neasured. Details of the wafer

i nf or mat i prevabuslyrmbjégted He stefisticahpricessing dewdegdting beefficatrgs, apdep SO
of obtaining the wafer information corresponds to a specific exanple of "a
step of ohtstepiofeealelatingt thd vStimmbd arsisthnédealury bptuding athkast thegenent
of the MR film 113, the RLG sensors and the M sensor on the wafer 14 w |
be descri ga@dnd~R e’/ shows a planar arrangenent pattern of the MR film 113,
the RLG sensors and the Msensor in a single bar 1 cut fromthe wafer 14
and the reSDECt'AesyBEélﬂ%r%Bﬂ@ﬁﬁlih@%ﬁﬁhfac@ﬁfﬂfgeoPHtﬁmhgﬁeEiE‘QrQﬁ‘éddcefrr om t he
wafer 14, the wafer 14 includes a plurality of sets of arrangenent patterns
shown in 7o | I 7 y j : t s shown,
E{;é@rd?nq B & st as@%ﬂé of Mfe ééelcrjlml xérév%nl(ﬂfon h@hﬁgqs ﬁ\ggeﬂ] elﬁo

while the tirst 1ead |ayers t he secon ayers a t her
films ar enﬂx%ufﬁ@%g of a magnetic transducer having a magneto-sensitive layer

changing in electrical resistance in response to an external magnetic field,

comprises means for obtaining information about at least either a



D1 JUN 2002 -40 As shown in FIG 7, a plurality of MR filnms 113-1, {I18-@N 2002
113-3, ... are arranged on a single bar 1 along a |ongitudinal direction of
the bar 1. The first RLG sensor 54 is | ocated between the MR filnms 113-1
and 113-2, the second RLG sensor 55 is |ocated between the MR filns 113-2
and 113-3, and the third RLG sensor 56, the M sensor 59 and the like are

| ocated between the MR film 113-3 and the neighboring MR film The patterns
of the RLG sensors 54, 55 and 56 and th® M sensor 59 have different

di rensions. A plurality of sets of these sensors is fornmed on a single bar
1. The respe tive.ed&es gf tB_:g MR films 113-1, 1 3_—2h él?’_?’l ... and the
RLG sensoPfedoteraunad | SURSraLe) (SUpROLLNE, @ {agRetasghpliivg Jlayer 0 4
match a virtual |ine 5(;. paral lLel to the cut surface QWTBG cut surface 1la
is a surfEHGHHIE mMacludigeyats 1oagt)  vHagAPtoBRASITNY aderB§dpann g
polished by the RLG working machine 8. In the enbodinent, the first RLG
sensor 54SHBStratey an suhstrafe informpataor baloreinghishing:gindo copirothameansond RLG
sensor 55 has a width W2 of 20 ~.mand a height H2 of 10 ~,m The third RLG
sensor 56 foreontrollitighpaidsling3d a-pluradity of biagh whigh ¢f sulgstrate isThy Mteensor

59 has a wwdth W of 1.0 ~mand a height H4 of 5.5 ~ m The conputer 9

w it es neeaach ethchadings at ehsth shansghetersensitiveddydry whesein nhet tomtwalf er 14
before being cut, into the nenory 13 as wafer infornmation before polishing.
More specimday@d | dontfdls SpolisHing wfahe bap based dhead/Rezlsentid ssubisirdtet 0
113-3) the RLG sensors 54, 55 and 56, the |lead pattern (the first |ead

layers llenpthdtivh secithad 4 eadghétvedehsitive 1ayét in@uled anatlee Hadeha at he
waf er 14, the probe of the nmeasuring apparatus ~ 1 JUN 2002 -41 (not

shown) i spbE@si@binihdd earRRrasistaidevAaeh appropriate portion of the wafer
14 so thaF various types of wafer information shown in FIG 8 are neasured.

I nf oF mat on, | The ¢! ﬁ%@gﬁéﬁa{*@?ﬁ?ﬁbﬁnﬁ%@%ﬁ*@@3? ﬁ‘?g?‘?%%i PR o ng
. 1 . ; i . . = ~( € Si 1
[005] wnePordDAERts 35 S8t Bt T BT mieBRFti e Bl lon ket

shown in El 8.to (%3 d% cusse Iatgr ..and G _denot esk\_/veif%ihtiﬁg
coef fi ci eMOTMALPT ARPRF HAZNINfsT poLRbing AR GneeE NY kI RAYEBe 4 at or .
FIG 8 shows the types of fer {nformatijo asured in.the thin film
process oFQ‘PWQP%\BP ‘P@r"fbé%ob%r -\ ioﬁgbcﬁg‘l ‘ﬁ?’nisﬂéftréﬁ%l 1pformarion agd
ongoi ng-woy k-i nfor oratiop neasured in a working step to be descri bed
later, int %ﬁPEHB’cE'Uﬁ%‘P PAtbl e nanes. FIG 9 shows an exanpl e of
coefficient values, which are previously obtajned by a statistical schene
based on enpiri cAl systemsiorcepntralingomagufectimneapl asmagaetis s angdeesrof
waf er information and information during working). For exanple, nultiple
regressi oacemrdingito eathisd asneet of the presgutsinventiewharhich|is ppal 19, a
variance ratio for each

manufacturing of a magnetic transducer having a magneto-sensitive layer

changing in electrical resistance in response to an external magnetic field,
comprises control means for controlling polishing of a plurality of bars
which a predetermined substrate supporting the magneto-sensitive layer is
cut into, each including at least a magneto-sensitive layer, and means for
obtaining information about the bar wunder polishing as
ongoing-work-information, and means for calculating a second value
constituting a part of a potential estimated resistance value of a

magneto-sensitive layer by subjecting an obtained information during



variable is al so shown. Each of the wafer information shown in FIG _8_ wll
be described in detail: Only the wafer information will be descri be8,7\zgﬁw‘l 2002
the information during working will be described |ater. 0 ? JUN 2002 -42

[.1] Bar nunmber (ROWNO) : a uni que nunber of the bar 1 cut fromthe wafer 14)
whi ch contains an identification nunber capable of identifying the wafer 14
which the bar 1 is cut from and an identification nunber capabl e of
identifying the position of the bar 1-il8 the wafer 14. [2] Average of M
sensor resistance during integration in bar (IMAVG: the average of

resi stance val.ues of th

M sensor in a single bar, which are peasured
during i nt¥aHEREMR ?@E?&%rmﬁgegﬁpﬁrqtil?%%l' gg@e_s Rrﬂl%ﬁiﬁé“ﬁecﬁﬁ‘iéﬂsor
resi stance during integration in bar (IMRNG: the range of distribution (a
di f f er encestpbisticah Rrogessinginey avehime copffiments vihereinoeoniagl snanas
val ues of the Msensor in a single bar, which are nmeasured during
i nt egr at i ofl¢wlatengnidseimatad rasistapee yabus by wsingrableass the wcondaradue (R1)
resistance during integration in bar (RLAVG: the average of resistance
val ues of amk den®Gradenpdistiag( &l)a barassithalt cabmaestimhteh resmstanes wadde duri ng
i ntegration (during the thin filmprocess). [5] Standard deviation of RLG
sensor ( Rljeaches attanget xbisidtagce whhgyation in bar (RLSTD):

A computer system according to a first aspect of the present
invention, which is used in manufacturing of a magnetic transducer having
a magneto-sensitive layer changing in electrical resistance in response to
an external magnetic field, comprises means for obtaining information
about at least either a predetermined substrate supporting a
magneto-sensitive layer or a structure including at least a
magneto-sensitive layer formed on a substrate, as substrate information
before polishing, and control means for controlling polishing of a plurality
of bars which the substrate is cut into, each including at least the
magneto-sensitive layer, wherein a control means controls polishing of a
bar based on at least a substrate information so that a magneto-sensitive
layer included in the bar has a predetermined target resistance value.

A computer system according to a second aspect of the present
invention, which obtains information about a bar under polishing as
ongoing-work-information in addition to substrate information and controls
polishing of a bar based on both of a substrate information and an
ongoing-work-information.

A computer system according to a third aspect of the present

invention, which is used in manufacturing of a magnetic transducer having



t he value of the standard devi ation of resistance values of the RLG nm
54 (R1) in a single bar, which are neasured during integration (durﬂrﬁg 2002
thin filmprocess). ~ ~ ~uN zooz -43 [6) Average of RLG sensor (R2)
resistance during integration in bar (RZAVG: the average of resistance
val ues of the RLG sensor 55 (R2) in a single bar, which are nmeasured during
I ntegration (during the thin filmprocess). [7] Standard devi ation of RLG
sensor (R2) resistance during integrat0n in bar (R2STD): the val ue of the
standard devi ati on of resistance values of the RLG sensor 55 (R2) in a
single bar, which are peasyred durin i,ntelgrai‘{ain (during.the thin film
process). § Zagmeipfgusiiveriayer SINRAN ¢leetriqan FesI st iTRERYISE tDn in
bar (R3AVG : the average of resistance values of the RLG sensor 56 (R3) in
a single b, extereal anagpetisudiedd.d somnyisast egntiol omeadsr ifay eortroBing fi | m
process). [9] Standard deviation of RLG sensor (R3) resistance during
i nt egr at i qrelishingef apdsraity eflearsavhichod predetermined gubstrate Suppating
resi stance val ues of the RLG sensor 56 (R3) in a single bar, which are
measur ed dihei myagndtepeasitove (ldyer niy tcue irtion dadhmipclukésg) at [ Iedkt Atler age of
MR fil mresistance during integration in bar (I VRRAVG :
magneto-sensitive layer, and means for obtaining information about the
bar under polishing as ongoing-work-information, and means for
calculating a second value constituting a part of a potential estimated
resistance value of the magneto-sensitive layer by subjecting the obtained
ongoing-work-information to a predetermined operation using values
previously subjected to statistical processing as weighting coefficients, and
calculates an estimated resistance value by using at least the second value
and controls polishing of the bar so that the estimated resistance value
reaches a target resistance value.
A computer system according to a fourth aspect of the present
invention, which is for estimating an electrical resistance value of a
magneto-sensitive layer in a step of manufacturing a magnetic transducer
having a magneto-sensitive layer changing in electrical resistance in
response to an external magnetic field, comprises means for obtaining
information about at least either a predetermined substrate supporting the
magneto-sensitive layer or a structure including at least a
magneto-sensitive layer formed on a substrate, as substrate information
before polishing, and means for calculating a first value constituting a part

of a potential estimated resistance value of the magneto-sensitive layer by

subjecting the obtained substrate information to a predetermined operation



t he average of resistance values of the MRfilm 113 in a single bar) which
are neasured during integration (during the thin film process). 0 17 JJUN 2002
2002 44 [11] Standard deviation of MR filmresistance during integration in
bar (I MRRSTD): the standard devi ation of resistance values of the MR film
113 in a single bar, which are nmeasured during integration (during the thin
filmprocess). [12] Average of |lead resistance during integration in bar
(LDR, AVG : the average of resistance Vel ues of the |ead pattern in a single
bar, which are neasured during integration (during the thin film process).
[13] Standard degi ation .of lI ead re?ift ance dg.r i g% I nt egration i&atbar
(LDRSTD) : UtHE AN PEARYF R PBReGed 48 TRRESa! DrOESSEIE e Wede i BEL t er n
in a single har, which are asured dyring integration. (durjing.the thin

(11 m pr ootediotenh ang ePURATHE Shns [sideuReatt A o AT GRS bar
(Sheet RAVG): the average of sheet resistance of the MRfilm113 in a single
bar, whi cﬁa]éﬁeeb%%gr%fgleaﬁ?ﬁ yst N?[?ger-at ion (during the thin film process).

[ 15] Standard devi ati on of sheet resistance during integration in bar

(Sheet RSTD) : t heAseumBuier gestem | acopdingndeta ridihsaspret of thRepmRent| m 113

in a single bar) which are neasured during integration (during the thin
fil m procesention obtains information about a bar under polishing as

ongoing-work-information, and means for calculating a second value
constituting a part of an estimated resistance value by subjecting an
obtained ongoing-work-information to a predetermined operation using
values previously subjected to statistical processing as weighting
coefficients, wherein the estimating means calculates the estimated
resistance value by using both of the first value and the second value.

A computer system according to a sixth aspect of the present
invention, which is used for estimating an electrical resistance value of a
magneto-sensitive layer in a step of manufacturing a magnetic transducer
having a magneto-sensitive layer changing in electrical resistance in
response to an external magnetic field, comprises means for obtaining
information about a bar as ongoing-work-information, during polishing a
plurality of bars which a predetermined substrate supporting a
magneto-sensitive layer 1is cut into, each including at least the
magneto-sensitive layer, and means for calculating a second value
constituting a part of a potential estimated resistance value of a
magneto-sensitive layer by subjecting an obtained
ongoing-work-information to a predetermined operation using values

previously subjected to statistical processing as weighting coefficients, and



[ 16] Average of virtual resistance during integration in bar 07 J#W%UZ
-45 (SVRAVG : the average of virtual resistance of the MR film 113Ui

single bar, which are calculated during integration (during the thin film
process). [17~ Standard deviation of virtual resistance during integration
in bar (SVR STD): the standard deviation of virtual resistance of the MR
film113 in a single bar, which are calculated during integration (during
the thin filmprocess). A method of caf2ulating | ead resistance RL of a
single MR elenent during integration and virtual resistance RSV (=C+tRSH X W
1) of a single el.ement_during.integrat.ion will, be described. i,s call ed
o owdi ng. BT Kt SAEHIR Y Aa. S A berE ey af Aot BEiHE, A6 featfelBas e age
of current resultijng fromthe concentration of cure ent on the connection
bet ween t IFEC V?*%-lm and the first lead layer 116 (i.e., a type of
contact resistance). RSH r(;pr esents sheet resistance anpd is gi vgg qu
resistivity p/fiOtheni ardedurtherTibionts.hdaabiresaland advaptages | ehdthe
resistance RL during inte gration and the virtual resistance RSV during

i ntegr at iinventiomsvillAnnaee mareafullysfropr the fdtbwingtdesheiptioni st ance val ues of
the RLG sensors 54, 55 and 56 are indicated by Rl, R2 and R3, respectively,
that the resistance value of the lead pattern (the first lead |ayers 116
and the second lead layers 117) is indicated by RL and that the sheet

resi st anc RIEF BESBRIPTION.®F THEDRAWINGE RSH, the foll owi ng equati ons
(2) to (4) hold as are apparent fromFI G 7. 0 1 JUN 2002 -46

RIZRLH( O HL) +( RSRI. VA {othel BhedBialRLoiesy H) o Foberal BbhiBufdion of an
R3=RL+(C/ H3) +(RSH X WB)/H3 (4) As shown in FI 7, H2=H3=H1l-a, W=WL. and
VB=WL+a angpsvRild for anhifictufaga hﬂi’qime(t?e) héfd afdordIKEEES AN diBodighd M Ng
equati ons a) to (4a) are obtarned. 1t should be noted that a denotes a
?mal ler copsh@bivddiddy;Hl and, fox exanple, a=10. RI=RL+(C/ H1)+(RSH X W)/ H1L
2a

FIG. 2 is a block diagram of a general configuration of a control
section of the apparatus for manufacturing a magnetic head shown in FIG.
1

FIGs. 3A to 3D are schematic illustrations of steps of a method of
manufacturing a magnetic head according to an embodiment of the
invention;

FIGs. 4A to 4C are illustrations of steps following the step of FIG.
3D;

FIG. 5 is a flowchart of control operation of a computer shown in
FIGs. 1 and 2;

FIG. 6 is an illustration of an example of a cut pattern of a wafer;

FIG. 7 is a plan view of an example of an arrangement of MR
elements, RLG sensors and an M sensor in a bar;

FIG. 8 is a table of types of substrate information for use in

calculation of an S value and ongoing-work-information for use in



R2=RL+C/ (H1-a) +(RSH x W) I (Hl1-a) (3a) R3=RL+C/ (Hl-a)+RSH X (WL+a)/ (Hl-a)

(4a) Therefore) the I ead resistance RL during integration and the iﬂj/\:m 2002
resi stance RSV (=C+RSHXWL) during integration expressed by the fol i
equations (5) and (6), respectively, are obtained by solving the above

si mul t aneous equations with three unknowns. RL=Rl +(Hl-a) X (R1-R2)la (5)
RSV=-Hl X (Hl-a) X (Rl-R2)la (6) A set of RL and RSV is obtai ned for each
set of RLG sensors 54, 55 and 56. VariZbles Si shown in FIG 8 and
coefficients G shown in FIG 9 are substituted into the above equation

1), where e follgw ng equation (1') is obtained. S
\(/al) ue=- 23?%%8@2%? 8%%3&59\%6'3?- 2|. 155£ | IV?AVIG) |

+( 1. 764* 1 MRNG) +( 29* RLAVQ) +( - 2. 435* RLSTD ) ) )
+(- 5. 134* RRAVG) f&@ogﬁ@é £a oefficignt valpes gh weighting

+( 0. 617* Sheet RAVG) +( - p. 281* Sheet RSTD) %a), After all, in the enbodinent,
the conputeatliclest spames heorraghpnding, i Apdivaduel onleees) odndubsttale the S
value to be stored in the S value storage 11 of the nenory 13 (step Sl in
FIG 5). imfersatwnuandrapgoiagpwerk -vuformatwincul at ed by using any conputer

i ndependently of polishing (i.e., in offline state), as well as by using

t he conputer 9 fBIGsasE0OAnapd|li0dhiang cagsslssctionrddviebmvef al stractureroftase, the
S value has only to be cal cul ated before starting polishing. Returning to
FI Gs. 3B hmagdetict headisbe mpdnwactdrel; be gi ven.

FIG. 11 is a plan view of the structure of the magnetic head to be
manufactured;

FIGs. 12A and 12B are a graph and a plot of a state of variation in
resistance values of MR elements of magnetic heads manufactured by the
method of manufacturing a magnetic head according to the invention,
respectively;

FIGs. 13A and 13B are a graph and a plot of a state of variation in
MR resistance values of MR elements of magnetic heads manufactured by a
method of manufacturing a magnetic head of the related art, respectively;
and

FIG. 14 is an illustration of an example of a blocking pattern for

cutting a large wafer into bars.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the invention will be described in detail below
with reference to the drawings.
[Example of structure of thin film magnetic head]

Prior to the description of a method of manufacturing a magnetic



As shown in FIG 3B, the wafer 14 is cut into many rectangul ar bars 1

havi ng predeterm ned di nensi ons. Each bar 1 is adapted to incl udeL[} I?eJUN 2002
arrangenent of a plurality (a plurality of sets) of MR filns, RLG sensors
and the like. The wafer 14 is cut by a dividing pattern shown in FIG 6,
for exanple. In an exanple showmn in FIG 6, 104 bars 1 ar a cut froma
substantially available region of the wafer 14. A single bar 1 includes,

fior exanpl e, 38 head cores each having2¢he MR film 113, 24 dummy RLG
sensors, and 5 dumry M sensors. Then, as shown in FIG 3C, the bar 1 is
fixedly bognded to the jig 2 vvittgl,the CLiI surface, t hereof qg\'the urface to be
the air bahaceufmg &y anrmhedimend ofsthe,myendion, fhistragiute oha BRI code 3
corresponding to the bar nunber indicating the wafer 14 which the bar 1 is
cut from diant magpetict headote st enapyfadturehrbyl the mpetbadf svillibe fiveh, as
shown in FIG 3D, the bar code 3 attached to the jig 2 is read by the bar
code readelesdribefher eby t he nunber of the bar 1 is 0 7 JUN 2002 -48
identified. Then, as shown in FIG 4A the jig 2 holding the bar 1 is set
on the RLG wor ki ¥jGsadiiAners 40B howt AesddtiGnabrstruguraalfi tie 8hit dilts
polishing the cut surface of the bar 1. As shown in FIG 4B, in a step of
pol i shi ng mhgnéi¢ Head.he RIGIPILeshdwaeasplatart Reructaistamehe vellinedilaf t he
RLG sensors 54, 55 and 56 and the resistance value of the Msensor 59 after

every el apfggRétié aA@dshewn eFIGEI0At MY Al0B.€. PIG. 308e8hbRs1d ¢66d (YES
in step S2in FIG 5) (step S3). Specifically) the RLG sensor resistance

54, 55 and*EachqRch o AL 1tk AR BRI AT RPRARIGEr 1 S dif Soery o'
Sensor 1 ey SHARCE FEAMAIN0 PIES {0 bws B drBHS sBR0RR £ It gaiect

with the sensor measures € resistance value there

conputer 9 al.sq | cul ates,.an VB, heght  HVR i t.ne foll ow equati on
(7P Ut ng RREORARERSPHECET ENE, S0k 1 e ifet & B AR b Binghlllog 1L
t he neasured resjpstance of the lead pattern and.t he al ready- obt gi ned
virtual resist ant[i"eRgvndgk’innﬁ‘qgﬂeé&r EP?grPsag @W%@e&ﬁ%#ﬁ%ﬁ?@?&m
HVR=RSVI ( R1- |§€I;£:C,+RSH X /ﬂiRl- RL) (7) Then) the corrgut,er reads qut
coef fi ci elte@daBapisapettagkes sheuctivre RomPRsingnat rrodngne: head phdon)n
coefficient table 12 previously created by nultiple regression anal ysis of
t he neasurépdiie pad antacordinguhead) 186! fox Avmgngmmy ph@rsrmt%@' p (@Hercoibater 9
perforns v_veiﬂhting by the follow ng equation (8), that is, the conputer 9
mul ti pl i ednt KEGe.edBAoand cHRBX iof i substipte Hd v ab e wafer t (ae basels widnemt

paranmeters and adds the 0 1 JUN 2002 -49 results of nultiplication to one
anot her, tihenlibing filoull88i ing batweeml UEh¢ steppo®ading khead UdOERBDE a0 KYIR ( 8)
where j=1 to 3, Kj denotes information during working in the
element. The recording head 120 has an inductive magnetic transducer.
The substrate 101 is made of, for example, altic, i.e., a composite material
containing aluminum oxide and titanium carbide (TiC), or the like, and the
thickness thereof is about 2000 um, for example. The insulating film 102
is, for example, about 1 pm to 10 um in thickness along a stacking direction
(hereinafter referred to as a thickness) and is made of an insulating
material such as aluminum oxide. The wafer of, for example, about 3
inches thick is used as the substrate 101.

The reproducing head 110 has a stacked structure comprising a

first shield film 111, a first shield gap film 112, an MR film 113, a second



variable list shown in FIG 8, and D takes on values in the coefficient
list shown in FIG 9. The ongoi ng-wor k-i nformati on shown in FIG ﬁA | lﬂJNb@Z
described. [1] Average of MR heights during polishing in bar (FM G)‘ t g
average of a plurality of MR heights in a single bar, which are cal cul ated
by equation (7) in the polishing step. [2] Average of RLG sensor resistance
during polishing in bar (FRLGAVG : the average of resistance values of a
plurality of RLG sensors in a single-d; which are neasured by the RLG
sensor resistance nmeasuring instrunent 6 in the polishing step. [3] Average
of virtual, resistapce RSV during polishing in_bar (EMAVG : the average of a
pluralit yslelﬁ?fi igapalm (1d4i an ﬁcﬁ@cma& @bsgﬂé%m 12 13 orgles opathe FwWlatiage

cal cul ated by equation (6) in the polishing step. Assum ng that the
coef fi ci elm}0%.akes on val ues shown in FIG 9, equation (8) is expressed
as the follow ng equation (8a). The conputer 9 cal cul ates a K val ue using
equation (8a). Klhel fiest( shedd KlrEMREHDAVEhd (thel sedond RALGEAVEIm+ (13 k@eX
FMAVG (8a) .0 7 JUN 1U2 -50 Then, the conputer 9 captures the S val ue
fromthe prorded tot orapmetitdllpfsHibkl thedviR fidm( 318p The. fivdteandt sexoadnput er
9 adds the S value to the K value cal cul ated fromequation (8a), thereby

g alcg lrjr{) Z? ieglgiteﬁg ﬁg’iaiﬁ Eﬂa ?té‘gnf,’é asé lo@ited (st #9 tSice &aut belidtoweth the MRMPUt er
film 113 in between. The first shield film 111 is, for example, about 0.5
pm to 3 um in thickness and is made of a magnetic material such as an
alloy (NiFe alloy) of nickel (Ni) and iron (Fe). The second shield film 115
is, for example, about 3 um in thickness and is made of a magnetic material
such as NiFe alloy or iron nitride (FeN). The second shield film 115 also
functions as a first magnetic pole of the recording head 120. The first
shield gap film 112 is an insulating film for providing electrical insulation
between the first shield film 111 and the MR film 113, and the second
shield gap film 114 is an insulating film for providing electrical insulation
between the second shield film 115 and the MR film 113.

The MR film 113 is provided to read information written on a
magnetic recording medium (not shown) and is located close to an air
bearing surface 103. The MR ﬁl'm 113 comprises, for example, an AMR
film exhibiting an AMR effect, a GMR film exhibiting a GMR effect, or the
like. The AMR film has a single-layered structure made of a magnetic
material exhibiting an MR effect, such as NiFe (permalloy). A GMR
element comprises the GMR film having the GMR effect. GMR films
include, for example, a multilayered type (antiferromagnetic type) film, an

inductive ferromagnetic type film, a granular type film, a TMR (tunnel



resi stance estimate to a predetermned threshold value Rth (a target

resi stance value). When thé MR resistance estimate is equal to or nore tr}ﬁ&
the threshold value Rth (YES in step S7), the conputer 9 stops th8 RUEN
wor ki ng machine 8 from polishing (step S8). When the MR resistance estimate
is less than the threshold value RRh (NOin step S7), the conputer 9
returns to step S2 and causes the RLG working machine 8 to continue

pol i shing, thereby reducing the MR heidfhit. Steps S2 to S8 in FIG 5
correspond to a specific exanple of "a control step"” of the invention. In

t he enbodi nent he S yalue is captured om t ry 13 at ever

moni t or i ngj’?%%Meé) %ﬁeﬁi&? a{SRER VaREnIInE 'ﬁ]{% ad"éiqﬁéepnﬁgged }hf’??e%m%/%ﬂm ng
exanple. That is, the S yalue is_captured only once at the ti of starting
pol i shi ng)ilmse theyapine vatves type JGMR ﬂﬂa@ 18 XGOM51 ,regmwh@wnm ap¥el¥om
Access Nbrrpryz or the like in the conputer 9, and the S value_is read out
at every mbmpleostnmgtusesite exhibita grend changeud resistonge eyenatedgedowhe MR
resi stance estinmate as descri bed above) Then, as shown in FIG 4C, the bar
1, which hasghdtii Sakddanddebgauigbla forpolss produatiap, is cut into separate
magneti c head sliders 15 with predeterm ned di nensions by a dicing step or
the like. (Di strAblenigth offtheeNdRs ihncEly betvesewfthdvierd thereof clsaubatdieur ed
~0 7 JUN 2D02 -51 magnetic heads] FIGS. 12A and 12B show the result of

measur enenlir béarifgissirfatecl 00h ¢ shebphbiicé efdrtheredf isralledrgnMR helidads
manuf actured by using a nethod and an apparatus for manufacturing a

magneti c MEadVE heigitlid dne dffaciFheHhtasternfiheR rédpiodacihgle®piltoWThee

result of measurenment of resistance values of MR el enments of many nagnetic
heads manyRCEULRE WS tRd RdidwinR! PRI eRAds AthABRGFBE MRS RéighRMebaRkunl ng @
magneti c hea?‘o? the rel ated alrlﬁ? FI CGBS. ?LZA agg 1%A are liggﬁ?ogr ans of

di stributi resi - \al f il bt al . I and
13A, the etlglgsﬂf:%hegbié%frggggm ;(#lg %ﬁt tS)Jy‘gntfok/l?% r%@i%i am b%.i{éll}g %ﬁg&%%e axi s
of ordinates. represents fr e I 12 nd. 13B show a distribution of
Che aver aGrehTioR R TSR et alih Sy Th it P B HRa e SHHRARF Bbar 1 1
FI Gs. 12B and 13B, .the axis of abscissas ,represents a cha tr (tion) of
cach bar, ORRGNS ABE 0% TP By tRTHBPELUFS Pdsanp ShaoRgery Ot the UL Bdince

val ue of each har is. clear fromFI.G 12B, according.to the

manuf act urlildg %@@%@f%ahaéﬁﬁr%ﬁlaht b@rthqxefloaﬁﬁsgvﬁ:%msm apsxteRiihite, a
group WA of average MR resistance val ues of the bars obtained froma

si ngl e wafthe reproducies outpul padithe MR fike bl eagaotradvessely aftectedbyes of
the bars is as narrow as about 1.2 SZ. Even in_ a group WA2 or WA3

exhi bi t i nghe misevindeseperatyre.of Thathiskiness of the M ddmol 1§ as adewotenssofabout 3
SZ or less. The average MR resistance value of each wafer is substantially
fi xed and neonizters, oy exampler oWheaNge fdm \id3i has enshasesdength lin thes a
whol e, the range of distribution is also narrow as shown in FIG 12A. In an
exanpl e sldivection paradlel tdWNe2iix bkarby Ffacd 283 (heeeinaeagpobpaibielyhe

resi stance val ues was 45.58 S2, and the standard devi ation thereof was 0.47
SZ. On theefetrhet thasd, track tvidth dimiceidnhcomphosd to théfigst dRidld fiim tAhge of
variation in the average resistance val ues of the bars obtained froma

si ngl e wafthe first 8hieM @apaBlnallag) tke Second shieldgxp flm 1Thamlgiagecodd

resi stance value of each wafer exhibits a wi de range of wafex-to-wafer

vari ati ongh{Aasaadens! y, as a whole, the range of distribution is also w de
as shown in FIG 13A In an exanple shown in FIG 13A, the average of all

the resistance VAlyss dffiretdedd YyeNf14 \WhRlPIORIA AP KL sl QNFIRIRAT vas

1.22 Sz. As descri above, acco ng tot nmet hod of manufacturing a
other with the MR film 113 in between in the track width direction, is
electrically connected to the MR film 113. Each of the first lead layers 116
is formed between the first shield gap film 112 and the second shield gap

film 114, similarly to the MR film 113. Each first lead layer 116 is, for



magneti c head of the enbodi nent, various types of factors in a wafer Siﬁ??
whi ch may have an infl'uencé on the resistance value of the final MR i 002
are expressed as the S value using the statistical schenme before starting
polishing, and various types of factors in a polishing stage which nmay have
an influence on the resistance value of the final MR filmare expressed as
the K value using the statistical schene at regular intervals during the
polishing step. Fromthe two val ues, t2i&- MR resistance estimate during the
polishing step is calculated every nonment so as to stop polishing when the
MR resistance esti,mate reaches the target resistapnce,value, As a result,

the VR 1 coREmBI ARty FOF (RS SrAROREre b ArigHoPREdHAROLARRPREFTA 1 hi n a
target range with high precision, and variation in the MR resistance val ue
can be reHudhigkness é‘t“lﬁ‘eﬁa%\@r%@f:kaé@é?‘éﬁtﬁbe COMPRISIREFoRETBANSNt MAgHSH ng of
~0 1 JU~-V t~~| -53 stopping polishing is determned in consideration of

al so vari flm apdea @@nfgmtave( ilner  Ingidentallyonthevnermanentomagnesdfitm t he
time when the MR elenents and the like are integrated on the wafer or at

the time befrimscaliyaftunogopslasshi fitln fneamflyng acbigmriaat the tHeemagieatted art
in which the dinensions of the elenents are tracking-controlled while the

MR hei ght magment! filmons t eatkd tde s gaadi ofethe cfinstr delaud elafyaet D16 nf theri ati on
whi ch have been al ready produced during integration of the elenents on the

waf er, andmbedspeuent Thet permahent wagnaafilmeke nidde MR f@sesaniple, wal ues of
the wafers and the bars uniforn) Mreover, an absolute value of each MR

resi st ancgnhpidopt fadloy¥ of UbEAR CR) adidPpabinith €PERNRGR] e BoWdIdtHA fikal ues.
Therefore, a yield of a product can be greatly inproved. According to the

embodi nmenj nﬁﬁ%fbfoforte% Matasrateph (. K value are cal cul ated based on the
statistical schenke. Therefore, optimimcontrol of polishing based on
enpirical facts r-esu | i tid !l nore
effective in naklﬁ%gh 'lt?’ ﬁé%ﬁ‘f&?d?‘%ﬁ‘ﬁgf %e‘iél%tﬁli%g%@ﬁgéc%‘ﬁméa%Icﬁedé

absol ute yal ue of t VR i st gnce. appropr,i at Al.t hough the d nv i on has
been desc%/}?%gﬁs%i?g\?ggwrﬁ gﬁgroﬂ ﬁ'be F@s&?@g’éﬁ%{?%‘?ﬁff@,e He ?‘h’(f@ﬁ? ﬁ@h i s not
limted to th odi,ment s and .vari.ous i ficatjiops of the.invention are
possi bl e. ?qﬂsrﬁﬁéaﬁ«g?e,t? (SeORBIG0 daer Induceioads: Hom gpchfirsidead

resi stance estimate is cglculated using Qoth of the S value_and &Pe K

val ue, bulaseselltjewardthesidstonrosited® the aHebeaungoHsh 4U3FoFachst ance,
the MR resistance estimate nmay be cal culated i n consideration of only the S
val ue. Al seqomg: lead| Jayer Hd MR fosmesh betweeeasthafiret phipld @apaiibn| BiZandn
consideration of the S value and a0 1 JUN 200 -54 part of the K val ue
~e. g., ththevredemidgthipld gap éilmal l4atimilarhietosach Gzstsleaddeyesiilfmt Eaghy be
calculated in consideration of only the K value w thout consideration of
the S val secondnleafldaperdl7 aemadenef] forphammplgr eeppeor(CGanal ysis is used as the
statistical scheme for calculating the coefficients G and Dj in equations
(1) and (8). HowkherecardswgbeeddiXenag havackeldt stpheturegoegrisinganwiritsi s may
be used. In the above-nenti oned enbodi nent, the description has been given
w th regagdapti®lanm sghevopesist 128htlsin fihe cotll 4230fa photstresist N12Heshinhfibds i s
used. However, a large wafer of 6 inches or nore thick may be used. In this

case, becasis125, 4 pliotSreBistaAREXhEt MOﬁ&ﬁﬁﬁgﬁ@twﬁSIeemT @h ord¥ebfirthef about
3 inches to 5 inches thick, photolithography or the |ike, as an exanple is

shown in Elénd ¢hieRl fikhde15Val BHe ’vs@ilﬁeaéhﬂjifzﬂEé{ifgﬁéxhﬂﬁﬂeﬁawﬂdﬂ@.hi;Iﬂi taf
rect angul ar bl ocks A, C, ..., Fsothat bars are cut from each bl ock.

B,
bref of abl €S A AL : . .
retera Mésagﬁﬁbgé %1&(&}@5%”% dgrif'Hx@d%%{é‘%‘if@'sﬁiét?ﬁ?%a@&%%&ﬁ RRrt o

t he bl ock cut fromt arge wa u rom ormation
the same dufafilibABES. rhe SVEPS ¥R LELHR WiSpARRRT TN, RESLLIRES "
cquati onsoFdhe s Epi TRRG R PREP dhahtht Btcantbple fiinflh o s The
average and standardidevi 0590 o1 TEaRRaS vl v A HnEl Snathus

they are magnetically coupled to each other.




maxi mum val ue, a m ni num val ue, a nedi an value or a nodal val ue of the
measured val ues, or the |liKe may be considered as another vari abl e. 07
JUN ZUU1l -55 When such variabl es are considered, the degree of coﬁt?iiﬂﬂiﬁwz
of the variables to the MR resistance value can be previously determ ned as
wei ghting coefficients by the statistical schenme so as to perform weighting
using the coefficients as well. In the above-nenti oned enbodi nent) the
description has been given with regard28o an exanple in which polishing is
controlled for each bar. However, polishing may be controlled for each head
sl i der obtai ned oma single r.Jnthis case, the.§v e and the K

val ue can be cal ﬁ)?al? QFOF?)%S%&%% Fiﬁiﬁrwlﬂ’ﬁﬁla Batslhiebéﬁ a[Illdhl| Q’Hg 8di ment ,
a magnet oresi stive el ement fqQr use in a nmagnetic head has been descri bed as
an exanpl éhmh‘l@ﬁé?/é)rf’, fomexampdat poALE <181 wE 59 oaBt e Tthe dhreafnBewdsi sti ve
el ement for use in various types of detection devices such as an

accel er at refers dadbe length gbthmphetaresist dZ3rbatwgendherend theyegf sloseuton a
detection device. As described above, according to a nmethod for

manuf act utheginbeaxingtsvefaceal@ avdrtheraiabeapiner sunfacd 303 ramnduflominatesy a
magneti c transducer of the invention, polishing of each bar cut fromthe
subst r at erecording podpeatiebadeadhearecbidingulvertd. at’Bhé photoresiso il 22oist syzdcedhe
magnet o-sensitive |layer included in the bar has the predeterm ned target

resi st ancelightlyeawdy €foeh @he airbbaingtsurfac@nl @3 teehapthérekidigl ifaghesii bl e to
control polishing in consideration of facts that have al ready existed

before stapld 197 R9kih Tohbakt Wﬁhet}&aWrit‘éU%@ﬁ Y1 RGEOMHE AF B@aﬂiﬁg shipfrad for
manuf acturi ng a magneti c transducer or the apparatus for nmanufacturing a

magneti c 7 < hgnd ngbon, fi - value is
obt ai ned l%;(/)g't hg@@?&?‘gﬁe&%ﬁegzggﬁﬁ%nQ%Ig}éngp%xﬂégsg%g‘fﬁraattt gﬁfn %Srihrrgtﬁi on and
t he wei ght.j £ Gl S Al t e b S 0 ihng, and
the oot moragepaling eRHiconitiA FAL BF PNl Tan e By, Bler SRR
Pol i shi ng_pf b i.sycontyolled sq that. .the estinpted resistangce, val ue
eaches ¢ Abeld ey a8 18 Rehe afeak Tith fRe S04 HEFeisatLhEN e
effect, an, effe of . enahl i ng.,co ol o ol i shing opti m zed hased .on
statisti cg:lacgroéhb‘? rtp%?fﬂf‘hélggsi gér?( H’é‘rdeaggelsa it 83@5‘.%%?@05% PS8 |y,
according. to. the nethod for nuf acturing a magnetj.c transducer or  the
appar at usthwknﬁﬁmpéc%suh%ega Aeldife PPRILION, AABIRANAINE t tRetine) PEREPISHISt he
ongoi ng-wor k-i nformati on about the bar under poljishing is al so gbt.ained,
and pol i sRRRg dihe mhoperesists chift rand dd6pase droMidsst ko gngure mFudatiagi on
during working and the substrate information so that the magneto-sensitive
| ayer i ncPuerarties of fjhe phin film copls Iamnd d2fi andiareafaymed akthe nositiops| ue.
Therefore, achieved is an effect. of naking it possible to control
pol i shi ngcorrespmmdingrtatthethot ﬁﬂmcftcslsab%%angri@%f@mecﬁwami ng polishing, as
wel | as facts that have already existed before starting polishing.
Accordi ng to anoTherserehtiothagmeticapalfeadfir ispgfoa emegmple, calhawetn 8duoennor
anot her apparatus for manufacturing a magnetic transducer of the invention,
t he pol i sbhit@nes=pndnsl made: ofobtrabgheidc trheteritd odurlr o NiHenhlloyadri ronabout
t he bar under working cal culating the second val ue by the predeterm ned
oper ati onnitgidig t The 05@Rndg M@ rketid fdlerat 2 Drexdatdd Tfeomet Bt aiRgbegsdhki ci ent s
obt ai ned t hrough

surface 103 to near the center of the thin film coils 123 and 125 and is in

contact with the write gap 121 near the air bearing surface 103. The
second magnetic pole 127 is also in contact with the second shield film 115
near the center of the thin film coils 123 and 125 and is magnetically
coupled to the second shield film 115.

The second magnetic pole 127 on the air bearing surface 103, the



0 7 JUN 2002 -57 the statistical processing and cal culating the estinmated
resi stance val ue by using dt |east the second value and controlli nng N 2002
polishing of the bar so that the estimated re~i:,tanca val ue reach tl'uzl
target resistance value. Therefore, achieved is an effect of enabling
control of polishing optimzed based on statistical or enpirical facts
after starting polishing. According to a nethod for manufacturing a
magnetic head or an apparatus for nandPacturing a magnetic head of the

i nvention, the magnetic head is manufactured by using the nethod for m
znul : ~.cturing a net,jc tran cer or,the ar s for nuf acturing a
monet i o Vi aicEaT 0d f o hOBLEs shoohihshiig M S0 Batid MitoHhecr of
manuf act uri ng the magnetic_head through control of polishing perfarmed in
Consi der aFFiSH &AD 1 het satenaligngg ip dire defy, eyt Bavhoths, soSaee Hgm

pol i shing. Cbviously man3T nodifications and variations of the present

i nvent i orstavretusessildiie styuetige| isgrffeefive rat Myeventing aamiingeeaspt 11 A1 hen
efore to be understood that within the scope of the appended cl ains the

i nvent i oreffepivieetyackcwiiddu reswléing fon harspasad pfcinfagnaticyfldeswhidieds 0 7
JUN 2uut _ ~s . What is clained is: 1. A nethod for manufacturing a
magnet i ¢ germrathdduringwirriging detaat asrpswttiraek.] ayer changing in el ectri cal
resi stance in response to an eternal magnetic field, conprising: a film

form ng step of IseideataMg! ¥nfoverdond 104 1schvined sRIREIrecsidnsg hewd 120er on a
predeterm ned substrate a substrate information obtaining step of obtaining

info: orajd gle 8RRUSppYsitee@SthetdpBiuding BB 110 (Ehtopirs FIGE! YOA dd®! udi ng

at | east the magneto-sensitive [ayer forned on the substrate, as substrate

| nf or mal | AIEPE 9 GoRRIvbP thBGyBral siries! MeObvérdbid 104 10FoPIELPD 2
plurality o ars each 1ncluding at [east the magneto-sensitive layer and a
olishin i.shhog 1t i.n: i.shi sh &R ntrols
Bol i shi n?%hﬁfhﬁgggﬁhﬁéggg& oﬂ_ '"leggt zare%s_ aﬁﬁ?@d&s‘%ﬁ?@%rﬁ %tre%li on si&)gt hat
the magnelo-aensh biid.| TheladEhyisd bbb POL 3% SRR ASFRETAS tar ot

The thin film magnetic head having the above-described structure
functions in the following manner. That is, the magnetic flux for writing
is generated by passing a current through the thin film coils 123 and 125 of
the recording head 120, whereby information is recorded on the magnetic
recording medium (not shown). A signal magnetic field from the magnetic
recording medium (not shown) is detected by passing a sense current
through the MR film 113 of the reproducing head 110, whereby information
recorded on the magnetic recording medium (not shown) is read out.

Next, an apparatus and a method for manufacturing a magnetic
head according to an embodiment of the invention will be described. Since
a method and an apparatus for manufacturing a magnetoresistive element,
software and a system for controlling manufacturing of a magnetoresistive
element, software for estimating a resistance value of a magnetoresistive

element, and a computer system according to an embodiment of the



2. A nethod for manufacturing a magnetic transducer according to claiml,

further conprising: a'step’'of calculating a first value constituti nﬁgga mt ,
of a potential estimted resistance val ue of the nagneto-sensitive: ye:l §UU-}-

subj ecting the substrate information to a predeterm ned operation using
val ues previously subjected to statistical processing as weighting
coefficients) 0 7 JUN 2002 wherein the polishing step cal cul ates the
estimated resi stance val ue by using at30east the first value and controls
polishing of the bar so that the estinmated resistance val ue reaches the
target resistance value. 3. A nethod for mapufacturing a magnetic

t r ansducerin¥eBBpai myet ocwbadindl, bynethe nmetbod ynd attgei ARRaFat o for

obtai ning step obtains at |east _either a_ resistance value or sheet

r esi st ancemenhfpeturinghe magnetio headaacprdingatpethergmbodimens, thebfamgr or a
virtual resistance value of the nmagneto-sensitive |ayer containing a
crowdi ng rweil be¢ daseribahhelosnin enjwettion which theyattee substr ate infor nmation
contai ns data about at |east either the obtained resistance value or sheet

resi stance val ue [0bnfiferatigmef appeniut ifvrem saydactarrind enariesicteshdli r t ual
resi stance val ue of the magneto-sensitive |ayer. 4. A nethod for

manuf acturing a rrgnNet showkanatgesn alevitibiel étefhal Bodfigthic bftdie film
formng step further fornms at | east either a | eading conductive filmto be

el ectri Ca'a{%aﬁgﬂi’s‘aﬂreﬂahﬁfééﬂﬁrfﬁ%@é‘%é’g‘z?e%fbshéé%ﬁc&ﬁ'ﬁ?ﬁg % aﬁtedusggﬁume

resi stance m pattern for functioning as a dunmy, and the substrate

LT e OB BB FRGONAS Bkl it sy Gk 1
circuit of the apparatus for manufacturing a magnetic head shown in FIG.
1. The apparatus for manufacturing a magnetic head according to the
embodiment is an apparatus for polishing a cut surface of a bar formed by
cutting a wafer having a plurality of cores of a composite thin film
magnetic head which has a stacked structure comprising a recording head
having an inductive magnetic transducer for writing and a reproducing
head having an MR element for reading.

As shown in FIGs. 1 and 2, the manufacturing apparatus
comprises a jig 2 for holding each of bars 1 cut from a wafer 14 in the form
of pattern shown in FIG. 6, for example; a bar code reader 4 for reading a
bar code 3 on the jig 2; an RLG sensor resistance measuring instrument 6
for measuring the resistance values of RLG (Resistance Lapping Guide)
sensors (not shown in FIGs. 1 and 2, see FIG. 7) included in each bar 1; an
M sensor resistance measuring instrument 7 for measuring the resistance
value of an M (Magnetic) sensor 59 (see FIG. 7) included in each bar 1; and

an RLG working machine 8 for polishing the bars 1. In FIG. 1, the RLG

sensor resistance measuring instrument 6 and the M sensor resistance



0 7 JUN ?Uul -60 pattern nade on the substrate, whereby the substrate

i nformati on contai ns data about at |east either the obtained resisg@qCQUN 2002
val ue of the |eading conductive filmor the obtained resistance value of

the resistance filmpattern. 5. A nmethod for manufacturing a nagnetic
transducer according to claim1, wherein the polishing step further obtains

I nformati on about the bar under mnrkigﬂbas ongoi ng-wor k-i nformati on and
eontrols polishing of the bar based drPtboth of the substrate information

and the information during wor king so that the magneto-sensitive |ayer

i ncluded in the. bar._has a predeterm.n targ resi stance val ye,, 6.4 A

ot hod 1 ORGSR CRPT R el RS 10t SAPEL e df (K oF o ABi ot M

further conpri sing; ste calcylating a first val ue constituti a part

of o pot oA Waf brdestribel ladan cd nehATS. GRTTETROTARGIcR SOSURGI MR ayer by

subjecting the substrate information to a predeterm ned operation using

val ues pr@fn%h%’i yl@ﬁbPééh%HWte@tE)tnat I stical processing as weighting

coefficients, wherein the polishing step calculates the estinmated

resi stance val ueThg menufadioringofappheatusr slsovedmprised a eemputer 9 for

ongoi ng-wor k-i nformati on and controls polishing of the bar piece so that

t he esti nmedmdolisg polsiuagvafl the baxachemd hentmogetl 3 exit shamaeiv &IG.1) 0 7

JUN 2002 -61 7. A method for manufacturing a nagnetic transducer according

to cl ai m whidhrisheefeeraprioswlgsn the computer 9 executes a predetermined
operation. The memory 13 comprises a wafer information storage 10 for
storing wafer information to be described later; an S value storage 11 for
storing S values to be described later; and an operation coefficient table 12
for storing predetermined operation coefficients to be described later in
tabular form. A rewritable nonvolatile memory such as EEPROM
(Electrically Erasable-Programmable ROM (Read Only Memory)), a
rewritable volatile memory such as power-backed RAM (Random Access
Memory), or the like can be used as the memory 13. However, the
memory 13 is not limited to the above-mentioned memories. An external
memory capable of high-speed operation, such as a hard disk drive or a
magneto-optical disk drive can be also used as the memory 13.

The jig 2 is provided to hold on the top surface thereof each of the
rectangular bars 1, which the wafer 14 is cut into. The jig 2 is made of, for
example, a white ceramic material or the like. A bar number for
identifying the bar 1 held by the jig 2 is assigned to a side surface of the jig
2 as the bar code 3 with any of shades of black. Each bar 1 cut from the
wafer 14 is held by the jig 2 having the bar number corresponding to the

wafer 14 and a cut position of the wafer 14. The bar code reader 4 can



a step of calculating a second val ue constituting a part of the estinmated
resi stance val ue by subject'ing the ongoi ng-work-information to a N 2002
predet ermi ned open ation using val ues previously subjected to stati Qt?c}lH
processing as wei ghting coefficients, wherein the polishing step cal cul ates
the estimted resistance val ue by using both of the first value and the
second val ue and controls polishing of the bar so that the estimated

rFesi stance val ue reaches the target reX stance value. 8. A nmethod for

manuf acturi ng a magneti c transducer according to claim5, wherein the
substrate. j nf tion t ai,ni ng, ste bt ai ns_at.,l gast ejther resistance
val ue or %dr?é’é%p@fl @?razgéeal\(};\fyugh%ﬁlg{)%%ynﬁ P%-@gﬁﬁrﬁ@ee ?a%fe&len;’éa ‘on the
substrate,por ,a virtuyal resistance,yalue of the nagneto-.sensjtivye | ayer

cont ai ni n@ﬁgb&r(ﬁ%}p mraéé?es?gﬁg}ée%g 8hexpmpde. fefqar é?‘éb?/‘l? Rabdirate
informati on contains data about at | east_ either gh ..obt ai ned resi st.ance

val ue or QPRsite tsthe guElacey fhereodtotheep » OF & ﬁi}lfq’\}és‘f%?f Be 1ige

obtai ned virtual resistance value of the magneto-sensitive layer. 9. A

met hod fo®- manufacturing a magnetic transducer according 0 7 JUN 2UU -62
to claim5) wherein the filmformng step further forns at |east either a

| eadi ng conduct i Tke RILGhseostieredistamice catisuriog mestrathend G keprovided to

magnet o-sensitive |layer or at | east one resistance filmpattern for

functi oni n@aaarathe reyistand tdlaes ob RUiGisensaisdi4 e, &6, obtshowmign HIéh

obtai ns the resistance value of at |east either the | eading conductive film
or the regl STRBCRLG kéhsuakt L, 651856, QN arbendtagteuctlrel ebmponenssbgithat e
information contains data about at |east either the obtained resistance

val ue of MR el@aehBut 2B&iedcsefilnh ateirnk @ reibiadd)ed thafjealka deenmiédie of
the resistance filmpattern. 10. A nethod for manufacturing a magnetic

transduceyhagf arsiided 4y GG biMmtlicdRs TP dbtifniining %@Qixﬁ%@é’gf Wtdgihgobt ai ns

the resistance value of the resistance filmpattern on the bar piece,
wher eby tB&’liﬁﬂﬁ%@ ng-wor k-i nformation further contains data

The M sensor resistance measuring instrument 7 is provided to
measure the resistance value of the M sensor 59 shown in FIG. 7. The M
sensor 59 is a dummy MR film having the same dimensions as the MR
element to be manufactured. Similarly to the RLG sensors 54, 55, 56 and
so on, the M sensor 59 is used only as one of indicators for determining the
timing of stopping polishing and is not a structural component of the MR
element.

The memory 13 stores wafer information, S values and
predetermined operation coefficients. The wafer information contains, as
well as data about the wafer 14 itself, data about the structure made on the
wafer 14, such as MR film 113-1 to 113-3, the RLG sensors 54, 55 and 56,
the M sensor 59 and lead conductors (the second lead layers 117). The
wafer information corresponds to a specific example of “base information”

of the invention. In a state in which the structure is made on the wafer 14



about the obtained resistance value of the resistance filmpattern. 1. A
met hod for manufacturi'ng a magnetic transducer according to claimb5, )
wherein the polishing step further obtains a dinmension value of a {7 JUN 2002
predeterm ned portion of the nmagneto-sensitive |ayer on the bar, whereby

t he ongoi ng-wor k-informati on contains data about the ~0 7 JUN 2aa2 -63
obt ai ned di nensi on value. 12. A nethod for manufacturing a nmagnetic
transducer having a magnet o-sensitive 33ayer changing in el ectrical
resistance in response to an external magnetic field, conprising: a film
formng step of selectively formng at, | east.a net,0-sensitive.l ayer on a
or edet er PhBtatRRtiPE atarting PpighTeckiter CutHing FRe FYAICE JAdRIothe BaTS o
plurality of bars each incl udi n% at | east the magnet o-sensitive |ayer and a
pol i shi nglsthepdam isdpibenohtgined by measugemeantorthe loke pafitadesstoped a1 udes:
obtaining information about the bar under working as

ongoi ng- wirek wiafiéo infarmationc sforagetlidng Theseperadiomcerfficiemé ttiable i18gisaapart of
a potential estinmated resistance value of the magneto-sensitive |ayer by
subj ect i nealéevinbh as peevionglyi crgatvest ky nsing matltipie regrasgippdetadysisrthat
operation using values previously subjected to statistical processing as
wei ght i ngiscomd bf atatisticalnschrahed)l dThagperatias icoefficiehtr tblet Ehirclvdese by
using at |east the second value and controlling polishing of the bar so

that the @sffficiBhediforafdeSinaneizhtilg or c@ddilasinghetSvaRies'asd sdefficental ue.
13. A method for manufacturing a nmagnetic transducer according to claim 12,
for use in weighting for calculating K values to be described later. The S
value is data obtained by an operation based on the wafer information and
the coefficients in the operation coefficient table 12. The S value is
estimated data on portions associated with a state before polishing, of
factors which have an influence on a final MR resistance value obtained
through polishing. The S value corresponds to a specific example of “a
first value” of the invention.
The computer 9 comprises CPU (Central Processing Unit) playing
a major part in controlling polishing to be performed by a polishing
apparatus; a hard disk unit storing an operating system (OS) that is a
basic program, an application program for controlling polishing, and the
like; ROM storing BIOS (Basic Input/Output System) that is a program for
booting a system, and the like; RAM that is a working memory; and so on,
although any of these components are not shown. An information
processing apparatus such as a personal computer is used as this type of
computer 9. The CPU is adapted not only to control each part based on

the application program for controlling polishing but also to perform

various operations for polishing and thereby perform the control of an



~0 7 JUN 20U2 -64 wherein the polishing step obtains a dinmension value of a
predet erm ned portion ‘of the nmagneto-sensitive |ayer on the bar pi e[ﬁz ljﬂﬂemnz
wor ki ng, whereby the ongoi ng-work-infornmation contains data about t

obt ai ned di nension value. 14. A nethod for manufacturing a nmagnetic
transducer according to claim 12, wherein the filmformng step further

forms on the substrate at | east one resistance filmpattern for functioning
as a dummy, and the polishing step obtxans the resistance value of the
resistance filmpattern, whereby the ongoi ng-work-information further

contai ns data about the resistance value of the resistance filmpattern.
15. An appaoamisoff pelishingf alcthe ihay 3 eraghetlike braed qucshe resnligos the

magnet o-sensitive |l ayer changing in electrical resistance in response to an
ext ernal opepasions. f i Madnlyc othsr iappligationb pregitam i forocomtrodmomalishing neans
for obtaining information about at |east either a predeterm ned substrate
or a strucdmresparmisl ude nqa atspeedrt axamplet cofsefwiftwane | dyper contmilingel vy
formed on the substrate, as substrate infornmation before polishing

pol i shi ngmeafacthieing® @fi 5 magnatipl traakdhserdf o dssftwhie ot hatishbahpase 1S
cut into, each including at |east the nmagneto-sensitive |ayer ~ 7 JUN
2002 resistance value of a magnetic transducer” of the invention. In the
following description, processing executed by the application program for
controlling polishing will be expressed by, in principle, taking the computer
9 as the subject (the subject word).
The computer 9 performs processing of reading out the S value
from the memory 13. The computer 9 is also adapted to calculate the K
value by performing predetermined weighting to be described later using
the coefficients in the operation coefficient table 12 and various types of
data measured at predetermined intervals during polishing by the RLG
sensor resistance measuring instrument 6 and the M sensor resistance
measuring instrument 7. The K value is an estimate on portions
associated with a state during polishing, of factors which have an influence
on the final MR resistance value obtained through polishing. The K value
corresponds to a specific example of “a second value” of the invention. The
computer 9 is also adapted to calculate, from the S value and the K value,
an average estimate (hereinafter referred to as an MR estimate) of the MR
resistance values of the bar 1 at every time of measurement, thereby
performing the control so as to stop polishing at the time when the MR
estimate reaches a predetermined value. Details of a method of

calculating the MR estimate will be described later. The MR estimate



-65 and polishing control nmeans for controlling the polishing nmeans based
on at |east the substrate i'nformation so that the nmagneto-sensiti ved inUN 2002
included in the bar has a predeterm ned target resistance value. 16.” An
apparatus for manufacturing a nmagnetic transducer according to claim15)
wherein the polishing control neans calculates a first value constituting a
part of a potential estimated resistance val ue of the magneto-sensitive
l-ayer by subjecting the substrate inf-daddmtion to a predeter mined operation
usi ng val ues previously subjected to statistical processing as weighting
coefficients, calgl at es t}}.e esti rTFt ﬁﬁd“ resi stance val ue by i ng .at | east
the first CRIAPSRONGHEP 8 SREFLI €X43BP1SS r?g‘lﬁﬁtlm?éegarﬁs’%a‘?%a’t’a We Edbermat ed
resi stance val ue reaches the tar get resistance value. 17. An apparatus for
manuf act ubM&Rt¥PMagneti ¢ transducer according to claim 15, wherein the
substrate information obtaining neans obtains at |east either a resistance
val ue or sheet rEheRlnoeonkahganathingd ismpovidedstonpolish/thd hges Lnadbeon t he
substrate or a virtual resistance value of the nagneto-sensitive |ayer

cont ai ni nRL& cworkiingg madiise alcis confignesd sis thet | thewséaxtbpndhetoubst r at e
information contains data about at |east either the obtained resistance

val ue or pbkshingasfithlediunel ued centeblled dyrtherohpwend.ti ve | ayer or the

obt ai ned virtual resistance value of the 0 7 JUN 2002 -66

nmagnet o- sensi t i V&Rl of rh8nufittapPg mbgfefieheg@huf act uring a magnetic
transducer according to claim15) wherein the substrate information

obtaining neans Qekel Bsudifod °8f Shanfforatitg A e ctRSheail! eing theadi ng

conductive filmformed so as e electrically connected to t

(0]
magnet o- s ﬁ{elﬁ-@slt%t(ﬁxr'h?% Gpplaths Fé&iﬁggﬂrh%eaﬂdde%{ég} a%H%ofn%Eg'ﬁ'iggigtﬁ Wil gamy.

wher eby t stra ormat1 on arns da out a
described with reference to FIGs. 3A to 3D through FIG. 5. FIGs. 3A to

3D and FIGs. 4A to 4C show a general manufacturing process in the
simplified form. FIG. 5 shows mainly the contents of processing by the
computer 9, more specifically, the procedure for executing the
above-mentioned application program for controlling polishing.

In the method of manufacturing a magnetic head according to the
embodiment, first, as shown in FIG. 3A, a plurality of head cores, each of
which has a stacked structure comprising a reproducing head for reading
having an MR element and a magnetic induction type recording head for
writing, a plurality of conductive film patterns serving as the RLG sensors,
and a plurality of conductive film patterns serving as the M sensors are
formed on the wafer 14 of about 3 inches thick by a thin film process. The
MR element of the reproducing head refers to a unit including the MR film
113, the first lead layers 116 and the second lead layers 117. The MR film
113 corresponds to a specific example of “a magneto-sensitive layer” of the

invention. The first lead layer 116 and the second lead layer 117



either the obtained resistance value of the |eading conductive filmor the
obt ai ned resistance vdl ue of the resistance filmpattern. 19. An aﬂp\grmﬂjsmuz
for manufacturing a magnetic transducer according to claim15, fur#her
conprising: ongoi ng-work-information obtaining neans for obtaining

i nformati on about the bar under working as ongoi ng-wor k-information,
wherein the polishing control neans controls polishing of the bar based on
both of the substrate information and 3the ongoi ng-wor k-i nformation so that
t he magneto-sensitive layer included in the bar has a predeterm ned target
resi stance val ue.,20. An_apparatus for .nanufacturing,a magneti,c Lr,ansducer
hocor d ng SPUCERdn Doa” ARGRDE rCHHEPIS0Rf o EABBRL POTRTRSEHF T Bl #t8s o
first value constituting a part of a potential estinated resistance val ue
of p Z JUXERIIUD -B7ACRAPIHYHLEONBERIRG ia&eleﬁ%{y@?e E\@Tﬁs@@é&%»& et st
substrate_information to a predeterm ned, operation using val ues previously
subj ect edleast dayerssililbaang: dhesseqegdadeadhilghersd Woetha coaaustive afibml at es
the estinmated resistance value by using both of the first value and the
ongoi ng- wprkteins crerrwingoas thed t segisorpohig hiheg cofdudteven £ilns patteamst he
estimated resi stance val ue reaches the target resistance value. 21. An
appar at us séxnngesuflec Mirsengos coagesiond to anspbeific eaampiaiofidat stratt@ire 20,
wherein the polishing control means further cal cul ates a second val ue

consti t ut fgignad paal wafert b€ tks inveitesh.r esi st ance val ue by subjecting the
ongoi ng-work-information to a predeterm ned operation using val ues

previously subj e[fid filen pradess} | cal processing as weighting coefficients,
calcul ates the estimted resistance val ue by using both of the first val ue

and the second Vphe§hifHnf BRide8s FoP flrnfitic theOhedd' @oRA aR@® theaikd ARl
estimated resi stance val ue reaches the target resistance value. 22. An

appar at usyl ot IR LA WA JFAGAED 1§ FIGRNIAUCAIA 20RO PeG! g1¢1 ai m 19,

wherein the substrate 1 nformation obtaining neans obtal ns af ast either a

5L e vl bRl S 152 b DR PR el
magnet o-sensi{{ve, | ayen. SOT3h04 BY Suiialsh 09 cheThS! AN%E. SORBRRErioRs ve! !
(the wafer 14 in FIG. 3A) made of, for example, altic, i.e., a composite
material containing aluminum oxide and titanium carbide. Then, the first
shield film 111 made of a magnetic material such as NiFe alloy is
selectively formed on the insulating film 102 by sputtering, for example.

Then, an aluminum oxide film containing aluminum oxide is
deposited on the first shield film 111 by, for example, sputtering or ion
beam sputtering and then the aluminum oxide film is heated, whereby the
first shield gap film 112 with high insulation is formed.

Then, after an MR effect film is formed on the first shield gap film
112 by, for example, sputtering, a photoresist pattern is selectively formed
on the MR effect film. Preferably, the photoresist pattern having a shape
capable of facilitating lift-off, e.g., a T-shaped cross section is formed.

After that, the MR effect film is etched by, for example, ion milling using



-68 whereby the base information contains data about at |east either the
obt ai ned resi stance vdl ue or sheet resistance value of the

magnet o-sensitive layer or the obtained virtual resistance val ue of dhd JUN 2002
magnet o-sensitive layer. 23. An apparatus for manufacturing a magnetic
transducer according to claim19, wherein the base information obtaining

nmeans obtains the resistance value of at |east either a | eading conductive
filmforned so as to be electrically c¥hnected to the magneto-sensitive

| ayer or a resistance filmpattern formed as a dummy, whereby the substrate

I nfor matipn contains data about at | eas{ either t t ai_ned. resi stance
val e of the 7 er&%stcaﬁaﬁe{li%afmaﬁlbrﬂlﬁée%tté?rhgg%?ﬁgﬁ dildnbaving de of
the resistance filmpattern. 24. An apparatus for_nanufacturing a magnetic
t r ansducePredetorained péaranshaps angnhaizeilp formepol I8 thaFapn sien

further obtains the resistance value of the resistance filmpattern on the
bar, wher étgp phéomnywg te WORKEImf brdreduomy wesintanceohilmi pattens abislt t he
obt ai ned resistance value of the resistance filmpattern. 25. An apparatus
f or manuf ace wo latprdumatjnntasctiier Bh&H semsoraamal theny] sensdraj arel SelectiGelyr JUN
2002 -69 wherein the polishing control neans further obtains a dinension
val ue of formed aistxigy foecexpanplepthefsame magriiloas ehsimhwaidlaythoMRhe bar,

wher eby t he ongoi ng-work-informati on contains data about the
film,

Then, each of the first lead layers 116 is selectively formed on the
first shield gap film 112 by, for example, sputtering using the photoresist
pattern as the mask. Each first lead layer 116 is formed by, for instance,
stacking the permanent magnet film made of CoPt alloy and the conductive
film made of tantalum.

Then, the photoresist pattern is lifted off. After that, although
not shown in FIG. 3A, each of the second lead layers 117 made of, for
example, copper is selectively formed on the first shield gap film 112 by
sputtering, for example.

Then, the second shield gap film 114 is formed on the first shield
gap film 112, the MR film 113, each of the first lead layers 116 and each of
the second lead layers 117 in the same manner as the first shield gap film
112. After that, the second shield film 115 made of a magnetic material
such as NiFe alloy or iron nitride is selectively formed on the second shield
gap film 114 by sputtering, for example.

After forming the second shield film 115, the write gap 121 made

of an insulating material such as aluminum oxide is formed on the second

shield film 115 by sputtering, for example. After that, the photoresist 122



obt ai ned di nensi on val ue. 26. An apparatus for manufacturing a magnetic
transducer havi ng a negneto-sensitive |ayer changing in electricallﬂ Z JUN 2042
resi stance in response to an external magnetic field, conprising: cutting
means for cutting a substrate, on which at | east a magneto-sensitive |ayer
is selectively forned, into a plurality of bars each including at |east the
magnet o- sensitive | ayer polishing nmeans for polishing the bars, and

engoi ng-wor k-i nf ornmati on obtai ni ng neadts-f or obtai ning infornmation about

t he bar under worki ng as ongoi ng-work-i nformation, polishing control neans
for cal culating a second value constituting a part, of a potential estimted
resi st anc® $elptidvely formedaihtheowsdagan 12l %ay&mg ithogranhyi ngl hats 198t ai ned
ongoi ng-wor k-informati on to a predeterm ned operation using val ues

pr evi ous| yhiguBilec ceids 1123 aae isetactivelyp foaedion the nhatgrasisig 1886y, firent s,
calculating the estimated resistance value by using at |east the second

val ue, andxampileopldatmg pol smittegngf Thenpdhe sphathrasisthd24sisi seleetdvely

resi stance val ue reaches the target resistance value. 27. An apparatus for

manuf act uformged omghetpliotbresistdl2rand Ghé JhiN HDML coild.128c dwridiengaie cl ai m
26, wherein the polishing control neans obtains a dinmension value of a

predet er Mipiathdi0rdsi @Re Obhbitte SBRONELD- SeNhéA, (Re! iy i t&RIDaR5INHRr
wor ki ng, whereby the ongoi ng-work-information contains data about the

obt ai ned giigBAPLRNGOEdPon e HbBRARRL S ihOhe TUIE BhkHAGNAs AHIPGHR! | ©

transducer according to claim™26, wherein the polishing control neans

ot 05 Ml nec vkl 6. ol agir 00 GEURLA0GS, PR c0 )
further cpp @h%or%@%s? 124 and the thin film coils 125 in the same manner as the
photoresist 122..
After forming the photoresist 126, the write gap 121 is partially
etched, whereby the opening 121a is formed near the center of the thin film
coils 123 and 125. After that, the second magnetic pole 127 made of a
magnetic material such as NiFe alloy or iron nitride is selectively formed
on the write gap 121 and the photoresists 122, 124 and 126 by sputtering,
for example.
Then, the write gap 121 and the second shield film 115 are
partially etched by, for example, ion milling using the second magnetic pole
127 as the mask. After that, the overcoat 104 made of aluminum oxide is
formed on the second magnetic pole 127 by sputtering, for example.
As described above, as shown in FIG. 3A, many thin film magnetic
head cores, each of which includes the reproducing head using the MR
element and the magnetic induction type recording head, many RLG

sensors and many M sensors are formed on the wafer 14. An arrangement

of the RLG sensors and the M sensor in the bar will be described in detail



about the resistance value of the resistance filmpattern. 29. A nethod for
manuf act uri ng a nagneti ¢ héad conprising a magnetic transducer for
reproduci ng i nformati on having a nagneto-sensitive | ayer changing ﬁnY JUN 2002
el ectrical resistance in response to an external magnetic field, conprising
the steps of formng polished bars each including a plurality of magnetic
transducers by a manufacturing nmethod according to claim 1~ and cutting the
bar into a plurality of head sliders-&d%h including at | east one magnetic
transducer. ~0 7 JU ~ foul -71 30. An apparatus for manufacturing a

magneti c head conpri si gpetic trapsducer for reproducing information
havi ng a w@mfe)reg@ﬁépm %g? d&?é‘ﬁ@‘?cﬂ teF el ectrical resistance in
response to an external nmagnetic field, conprising: an apparatus for

manuf act uri ng a Imaghet e@bpgansancm thecabeveiantioned; thirsfilahdrecessti ng
apparatus for cutting each of polished bars forned by the apparatus for
manuf act uvangus typgeeof ovafeansdformationnaoe apyraviguslyi olytadneche&delsl Bakrs each
i ncluding at | east one magnetic transducer. 31. Software for controlling
manuf act ugpegficdlly, imgnetiatelyr after dorming ehe MR ifilnd13f ahe urdsigtavice a
magneti c transducer having a magneto-sensitive |ayer changing in electrical

resi st ancglm pdtesmenpefumtivn axtled RAUG ¥BsEsi and the M seAsHT Snd'@o oh,step of
obtaining informati on about at | east either a predeterm ned substrate

Suppor ti ng phfke BRANREAsRARE! ddpsiat @Y GotWhotviD! fsUsioviphit iRfd eshitagt shitheast
t he magnet 0-sensitive layer forned on the substrate, as substrate

i nformatigp REHO'SE tRAk thEraGisfditke value, sheet resistance and the like of each

of the films are previously measured. Immediately after forming the first
lead layers 116 and the second lead layers 117, the probe of the measuring
apparatus is brought into contact with the lead pattern including the first
lead layers 116 and the second lead layers 117 so that the resistance value
and the like of the lead pattern are previously measured. Details of the
wafer information obtained by the measurement will be described later.
Step SO of obtaining the wafer information corresponds to a specific
example of “a step of obtaining substrate information” of the invention.

The arrangement of the MR film 113, the RLG sensors and the M
sensor on the wafer 14 will be described.

FIG. 7 shows a planar arrangement pattern of the MR film 113,
the RLG sensors and the M sensor in a single bar 1 cut from the wafer 14
and the respective planar shapes thereof. Before cutting the bar 1 from
the wafer 14, the wafer 14 includes a plurality of sets of arrangement
patterns shown in FIG. 7. In FIG. 7, only the MR film 113 of the head
core is shown, while the first lead layers 116, the second lead layers 117

and the other films are not shown.



a control step of controlling polishing of a plug ality of bar s which the
substrate is cut into,’ each including at |east the nagneto-sensitiwr7lgnﬂrzmu
wherein the control step controls polishing of the bar based on at 1east

t he substrate information so that the magneto-sensitive |layer included in

the bar has a predeterm ned target resistance val ue. 0 1 JUN 20U2 72 32.
Software for controlling manufacturing of a magnetic transducer according

to claim3l, further conprising: a stefof calculating a first val ue
constituting a part of a potential estimted resistance value of the

magnet o-sensitive | ayer by biecting {he sf.rate_information to a
predet er mi ned opef SLPHR %Fi‘é baalpégrfp#féw@% E}{@Eﬂjlgt':]frehl'?t'gv 44313 st-i cal
processing as wei ghting coefficients and a step of calculating the

esti mat edaregreangedeon A singhy bagi hglang adasgitudinglidizectian abthevbarel.n t he
control step controls polishing of the bar so that the obtained estinmated
r esi st anc@hediirs¢é RleGcdemsor e isdogatedr petmateantte= VAR fidms3B13-Safndvddd-2,or
controlling manufacturing of a magnetic transducer according to claim 31,

further coi@esecnddRLG sdrpr &b islibadted igtwaénthaMRfilabo Ul 32wnddn3eg)der
polishing as information during working, wherein the control step controls

pol i shingaffl fHeethizd RRELEeAsorP86N thé MheervdpHI ahd thd dkehi&Nocdtddt he
ongoi ng-wor k-i nformation. 34. Software for controlling manufacturing of a

reonel L, bSO 0L gl g s i o 5t of

The patterns of the RLG sensors 54, 55 and 56 and the M sensor
59 have different dimensions. A plurality of sets of these sensors is
formed on a single bar 1. The respective edges of the MR films 113-1,
113-2, 113-3, ... and the RLG sensors 54, 55 and 56, opposite to a cut
surface 1a are adapted to match a virtual line 57 parallel to the cut surface
la. The cut surface 1la is a surface which is to be finally the air bearing
surface by being polished by the RLG working machine 8.

In the embodiment, the first RLG sensor 54 has a width W1 of 20
um and a height H1 of 20 um. The second RLG sensor 55 has a width W2
of 20 pm and a height H2 of 10 um. The third RLG sensor 56 has a width
W3 of 30 um and a height H3 of 10 um. The M sensor 59 has a width W4
of 1.0 um and a height H4 of 5.5 pm.

The computer 9 writes measured values, which have been
obtained by measuring the wafer 14 before being cut, into the memory 13
as wafer information before polishing. More specifically, first, in a state in
which the MR elements 113-1 to 113-3, the RLG sensors 54, 55 and 56, the
lead pattern (the first lead layers 116 and the second lead layers 117) and

the like are made on the wafer 14, the probe of the measuring apparatus



estimated resi stance val ue of the nagneto-sensitive | ayer by suqupqig?Npumz
substrate information to a predeterm ned operation using val ues 0 1 JUN
"luul -73 previously subjected to statistical processing as weighting
coefficients, wherein the control step calculates the estinated resistance
val ue by using both of the first value and the ongoi ng-work-infornmati on and
controls polishing of the bar so that the estinated resistance val ue
rreaches the target resistance value. 3%l -Software for controlling

manuf acturi ng of a magnetic transducer according to claim 34, further
conprising: a step,of calculating a second val ue constituting a part of the
est i mat ed%n@ts shownd ds papughbynt, epreact ﬁ@ltgh%a%hgapw%ﬁekppm% tthen to a
predet erm ned operation using values previously subjected to_statistical

pr ocessi ngvafer idi ehthaly vaseusi typeatef, wafear wifermation gthove intlBlG.c8lanel at es
the estimated resistance val ue by using both of the first value and the
second vameasarddcorftheng| thepobinphitey Dfcamises bdve swernoigt 1i8héo estorerdthed

resi stance val ue reaches the target resistance value. 36. Software for
control | i obtaimedfveafeninfogmaftion.magneti c transducer, for use in

manuf acturi ng of a magnetic transducer having a magneto-sensitive |ayer

changi ng in el ecTheC@&mpatdrsDanRk® calchdsiesnse S ovalieefbfl the AHWNC
field, conprising: a control step of controlling polishing of a plurality

of bars wWahGhHtiBn A1 PUSH tHe\Rafet YRt BogupPpPOrting the magneto-sensitive
| ayer is cut i1nto, each including at | east tree magneto-sensitive |ayer
[0084]
S value=C0+Z(Ci X Si) (1)
[0085]
where i=1 to 17, Si denotes wafer information in a variable list
shown in FIG. 8 to be discussed lafer, and Ci denotes weighting coefficients
in a coefficient list shown in FIG. 9 to be discussed later. FIG. 8 shows the
types of wafer information measured in the thin film process of the wafer
(or before starting polishing) and the types of ongoing-work-information
measured in a working step to be described later, in conjunction with
variable names. FIG. 9 shows an example of coefficient values, which are
previously obtained by a statistical scheme based on empirical facts,
corresponding to variables (various types of wafer information and
information during working). For example, multiple regression analysis
can be used as the statistical scheme. In FIG. 9, a variance ratio for each
variable is also shown.
Each of the wafer information shown in FIG. 8 will be described in

detail. Only the wafer information will be described, and the information

during working will be described later.



0 7 JUN 2002 -74 a step of obtaining information about the bar uni]ez &Nazugz
pol i shing as ongoi ng-work-i'nfornmation~ and a step of cal cul ating e

val ue constituting a part of a potential estinated resistance value of the
magnet o-sensitive | ayer by subjecting the obtained ongoi ng-work-information
to a predeterm ned operation using values previously subjected to
statistical processing as weighting coefficients) wherein the control step
cal cul ates the estimted resi stance vad2ie by using at |east the second

val ue and controls polishing of the bar so that the estimted resistance
val ue reaches thfz target resistance value. 37. Software for estimating a
resi stance val uelHBar %Mi(BQWMducer, fox estimating an el ectrical

resi stance value of a magneto-sensitive layer in a step of manufacturing a
magnet i ¢ transdudeunigug mymbemgfethe dansilt twe fremethe maltgirng4i rwhichet ri cal
resi stance in response to an external magnetic field) conprising: a step of
obt ai ni ngconfaansaan oideabifichtian haastereicahablea ofriddatifyimgnéble swhfdrr dde
supporting the magnet o-sensitive layer or a structure including at |east

t he magnewhiskntdid ibae [aigetuf dromd 2ol tdie idemddfication wsmbebsiéapubde of
informati on before polishing a step of calculating a first val ue

const i t ut identayRAE thobositival Githeaarebin UBé eehfsegist ance val ue of the

magnet o-sensitive | ayer by subjecting the obtained substrate information to
a predeterm ned BCheraR WFi O sRkbPSralistuhes shiriagPIBekatio® & dabsti cal
processi ng as wel ghting coefficients and o T ~uN Zaa2 -75 an estimating
step of ¢ mlng;ng the estinmated resistance value by using at |east the
first value. 38." Software for estinmating a resistance val ue of a nagnetic

transducer accorgin | a4 M 3L LM il NG St ep..Qf;.00t ai ni ng
i nformation abouﬂ{et %X&gag:é gfnggesgs%gf:?stﬁqﬁés ‘ggr{glﬁg .%‘g‘ls rlﬁl-ignsﬁgglﬁa%%m and
a step of _galgculating a cond val ue constituti . t of the estimated
r esi stanc@"i\}fﬂﬁée W%ﬁ'ﬁfé?ﬁrﬁtﬁ Fﬁgg’fﬁﬂ%ﬁ ﬁi‘b‘%ﬁéggﬁgl‘%i%ﬁfrﬁ’% tion to a
pr edet er mi ned opgratj on usi,ng val ues Pr evi ously subjected to statistical
processing as we hHaﬁ’@ec&gf& cJeDSPE | refetach @Hél‘étlpﬁ%r@ﬁ’@nstlé‘p bar

cal cul ates the estimated resistance value by using both of the first value
and the sE&MBN@AI ue.

the range of distribution (a difference between a maximum value
and a minimum value) of resistance values of the M sensor in a single bar,
which are measured during integration (during the thin film process).

[4] Average of RLG sensor (R1) resistance during integration in
bar (R1AVG):

the average of resistance values of the RLG sensor 54 (R1) in a
single bar, which are measured during integration (during the thin film
process).

[5] Standard deviation of RLG sensor (R1) resistance during
integration in bar (R1STD):

the value of the standard deviation of resistance values of the RLG
sensor 54 (R1) in a single bar, which are measured during integration

(during the thin film process).



39. Software for estimating a resistance value of a magnetic transapc 02
for estimating an electrical resistance value of a nagneto-sensitﬂ e-ﬁgbgp
in a step of manufacturing a nagnetic transducer having a magneto-sensitive
| ayer changing in electrical resistance in response to an external nagnetic
field, conprising: a step of obtaining information about the bar as

i nformati on during working, during polishing a plurality of bars which a
predet erm ned substrate supporting thé3magneto-sensitive layer is cut into,
each including at |east the magneto-sensitive |layer a step of calculating a
second val ue co ptutin r{ of a 7 JUN 2U02 -.76 potential .

ettt ed resi SUBhAVAFARR STORLEh SR ). Cesteiincs T wiife, TS ERHbAR  ng t he
obt ai ned 'nf@gggb%ﬁn during working to a pr edeterm ned operation using

val ues pred4 y“®ubjected to statistical processing as weighting
coefficients and_a step of calculating the estimated resistance, val ue by
using at |east tihe avergge ofarasistange valugs ok ihe RLEoseRssY) 5%3&2&&91‘ act uring
of a magnetic transducer, for use in manufacturing of a magnetic transducer
havi ng a simglebarseddchiare mepenrehdugingyintegeationr(dewing ¢be sthan cfzlonn
response to an external magnetic field, conprising: means for obtaining

i nf or mat i procabut at | east either a predeternined substrate supporting the
magnet o-sensitive |layer or a structure including at |east the

magnet o- sensi ti §] | Sysaiddrdr dediativd e RUGt seisor R25 uesistahe idilrdngat i on
before polishing and control neans for controlling polishing of a plurality

of bars whitegrdtiéh f/bat (RRSTDY: cut into, each including at |east the
magnet o-sensitive | ayer, wherein the control nmeans controls polishing of

the bar based onpgtydi§ask th %géx&ﬁ)aﬁldf&éﬁaéiaﬁ%ﬂf@éik%&ovém@é of BRe RLG

magnet o-sensitive |layer i1ncluded in the bar has a predeterm ned target

eSSl A 0 3B 8, SRBOL MBI BT

(during the thin film process).

[8] Average of RLG sensor (R3) resistance during integration in
bar (R3AVG):

the average of resistance values of the RLG sensor 56 (R3) in a
single bar, which are measured during integration (during the thin film
process).

[9] Standard deviation of RLG sensor (R3) resistance during
integration in bar (R3STD):

the value of the standard deviation of resistance values of the RLG
sensor 56 (R3) in a single bar, which are measured during integration
(during the thin film process).

[10] Average of MR film resistance during integration in bar
(IMRRAVG):

the average of resistance values of the MR film 113 in a single bar,

which are measured during integration (during the thin film process).



_77 means for calculating a first value constituting a part of a ﬁgteﬂ -Na%UZ
estimated resistance val ue ‘'of the magneto-sensitive |ayer by subj t7i Q t (Q
substrate information to a predeterm ned operation using val ues previously
subjected to statistical processing as weighting coefficients and neans for
calculating the estimated resistance value by using at |east the first

val ue, wherein the control neans controls polishing of the bar so that the
obt ai ned estimated resistance val ue refhes the target resistance val ue.
42. A system for controlling manufacturing of a magnetic transducer
according to claim,40, further cqonprising..,means for optaini.ng informtion
about the bar untﬂe]r] %@I’ﬁdéﬁitirfgw&%tl%dgi - iy resistanae G usineg WRESEAHhe
control neans c¢ontrols polishing of the bar based on both of the substrate
i nformati mbéﬁzIMB@%gi ng-wor k-i nformation. 43. A systemfor controlling
manuf acturing of a magnetic transducer according to claim42, further
conpri si ng: neanthe standard dexiatien af resistangs vaduesoefsthier MiB Admal bhin aof a
potential estimated resistance value of the magneto-sensitive |ayer by

subj ect i ngingie arbsrhighearentrasmredrduning iptegtationn{diaing pleathionfilsi ng

val ues previously subjected to statistical processing as weighting

coef fici eptscess).0 7 JUG 2aa~ -78 wherein the control neans cal cul ates the
estimated resi stance val ue by using both of the first value and the

ongoi ng- wor k- i nf pyatA iragad ofOMAP! Pedilainshi Mrdig t HftebadtioR tiRatbarhe
estimated resi stance val ue reaches the target resistance value. 44. A
system f o pey@d:! i ng manufacturing of a magnetic transducer according to
claim43, further conprising: nmeans for cal culating a second val ue

constituting a pg{d a@éra?g%f‘?@éiis dy 1685 DF BRE feaPpaGe R it '*ébéiﬁ%éélggr,t he

ongoi ng-work-information to a predetermned operation using va

previ ousl | §.St 1 d [; i i fficients,
Wherei n t HATEERFE bthalted Ik} B AR FARIMR oBE AL ERR BIReERT | ' B
using both of th i&st value and the. second.val ue and control s.pol.i shing
of {he bar so t nE cHendsR S aRtieh oot RERE Bk Hnee BRRECRE iy ap

resi stanc v?tﬁ . ., A systemfor controlling manufacturing of a nagnetic
t ransducePar 'n manufacturing of a magnetic transducer having a

the standard deviation of resistance values of the lead pattern in a
single bar, which are measured during integration (during the thin film
process).

[14] Average of sheet resistance during integration in bar
(SheetRAVG):

the average of sheet resistance of the MR film 113 in a single bar,
which are measured during integration (during the thin film process).

[15] Standard deviation of sheet resistance during integration in
bar (SheetRSTD):

the standard deviation of sheet resistance of the MR film 113 in a
single bar, which are measured during integration (during the thin film
process).

[16] Average of virtual resistance during integration in bar



magnet o-sensitive | ayer changing in electrical resistance in response to an
external magnetic field, conprising: control neans for controllirfy7 JUN 2002
polishing of a plurality of bars which a predeterm ned substrate supporting
I he magneto-sensitive layer is cut into, each including at |east the

magnet o-sensitive |ayer nmeans for obtaining information about the bar under
pol i shing as 0 7 JUN 200't .79. ongoi ng-work-information~ and neans for
cal cul ating a second value constituti-dp a part of a potential estinated
resi stance val ue of the magneto-sensitive |ayer by subjecting the obtained
i nformati mc&? working to a predeterm ned operation using val ues prey
iously su o statistical processing as weighting coefficients,
wherein the control means cal cul ates the estinmated resistance val ue by

usi ng at |east theazeeagegolertualaegistanes of theoMiR EibmnHlHin erfangle bay t hat
the estimated resistance val ue reaches the target resistance value. 46. A
conput er wtlearé calcutased durimg integuatioy (dariagthgribin floy presdsdler having a
magnet o-sensitive | ayer changing in electrical resistance in response to an
ext ernal magnet i A7 iSthodarbdpviasiorgof virtmal fesistahtaiduiring imegraton an about
at | east either a predeterm ned substrate supporting the magneto-sensitive
| ayer or Bast{SVRSOIE:i ncluding at |east the nagneto-sensitive |ayer foxmed
on the substrate, as substrate infornmation before polishing and control

means for contr ofel gtdndalkd HeviEtiod of vittuaRkédi¥tatice RiFthe 'WIFC AlhhE1g YRSt rat e
is cut into, each including at |east the nmagneto-sensitive |ayer, wherein

the contrlg rﬁaﬁ%ﬂi&:ﬁ'ﬁep&m%xﬁm@& d‘&friﬂéﬁlt'%glfat!m ?ﬁuﬂ% he! ﬁggéiéhﬁe

substrate informati on so that e magnet o-senSitive layer i1nc I'n the
bar has appgc%ggt erm ned target resistance val ue.

A method of calculating lead resistance RL of a single MR element
during integration and virtual resistance RSV (=C+RSH XW1) of a single
MR element during integration will be described. C is called crowding
resistance and represents the degree of difficulty of the passage of current
resulting from the concentration of current on the connection between the
MR film 113 and the first lead layer 116 (i.e., a type of contact resistance).
RSH represents sheet resistance and is given by resistivity p/film thickness
t.

The method of calculating the lead resistance RL during
integration and the virtual resistance RSV during integration is as follows.
That is, provided that the resistance values of the RLG sensors 54, 55 and
56 are indicated by R1, R2 and R3, respectively, that the resistance value
of the lead pattern (the first lead layers 116 and the second lead layers 117)
is indicated by RL and that the sheet resistance of the MR film 113 is
indicated by RSH, the following equations (2) to (4) hold as are apparent
from FIG. 7.



p 1l JU-i ~uu~ -80 47. A conputer systemaccording to claim46, further
conprising: means for talculating a first value constituting a par t ?fJBN 2002
potential estinmated resistance val ue of the magneto-sensitive |ayer Dby

subj ecting the substrate information to a predeterm ned operation using

val ues previously subjected to statistical processing as weighting
coefficients and neans for calculating the estinmated resistance val ue by
using at |least the first value, wherei4Bthe control means controls

polishing of the bar so that the obtained estimted resistance val ue

reaches the targgt_resi M A conput system according to
claimd46, furt heﬁtlt?gﬁ'p*'r@téﬁﬁfg&@@ﬂ%]obt ai ni nge(%?ﬁ ormati on about the bar
under polishing _QNngoing- - r j on, wherei.n the control neans
controls polishi ﬂé—g‘iﬁ%ﬁﬂﬁ@%ﬁégﬁamt h of the(3£ubst rate information
and the ongoi ng- wor k- i r}f or r’rﬁtz on. 49. A conputer syit em according to claim
48, further conpRosAg(CAHANRI > UBYEHRting a i3t val ue constituting a

part of a potential estimated resistance value of the magneto-sensitive

| ayer by subj ect Asgshaven smbsGat'e HBFOI3-H hta, oW26V ok W BeWi rae chre
operation using values previously subjected to statistical processing as
wei ght i ng sabsffifutetcints ,eqmdae'roejisr(zglhe (epnwherebyetins fulbdwinlga¢ psatidres )i mat ed
resi stance p 7 JUN 200t -81 value by using both of the first value and

the ongoi Hg{4a)r kre sHtRine@! | skidd benidtel shaeld 8dhdtesef sinalleP@bnstarithat the
estimated resi stance val ue reaches the target resistance value. 50. A

conput er ghgh ¢ aRAOfH 3Gk PleChah o 49, further conprising: means for
cal culating a second val ue constituting a part of the estinated resistance

val ue by subj ect RRGRYNFCPRIPLRERINW1)/B 107 MRt i on t@,a predet er mi ned

operation using values previously subjected to statistical processing as

wei ghting coeffi Rggﬁigcm%@h@%?%w?(ﬂ.amans (ggj cul ates the estimated

resi stance val ue by using val ue and t he second val ue and

controls polishi 3%82142(?@#?%I);g%&i?%ﬁ+ha3/(ﬁsltﬁmt E(gay esi stance value r

eaches the targe

Therefore, the lead resistance RL during integration and the
virtual resistance RSV (=C+RSH X W1) during integration expressed by the
following equations (5) and (6), respectively, are obtained by solving the
above simultaneous equations with three unknowns.

RL=R1+(H1-a) X (R1-R2)/a (5)

RSV=-H1X(H1-a) X(R1-R2)/a (6)

A set of RL and RSV 1s obtained for each set of RLG sensors 54, 55
and 56.

Variables Si shown in FIG. 8 and coefficients Ci shown in FIG. 9
are substituted into the above equation (1), whereby the following equation
(1’) is obtained.

S value=-23.036+(-0.005*ROWNO)+(-2.155* IMAVG)

+(1.764*IMRNG)+(6.029*R1AVG)+(-2.435*R1STD)
+(-5.134*R2AVG)+(1.077*R2STD)+(7.116*IMRRAVG)



51. A conputer systemfor use in manufacturing of a magnetic transducer
havi ng a magneto-sensitive 'l ayer changing in electrical resistancelih JUN 2002
response to an external nagnetic field, conprising: control neans for
controlling polishing of a plurality of bars which a predeterm ned

substrate supporting the nmagneto-sensitive |layer is cut into, each

i ncluding at | east the magneto-sensitive |ayer neans for obtaining
irnformati on about the bar under polishMhg as ongoi ng- wor k-i nformati on~ and
means for calculating a second value constituting a part of a potenti al
estimated resistance v&{ue of the nmagneto-sensitive |ayer by JUN 2002

-82 subj ecting the obt® G reesRAN GiH(Q.281 ST heetRSTRL a predeg@rn‘i ned

operation using values previously subjected to statistical processing as
wei ghti ng coef f i Aftentad], inhthreeembiodementit thel caneputerclobbaiatsethet Bevalsiei mat ed
resi stance value by using at |east the second value and controls polishing
of the babysusihpaiquiahipnetlas) aiddausss theafcealvualtoche etrbdsint the Savalgpet

resi stance val ue. 52. A conputer systemfor estinmating an el ectrical

resi st ancetorageld 10if the Mamerp-13€@edy S¥énlFIgRB)i N a step of manufacturing a
magneti c transducer having a magneto-sensitive |ayer changing in electrical

resistance in repROS Qahfe AHhyehé ProdousheBLlculated ByH usiBhySdomputegans for
obtai ning information gbout ayf I ggst 0ei ther a prede)tdgrsm' nedysg%g?lrlate

suppor ti “%@é@gnﬁaﬂﬂ?&q §8H§5' §Vﬁ.é aYI?rofﬁfneas ECidIbRll '&Ell%ﬁdid},%gtthlee%t

t he magne nsitive |ayer rred’ on the substrate, as substrat

| nformati ol BE{QY § f8§'fds§ NhSol0BARE Ll 2h4VY An' bthby YL %he S

constitutrng a part
value has only to be calculated before starting polishing.

Returning to FIGs. 3B to 3D, the description will be given.

As shown in FIG. 3B, the wafer 14 is cut into many rectangular
bars 1 having predetermined dimensions. Each bar 1 is adapted to
include the arrangement of a plurality (a plurality of sets) of MR films,
RLG sensors and the like. The wafer 14 is cut by a dividing pattern
shown in FIG. 6, for example. In an example shown in FIG. 6, 104 bars 1
are cut from a substantially available region of the wafer 14. A single bar
1 includes, for example, 38 head cores each having the MR film 113, 24
dummy RLG sensors, and 5 dummy M sensors.

Then, as shown in FIG. 3C, the bar 1 is fixedly bonded to the jig 2
with the cut surface thereof (the surface to be the air bearing surface)
upward. Used is the jig 2 which has the bar code 3 corresponding to the
bar number indicating the wafer 14 which the bar 1 is cut from and the
position occupied by the bar 1 in the wafer 14.

Then, as shown in FIG. 3D, the bar code 3 attached to the jig 2 is

read by the bar code reader 4, whereby the number of the bar 1 is



potential estimated resistance value of the magneto-sensitive layer by
subj ecting the obtained substrate information to a predeterm ned p rm'(muz
usi ng val ues previously subjected to statistical processing as wel ghtl rﬂ;
coefficients and estimating nmeans for calculating the estinated resistance
value by using at least the first value. 53. A conputer systemaccording to
claimb52, further conprising: 0 7 JUN 2002 -83 neans for obtaining
i-nformati on about the bar under polistd&g as ongoi ng- wor k-i nf ormati on~ and
means for calculating a second val ue constituting a part of the estinated
resi stance_val ue_ by subjecting the obtained ongoi ng-work-information to a
pr edet er rril‘ﬂ@ttlfé@d}r ation using values previously subjected to statistical
processi ng as wei ghting coefficients, wherein the estimting nmeans
cal cul ates the e?gEnaa@dhowgithé&athﬁeﬁgﬁ helding blae haofl isiset onrtdte val ue
and the second value. 54. A conputer systemfor estimting an electrical
r esi st ancRhal werkinga magmaeo8senstilaty éhé aREG iworking emachimaifstattsr i ng a
magneti ¢ transducer having a magneto-sensitive layer changing in electrical
resi st ancgolishimsthnag surface efdherbad 1.nagnetic field, conprising: neans for
obt ai ning i nformati on about the bar as ongoi ng-work-information, during
polishing a plurakishswef ifPRIG. B Prh_aast@;?%ﬂ%ﬁém eShdas1 [ fHeCcobpRfdr | N9
t he magneto-sensitive layer is cut into) each including at |east the
magnet - S@tabhbii2s! thYYesiBaME: (RlucsBIHL ML N0 AE 9A%5Y A6 AR el [ N9 2
part of a potential estimated resistance value of the magneto-sensitive
| ayer by . . . el Cing . .
pr edet er m§%§eig€ag{pég ;\gatl}.xg ﬁ"ﬂ?‘feﬁ%m S‘g’fs(&g ;%gp rﬁgt\? %\Jséw qas1 %%%EZ%{ ggo riegegﬁré? T tdi cal
pr ocessi ng. wei ghti-ng ceefficient ans, f okocal at.i th
esti mat edgvgéilg?eéﬁgé (‘\afgr’u sﬁ?f tésf@ﬁggﬁpfgggﬁn ?Wg §gcl ngf@a}tﬁzggtep 83).
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resistance values thereof, while the sensor resistance measuring

instrument 7 brings a probe 21 into contact with the M sensor 59 and
measures the resistance value thereof. The computer 9 also calculates an
MR height HMR by using the following equation (7) using the measured
resistance values of the RLG sensors 54, 55 and 56, the measured
resistance RL of the lead pattern and the already-obtained virtual
resistance RSV during integration as the wafer information.

HMR=RSV/(R1-RL)=C+RSHXW1/(R1-RL) (7

Then, the computer 9 reads out coefficients associated with
measurement parameters from the operation coefficient table 12 previously
created by multiple regression analysis of the measurement parameters
during polishing. Furthermore, the computer 9 performs weighting by the
following equation (8), that is, the computer 9 multiplies the read-out

coefficients by the values of the measurement parameters and adds the
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value to the K value calculated from equation (8a), thereby calculating an

MR resistance estimate (step S6).

Furthermore, the computer 9 compares the calculated MR
resistance estimate to a predetermined threshold value Rth (a target
resistance value). When the MR resistance estimate is equal to or more
than the threshold value Rth (YES in step S7), the computer 9 stops the
RLG working machine 8 from polishing (step S8). When the MR
resistance estimate is less than the threshold value Rth (NO in step S7),
the computer 9 returns to step S2 and causes the RLG working machine 8
to continue polishing, thereby reducing the MR height. Steps S2 to S8 in
FIG. 5 correspond to a specific example of “a control step” of the invention.

In the embodiment, the S value is captured from the memory 13 at
every monitoring cycle. However, this example may be replaced by the
following example. That is, the S value is captured only once at the time
of starting polishing, the S value is stored in, for example, DRAM (Dynamic
Random Access Memory) or the like in the computer 9, and the S value is
read out at every monitoring cycle so that the S value is used to calculate
the MR resistance estimate as described above.

Then, as shown in FIG. 4C, the bar 1, which has finished
undergoing the polishing step, is cut into separate magnetic head sliders 15

with predetermined dimensions by a dicing step or the like.

[Distribution of resistance values of MR films of manufactured
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FIGs. 12A and 12B show the result of measurement of resistance
values of MR elements of many magnetic heads manufactured by using a
method and an apparatus for manufacturing a magnetic head according to
the embodiment. FIGs. 13A and 13B show the result of measurement of
resistance values of MR elements of many magnetic heads manufactured
by using a method and an apparatus for manufacturing a magnetic head of
the related art. FIGs. 12A and 13A are histograms of distribution of
resistance values of MR films obtained. In FIGs. 12A and 13A, the axis of
abscissas represents an MR resistance value, and the axis of ordinates
represents frequency. FIGs. 12B and 13B show a distribution of the
average of MR resistance values of MR films obtained from each bar. In
FIGs. 12B and 13B, the axis of abscissas represents a change (transition) of
each bar, and the axis of ordinates represents an average MR resistance
value of each bar.
As is clear from FIG. 12B, according to the manufacturing method

and apparatus of the embodiment, in, for example, a group WA4 of average
MR resistance values of the bars obtained from a single wafer, a range of
variation in the average MR resistance values of the bars is as narrow as
about 1.2 Q. Even in a group WA2 or WA3 exhibiting the widest range of
variation, the range of variation is about 3 Q or less. The average MR
resistance value of each wafer is substantially fixed and exhibits a very

narrow range of variation. Consequently, as a whole, the range of

distribution is also narrow as shown in FIG. 12A. In an example shown in
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FIG. 12A, the average of all the resistance values was 45.58 Q, and the
standard deviation thereof was 0.47 Q.

On the other hand, in the related art shown in FIG. 13B, the range
of variation in the average resistance values of the bars obtained from a
single wafer is as wide as about 5§ Q at the maximum. The average MR
resistance value of each wafer exhibits a wide range of wafer-to-wafer
variation. Consequently, as a whole, the range of distribution is also wide
as shown in FIG. 13A. In an example shown in FIG. 134, the average of
all the resistance values was 44.2 Q, and the standard deviation thereof
was 1.22 Q.

As described above, according to the method of manufacturing a
magnetic head of the embodiment, various types of factors in a wafer stage
which may have an influence on the resistance value of the final MR film
are expressed as the S value using the statistical scheme before starting
polishing, and various types of factors in a polishing stage which may have
an influence on the resistance value of the final MR film are expressed as
the K value using the statistical scheme at regular intervals during the
polishing step. From the two values, the MR resistance estimate during
the polishing step is calculated every moment so as to stop polishing when
the MR resistance estimate reaches the target resistance value. As a
result, the MR resistance value of the manufactured magnetic head can fall
within a target range with high precision, and variation in the MR
resistance value can be reduced.

In other words, according to the embodiment, the timing of
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10n 0
data (wafer information) which are obtained at the time when the MR
elements and the like are integrated on the wafer or at the time before
starting polishing. Therefore, compared to the related art in which the
dimensions of the elements are tracking-controlled while the MR height is
only monitored, the embodiment can reduce factors of variation which have
been already produced during integration of the elements on the wafer, and
consequently the embodiment can make the MR resistance values of the
wafers and the bars uniform. Moreover, an absolute value of each MR
resistance hardly falls outside an appropriate range of numerical values.
Therefore, a yield of a product can be greatly improved.

According to the embodiment, both of the S value and the K value
are calculated based on the statistical scheme. Therefore, optimum
control of polishing based on empirical facts can be performed. As a result,
the embodiment is still more effective in making the MR resistance values
uniform and making the absolute value of the MR resistance appropriate.

Although the invention has been described above by referring to
some embodiments, the invention is not limited to these embodiments and
various modifications of the invention are possible. For example, in the
above-mentioned embodiments, the MR resistance estimate is calculated
using both of the S value and the K value, but the invention is not limited
to these embodiments. For instance, the MR resistance estimate may be

calculated in consideration of only the S value. Alternatively, the MR

resistance estimate may be calculated in consideration of the S value and a



10bf 10%&' () -F z109%&' ()-F! 109%& () - F! 10%& ()-- 10%& () - ( 10%& () -

10bbf f *h+h, h-h; h@bC 10b10%& ()-' 109%& ()- 10 10 10309! 10%& ()-M [ 7 JUN 2002
. S109& ()-39! 109%& ()- @, i ei *nj mnnndYNC 10b 10b 10b 10b2:!10%& () -3

0z10%& ()-M 10%& ()- T10%& ()-:!10%& ()- nnnppg% dEYNC 10b

s$g10%08& ()-F: ! 10%08 ()- , z10%08& ()-M 109%0& () -s- 109%& () - (

109%0% ()-% stttttt>vbC 10bF: ! 109& ()-: 109& ()-' 109& ()-3 10 10

10894.09& () - &YA0%OL () - >v{vyyzz7{8{ 9{ dB4/ 10 10399M 109%& () -

7z109%& ()-3.9! 109& ()- ,f100& ()-3 M 109%& ()-z109%& ()- 9{: { G L{~xYNC8 10(

100 100 &9 20E ik vl s, (e SR IR O Al Sildiy, B8R esistance
estimate may be calculated in consideration of only the K value without
consideration of the S value.

In the embodiment, multiple regression analysis is used as the
statistical scheme for calculating the coefficients Ci and Dj in equations (1)
and (8). However, a scheme other than multiple regression analysis may
be used.

In the above-mentioned embodiment, the description has been
given with regard to an example in which the wafer of about 3 inches thick
is used. However, a large wafer of 6 inches or more thick may be used.
In this case, because of limits by an existing exposure system for a wafer of
about 3 inches to 5 inches thick, photolithography or the like, as an
example is shown in FIG. 14, a large wafer 16 can be divided into a
plurality of rectangular blocks A, B, C, ..., F so that bars are cut from each
block. Preferably, position information indicating which block and which
part of the block each bar cut from the large wafer 16 is cut from,
information indicating a difference in exposure conditions according to
positions in the same wafer, and the like are used as variables for use in
equations for calculating the MR resistance estimate.

As the type of variable for use in equations for calculating the MR
resistance estimate, in addition to the average and standard deviation of
measured values shown in FIG. 8, statistical information such as a
maximum value, a minimum value, a median value or a modal value of the

measured values, or the like may be considered as another variable.
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When such variables are considered, the degree of contribution of the
variables to the MR resistance value can be previously determined as
weighting coefficients by the statistical scheme so as to perform weighting
using the coefficients as well.

In the above-mentioned embodiment, the description has been
given with regard to an example in which polishing is controlled for each
bar. However, polishing may be controlled for each head slider obtained
from a single bar. In this case, the S value and the K value can be
calculated for each individual head slider.

In the embodiment, a magnetoresistive element for use in a
magnetic head has been described as an example. However, the invention
is also applicable to a magnetoresistive element for use in various types of
detection devices such as an acceleration sensor or a geomagnetic sensor
and manufacturing of such a detection device.

As described above, according to a method for manufacturing a
magnetic transducer or an apparatus for manufacturing a magnetic
transducer of the invention, polishing of each bar cut from the substrate is
controlled based on the substrate information so that the
magneto-sensitive layer included in the bar has the predetermined target
resistance value. Therefore, achieved is an effect of making it possible to
control polishing in consideration of facts that have already existed before
starting polishing.

More particularly, according to the method for manufacturing a

magnetic transducer or the apparatus for manufacturing a magnetic
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transducer of the invention, the first value is obtained by the
predetermined operation using the substrate information and the
weighting coefficients obtained through the statistical processing, and the
estimated resistance value is calculated by wusing the first value.
Polishing of the bar is controlled so that the estimated resistance value
reaches the target resistance value. In addition to the above-mentioned
effect, an effect of enabling control of polishing optimized based on
statistical or empirical facts is therefore achieved.

More particularly, according to the method for manufacturing a
magnetic transducer or the apparatus for manufacturing a magnetic
transducer of the invention, the ongoing-work-information about the bar
under polishing is also obtained, and polishing of the bar is controlled
based on both of the information during working and the substrate
information so that the magneto-sensitive layer included in the bar has the
predetermined target resistance value. Therefore, achieved is an effect of
making it possible to control polishing in consideration of facts appearing
after starting polishing, as well as facts that have already existed before
starting polishing.

According to another method for manufacturing a magnetic
transducer or another apparatus for manufacturing a magnetic transducer
of the invention, the polishing step includes: obtaining the
ongoing-work-information about the bar under working; calculating the
second value by the predetermined operation using the

ongoing-work-information and the weighting coefficients obtained through
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using at least the second value and controlling polishing of the bar so that
the estimated resistance value reaches the target resistance value.
Therefore, achieved is an effect of enabling control of polishing optimized
based on statistical or empirical facts after starting polishing.

According tec a method for manufacturing a magnetic head or an
apparatus for manufacturing a magnetic head c¢f the invention, the
magnetic head is manufaciured by using the method for manufacturing a
magnetic transducer or the apparatus for manufacturing a magnetic
transducer of the invention.  Therefore, achieved is an effect of
manufacturing the magnetic head through contrel of polishing performed
in consideration of facts that have already existed before starting polishing.
Obviously many modifications and variations of the present

invention are possible in the light of the above teachings. 1t 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 for manufacturing a magnetic transducer having a
magneto-sensitive layer changing in electrical resistance in response to an
external magnetic field, comprising:

a film forming step of selectively forming at least a
magneto-sensitive layer on a predetermined substrate;

a substrate information obtaining step of obtaining information
about at least either the substrate or a structure including at least the
magneto-sensitive layer formed on the substrate, as substrate information
before polishing;

a cutting step of cutting the base into a plurality of bars each
including at least the magneto-sensitive layer; and

a polishing step of polishing the bars ,

wherein the polishing step controls polishing of the bar based on at
least the substrate information so that the magneto-sensitive layer

included in the bar has a predetermined target resistance value.

2. A method for manufacturing a magnetic transducer according
to claim 1, further comprising:

a step of calculating a first value constituting a part of a potential
estimated resistance value of the magneto-sensitive layer by subjecting the
substrate information to a predetermined operation using values

previously subjected to statistical processing as weighting coefficients,
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wherein the polishing step calculates the estimated resistance
value by using at least the first value and controls polishing of the bar so

that the estimated resistance value reaches the target resistance value.

3. A method for manufacturing a magnetic transducer according
to claim 1,

wherein the substrate information obtaining step obtains at least
either a resistance value or sheet resistance value of the magneto-sensitive
layer made on the substrate or a virtual resistance value of the
magneto-sensitive layer containing a crowding resistance component as
well,

whereby the substrate information contains data about at least
either the obtained resistance value or sheet resistance value of the
magneto-sensitive layer or the obtained virtual resistance value of the

magneto-sensitive layer.

4. A method for manufacturing a magnetic transducer according
to claim 1,

wherein the film forming step further forms at least either a
leading conductive film to be electrically connected to the
magneto-sensitive layer or at least one resistance film pattern for
functioning as a dummy, and

the substrate information obtaining step obtains the resistance

value of at least either the leading conductive film or the resistance film
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whereby the substrate information contains data about at least

either the obtained resistance value of the leading conductive film or the

obtained resistance value of the resistance film pattern.

5. A method for manufacturing a magnetic transducer according

to claim 1,

wherein the polishing step further obtains information about the

bar under working as ongoing-work-information and controls polishing of

the bar based on both of the substrate information and the information

during working so that the magneto-sensitive layer included in the bar has

a predetermined target resistance value.

6. A method for manufacturing a magnetic transducer according

to claim 5, further comprising:

a step of calculating a first value constituting a part of a potential

estimated resistance value of the magneto-sensitive layer by subjecting the

substrate information to a predetermined operation using values

previously subjected to statistical processing as weighting coefficients,

wherein the polishing step calculates the estimated resistance

value by using both of the first value and the ongoing-work-information

and controls polishing of the bar piece so that the estimated resistance

value reaches the target resistance value.
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7. A method for manufacturing a magnetic transducer according
to claim 6, further comprising:

a step of calculating a second value constituting a part of the
estimated resistance value by subjecting the ongoing-work-information to a
predetermined operation using values previously subjected to statistical
processing as weighting coefficients,

wherein the polishing step calculates the estimated resistance
value by using both of the first value and the second value and controls
polishing of the bar so that the estimated resistance value reaches the

target resistance value.

8. A method for manufacturing a magnetic transducer according
to claim 5,

wherein the substrate information obtaining step obtains at least
either a resistance value or sheet resistance value of the magneto-sensitive
layer made on the substrate or a virtual resistance value of the
magneto-sensitive layer containing a crowding resistance component as
well,

whereby the substrate information contains data about at least
either the obtained resistance value or sheet resistance value of the
magneto-sensitive layer or the obtained virtual resistance value of the

magneto-sensitive layer.

9. A method for manufacturing a magnetic transducer according
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to claim 5,

wherein the film forming step further forms at least either a
leading conductive film to be electrically connected to the
magneto-sensitive layer or at least one resistance film pattern for
functioning as a dummy, and

the substrate information obtaining step obtains the resistance
value of at least either the leading conductive film or the resistance film
pattern made on the base,

whereby the substrate information contains data about at least
either the obtained resistance value of the leading conductive film or the

obtained resistance value of the resistance film pattern.

10. A method for manufacturing a magnetic transducer according
to claim 9,

wherein the polishing step further obtains the resistance value of
the resistance film pattern on the bar piece,

whereby the ongoing-work-information further contains data

about the obtained resistance value of the resistance film pattern.

11. A method for manufacturing a magnetic transducer according
to claim 5,

wherein the polishing step further obtains a dimension value of a
predetermined portion of the magneto-sensitive layer on the bar,

whereby the ongoing-work-information contains data about the
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obtained dimension value.

12. A method for manufacturing a magnetic transducer having a
magneto-sensitive layer changing in electrical resistance in response to an
external magnetic field, comprising:

a film forming step of selectively forming at least a
magneto-sensitive layer on a predetermined substrate;

a cutting step of cutting the substrate into a plurality of bars each
including at least the magneto-sensitive layer; and

a polishing step of polishing the bars,

wherein the polishing step includes:

obtaining information about the bar under working as
ongoing-work-information;

calculating a second value constituting a part of a potential
estimated resistance value of the magneto-sensitive layer by subjecting the
obtained ongoing-work-information to a predetermined operation using
values previously subjected to statistical processing as weighting
coefficients; and

calculating the estimated resistance value by using at least the
second value and controlling polishing of the bar so that the estimated

resistance value reaches the target resistance value.

13. A method for manufacturing a magnetic transducer according

to claim 12,
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wherein the polishing step obtains a dimension value of a
predetermined portion of the magneto-sensitive layer on the bar piece
under working,

whereby the ongoing-work-information contains data about the

obtained dimension value.

14. A method for manufacturing a magnetic transducer according
to claim 12,

wherein the film forming step further forms on the substrate at
least one resistance film pattern for functioning as a dummy, and

the polishing step obtains the resistance value of the resistance
film pattern,

whereby the ongoing-work-information further contains data

about the resistance value of the resistance film pattern.

15. An apparatus for manufacturing a magnetic transducer
having a magneto-sensitive layer changing in electrical resistance in
response to an external magnetic field, comprising:

substrate information obtaining means for obtaining information
about at least either a predetermined substrate or a structure including at
least a magneto-sensitive layer selectively formed on the substrate, as
substrate information before polishing;

polishing means for polishing a plurality of bars which the

substrate is cut into, each including at least the magneto-sensitive layer;
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and
polishing control means for controlling the polishing means based
on at least the substrate information so that the magneto-sensitive layer

included in the bar has a predetermined target resistance value.

16. An apparatus for manufacturing a magnetic transducer
according to claim 15, wherein the polishing control means calculates a
first value constituting a part of a potential estimated resistance value of
the magneto-sensitive layer by subjecting the substrate information to a
predetermined operation using values previously subjected to statistical
processing as weighting coefficients, calculates the estimated resistance
value by using at least the first value, and controls polishing of the bar so

that the estimated resistance value reaches the target resistance value.

17. An apparatus for manufacturing a magnetic transducer
according to claim 15,

wherein the substrate information obtaining means obtains at
least either a resistance value or sheet resistance value of the
magneto-sensitive layer made on the substrate or a virtual resistance value
of the magneto-sensitive layer containing a crowding resistance component
as well,

whereby the substrate information contains data about at least
either the obtained resistance value or sheet resistance value of the

magneto-sensitive layer or the obtained virtual resistance value of the
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magneto-sensitive layer.

18. An apparatus for manufacturing a magnetic transducer
according to claim 15,

wherein the substrate information obtaining means obtains the
resistance value of at least either a leading conductive film formed so as to
be electrically connected to the magneto-sensitive layer or a resistance film
pattern formed as a dummy,

whereby the substrate information contains data about at least
either the obtained resistance value of the leading conductive film or the

obtained resistance value of the resistance film pattern.

19. An apparatus for manufacturing a magnetic transducer
according to claim 15, further comprising:

ongoing'work-information obtaining means for obtaining
information about the bar under working as ongoing-work-information,

wherein the polishing control means controls polishing of the bar
based on both of the substrate information and the
ongoing-work-information so that the magneto-sensitive layer included in

the bar has a predetermined target resistance value.

20. An apparatus for manufacturing a magnetic transducer
according to claim 19, wherein the polishing control means calculates a

first value constituting a part of a potential estimated resistance value of
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the magneto-sensitive layer by subjecting the substrate information to a
predetermined operation using values previously subjected to statistical
processing as weighting coefficients, calculates the estimated resistance
value by using both of the first value and the ongoing-work-information,
and controls polishing of the bar so that the estimated resistance value

reaches the target resistance value.

21. An apparatus for manufacturing a magnetic transducer
according to claim 20, wherein the polishing control means further
calculates a second value constituting a part of the estimated resistance
value by subjecting the ongoing-work-information to a predetermined
operation using values previously subjected to statistical processing as
weighting coefficients, calculates the estimated resistance value by using
both of the first value and the second value, and controls polishing of the
bar so that the estimated resistance value reaches the target resistance

value.

22. An apparatus for manufacturing a magnetic transducer
according to claim 19,

wherein the substrate information obtaining means obtains at
least either a resistance value or sheet resistance value of the
magneto-sensitive layer made on the substrate or a virtual resistance value
of the magneto-sensitive layer containing a crowding resistance component

as well,
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whereby the base information contains data about at least either
the obtained resistance value or sheet resistance value of the
magneto-sensitive layer or the obtained virtual resistance value of the

magneto-sensitive layer.

23. An apparatus for manufacturing a magnetic transducer
according to claim 19,

wherein the base information obtaining means obtains the
resistance value of at least either a leading conductive film formed so as to
be electrically connected to the magneto-sensitive layer or a resistance film
pattern formed as a dummy,

whereby the substrate information contains data about at least
either the obtained resistance value of the leading conductive film or the

obtained resistance value of the resistance film pattern.

24. An apparatus for manufacturing a magnetic transducer
according to claim 23,

wherein the polishing control means further obtains the resistance
value of the resistance film pattern on the bar,

whereby the ongoing-work-information further contains data

about the obtained resistance value of the resistance film pattern.

25. An apparatus for manufacturing a magnetic transducer

according to claim 19,
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wherein the polishing control means further obtains a dimension
value of a predetermined portion of the magneto-sensitive layer on the bar,
whereby the ongoing-work-information contains data about the

obtained dimension value.

26. An apparatus for manufacturing a magnetic transducer
having a magneto-sensitive layer changing in electrical resistance in
response to an external magnetic field, comprising:

cutting means for cutting a substrate, on which at least a
magneto-sensitive layer is selectively formed, into a plurality of bars each
including at least the magneto-sensitive layer;

polishing means for polishing the bars, and

ongoing-work-information obtaining means for obtaining
information about the bar under working as ongoing-work-information,

polishing control means for calculating a second value constituting
a part of a potential estimated resistance value of the magneto-sensitive
layer by subjecting the obtained ongoing-work-information to a
predetermined operation using values previously subjected to statistical
processing as weighting coefficients, calculating the estimated resistance
value by using at least the second value, and controlling polishing of the
bar so that the estimated resistance value reaches the target resistance

value.

27. An apparatus for manufacturing a magnetic transducer
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wherein the polishing control means obtains a dimension value of
a predetermined portion of the magneto-sensitive layer on the bar under
working,

whereby the ongoing-work-information contains data about the

obtained dimension value.

28. An apparatus for manufacturing a magnetic transducer
according to claim 26,

wherein the polishing control means obtains the resistance value
of the at least one resistance film pattern formed as a dummy on the
substrate,

whereby the ongoing-work-information further contains data

about the resistance value of the resistance film pattern.

29. A method for manufacturing a magnetic head comprising a
magnetic  transducer for reproducing information having a
magneto-sensitive layer changing in electrical resistance in response to an
external magnetic field, comprising the steps of:

forming polished bars each including a plurality of magnetic
transducers by a manufacturing method according to claim 1; and

cutting the bar into a plurality of head sliders each including at

least one magnetic transducer.
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magneto-sensitive layer changing in electrical resistance in response to an
external magnetic field, comprising:
an apparatus for manufacturing a magnetic transducer according
to claim 15; and
a cutting apparatus for cutting each of polished bars formed by the
apparatus for manufacturing a magnetic transducer, into a plurality of

head sliders each including at least one magnetic transducer.

31. Software for controlling manufacturing of a magnetic
transducer, for use in manufacturing of a magnetic transducer having a
magneto-sensitive layer changing in electrical resistance in response to an
external magnetic field, comprising:

a step of obtaining information about at least either a
predetermined substrate supporting the magneto-sensitive layer or a
structure including at least the magneto-sensitive layer formed on the
substrate, as substrate information before polishing; and

a control step of controlling polishing of a plurality of bars which
the substrate is cut into, each including at least the magneto-sensitive
layer,

wherein the control step controls polishing of the bar based on at
least the substrate information so that the magneto-sensitive layer

included in the bar has a predetermined target resistance value.
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32. Software for controlling manufacturing of a magnetic
transducer according to claim 31, further comprising:

a step of calculating a first value constituting a part of a potential
estimated resistance value of the magneto-sensitive layer by subjecting the
substrate information to a predetermined operation using values
previously subjected to statistical processing as weighting coefficients; and

a step of calculating the estimated resistance value by using at
least the first value,

wherein the control step controls polishing of the bar so that the

obtained estimated resistance value reaches the target resistance value.

33. Software for controlling manufacturing of a magnetic
transducer according to claim 31, further comprising:

a step of obtaining information about the bar under polishing as
information during working,

wherein the control step controls polishing of the bar based on

both of the substrate information and the ongoing-work-information.

34. Software for controlling manufacturing of a magnetic
transducer according to claim 33, further comprising:

a step of calculating a first value constituting a part of a potential
estimated resistance value of the magneto-sensitive layer by subjecting the

substrate information to a predetermined operation using values
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previously subjected to statistical processing as weighting coefficients,
wherein the control step calculates the estimated resistance value

by using both of the first value and the ongoing-work-information and

controls polishing of the bar so that the estimated resistance value reaches

the target resistance value.

35. Software for controlling manufacturing of a magnetic
transducer according to claim 34, further comprising:

a step of calculating a second value constituting a part of the
estimated resistance value by subjecting the ongoing-work-information to a
predetermined operation using values previously subjected to statistical
processing as weighting coefficients,

wherein the control step calculates the estimated resistance value
by using both of the first value and the second value and controls polishing
of the bar so that the estimated resistance value reaches the target

resistance value.

36. Software for controlling manufacturing of a magnetic
transducer, for use in manufacturing of a magnetic transducer having a
magneto-sensitive layer changing in electrical resistance in response to an
external magnetic field, comprising:

a control step of controlling polishing of a plurality of bars which a
predetermined substrate supporting the magneto-sensitive layer is cut into,

each including at least the magneto-sensitive layer;



0S10%<&' () -, 10%<& ()-!$M 10%<<& ()- ! $M 10%<& ()- vw w@AWBWPWUIWOWIV7 10
y10% & ()-10% & ()-' 10% & ()- 10<< 10<< 10<<! 7:!10%<& () -

7:11098& () - o TxxxdBuVv7 10 ! 3& 10% (& ()- 3& 10%& ()- y10% & (§-7 JUN 2002
0% & ()- 9'10% & ()- S10% & ()-xy*yOyyyydEuv7 10 ! $f10% & ()- "10% & ()-
f10% & ()- S10% & ()- YYLI0% & ()- @10% & ()-yz{I{{{{{{dE/ 10( 10(

L910% & ()- 37f10% & ()- 310% & ()- 0& 10% & ()- .f10%& ()-

&R 10% & ()-{{{{|blq||xY:/ 10( S10% & ("#3 10% & ()-3! 10% & () -

f10% & ()--10% & ()-, & 10% & ()- 10(|[}}T}}}dE:/ 10( sSS10% & ()-

FLO% & () - @ 10% &l of SP4ifindd inft AR &n{ AbSle BRE Bab)udder potisifify ad Ot

ongoing-work-information; and

a step of calculating a second value constituting a part of a
potential estimated resistance value of the magneto-sensitive layer by
subjecting the obtained ongoing-work-information to a predetermined
operation using values previously subjected to statistical processing as
weighting coefficients,

wherein the control step calculates the estimated resistance value
by using at least the second value and controls polishing of the bar so that

the estimated resistance value reaches the target resistance value.

37. Software for estimating a resistance value of a magnetic
transducer, for estimating an electrical resistance value of a
magneto-sensitive layer in a step of manufacturing a magnetic transducer
having a magneto-sensitive layer changing in electrical resistance in
response to an external magnetic field, comprising:

a step of obtaining information about at least either a
predetermined substrate supporting the magneto-sensitive layer or a
structure including at least the magneto-sensitive layer formed on the
substrate, as substrate information before polishing;

a step of calculating a first value constituting a part of a potential
estimated resistance value of the magneto-sensitive layer by subjecting the
obtained substrate information to a predetermined operation using values

previously subjected to statistical processing as weighting coefficients; and
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38. Software for estimating a resistance value of a magnetic

transducer according to claim 37, further comprising:

a step of obtaining information about the bar under polishing as

ongoing-work-information; and

a step of calculating a second value constituting a part of the

estimated resistance value by subjecting the

obtained

ongoing-work-information to a predetermined operation using values

previously subjected to statistical processing as weighting coefficients,

wherein the estimating step calculates the estimated resistance

value by using both of the first value and the second value.

39. Software for estimating a resistance value of a magnetic

transducer, for estimating an electrical resistance value of a

magneto-sensitive layer in a step of manufacturing a magnetic transducer

having a magneto-sensitive layer changing in electrical resistance in

response to an external magnetic field, comprising:

a step of obtaining information about the bar as information

during working, during polishing a plurality of bars which a predetermined

substrate supporting the magneto-sensitive layer is cut into, each including

at least the magneto-sensitive layer;

a step of calculating a second value constituting a part of a
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subjecting the obtained information during working to a predetermined
operation using values previously subjected to statistical processing as
weighting coefficients; and

a step of calculating the estimated resistance value by using at

least the second value.

40. A system for controlling manufacturing of a magnetic
transducer, for use in manufacturing of a magnetic transducer having a
magneto-sensitive layer changing in electrical resistance in response to an
external magnetic field, comprising:

means for obtaining information about at least either a
predetermined substrate supporting the magneto-sensitive layer or a
structure including at least the magneto-sensitive layer formed on the
substrate, as substrate information before polishing; and

control means for controlling polishing of a plurality of bars which
the substrate is cut into, each including at least the magneto-sensitive
layer,

wherein the control means controls polishing of the bar based on
at least the substrate information so that the magneto-sensitive layer

included in the bar has a predetermined target resistance value.

41. A system for controlling manufacturing of a magnetic

transducer according to claim 40, further comprising:

gyer 2l
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subjecting the substrate information to a predetermined operation using
values previously subjected to statistical processing as weighting
coefficients; and
means for calculating the estimated resistance value by using at
least the first value,

wherein the control means controls polishing of the bar so that the

obtained estimated resistance value reaches the target resistance value.

42. A system for controlling manufacturing of a magnetic
transducer according to claim 40, further comprising:

means for obtaining information about the bar under polishing as
ongoing-work-information,

wherein the control means controls polishing of the bar based on

both of the substrate information and the ongoing-work-information.

43. A system for controlling manufacturing of a magnetic
transducer according to claim 42, further comprising:

means for calculating a first value constituting a part of a
potential estimated resistance value of the magneto-sensitive layer by
subjecting the substrate information to a predetermined operation using
values previously subjected to statistical processing as weighting

coefficients,
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and controls polishing of the bar so that the estimated resistance value

reaches the target resistance value.

44. A system for controlling manufacturing of a magnetic
transducer according to claim 43, further comprising:

means for calculating a second value constituting a part of the
estimated resistance value by subjecting the ongoing-work-information to a
predetermined operation using values previously subjected to statistical
processing as weighting coefficients,

wherein the control means calculates the estimated resistance
value by using both of the first value and the second value and controls
polishing of the bar so that the estimated resistance value reaches the

target resistance value.

45. A system for controlling manufacturing of a magnetic
transducer, for use in manufacturing of a magnetic transducer having a
magneto-sensitive layer changing in electrical resistance in response to an
external magnetic field, comprising:

control means for controlling polishing of a plurality of bars which
a predetermined substrate supporting the magneto-sensitive layer is cut
into, each including at least the magneto-sensitive layer;

means for obtaining information about the bar under polishing as
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potential estimated resistance value of the magneto-sensitive layer by
subjecting the obtained information during working to a predetermined
operation using values previously subjected to statistical processing as
weighting coefficients,

wherein the control means calculates the estimated resistance
value by using at least the second value and controls polishing of the bar so

that the estimated resistance value reaches the target resistance value.

46. A computer system for use in manufacturing of a magnetic
transducer having a magneto-sensitive layer changing in electrical
resistance in response to an external magnetic field, comprising:

means for obtaining information about at least either a
predetermined substrate supporting the magneto-sensitive layer or a
structure including at least the magneto-sensitive layer formed on the
substrate, as substrate information before polishing; and

control means for controlling polishing of a plurality of bars which
the substrate is cut into, each including at least the magneto-sensitive
layer,

wherein the control means controls polishing of the bar based on
at least the substrate information so that the magneto-sensitive layer

included in the bar has a predetermined target resistance value.
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means for calculating a first value constituting a part of a

potential estimated resistance value of the magneto-sensitive layer by
subjecting the substrate information to a predetermined operation using
values previously subjected to statistical processing as weighting
coefficients; and

means for calculating the estimated resistance value by using at
least the first value,

wherein the control means controls polishing of the bar so that the

obtained estimated resistance value reaches the target resistance value.

48. A computer system according to claim 46, further comprising:

means for obtaining information about the bar under polishing as
ongoing-work-information,

wherein the control means controls polishing of the bar based on

both of the substrate information and the ongoing-work-information.

49. A computer system according to claim 48, further comprising:

means for calculating a first value constituting a part of a
potential estimated resistance value of the magneto-sensitive layer by
subjecting the substrate information to a predetermined operation using
values previously subjected to statistical processing as weighting
coefficients,

wherein the control means calculates the estimated resistance
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and controls polishing of the bar so that the estimated resistance value

reaches the target resistance value.

50. A computer system according to claim 49, further comprising:

means for calculating a second value constituting a part of the
estimated resistance value by subjecting the ongoing-work-information to a
predetermined operation using values previously subjected to statistical
processing as weighting coefficients,

wherein the control means calculates the estimated resistance
value by using both of the first value and the second value and controls
polishing of the bar so that the estimated resistance value reaches the

target resistance value.

51. A computer system for use in manufacturing of a magnetic
transducer having a magneto-sensitive layer changing in electrical
resistance in response to an external magnetic field, comprising:

control means for controlling polishing of a plurality of bars which
a predetermined substrate supporting the magneto-sensitive layer is cut
into, each including at least the magneto-sensitive layer;

means for obtaining information about the bar under polishing as
ongoing-work-information; and

means for calculating a second value constituting a part of a

potential estimated resistance value of the magneto-sensitive layer by
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wherein the control means calculates the estimated resistance
value by using at least the second value and controls polishing of the bar so

that the estimated resistance value reaches the target resistance value.

52. A computer system for estimating an electrical resistance
value of a magneto-sensitive layer in a step of manufacturing a magnetic
transducer having a magneto-sensitive layer changing in electrical
resistance in response to an external magnetic field, comprising:

means for obtaining information about at least either a
predetermined substrate supporting the magneto-sensitive layer or a
structure including at least the magneto-sensitive layer formed on the
substrate, as substrate information before polishing;

means for calculating a first value constituting a part of a
potential estimated resistance value of the magneto-sensitive layer by
subjecting the obtained substrate information to a predetermined operation
using values previously subjected to statistical processing as weighting
coefficients; and

estimating means for calculating the estimated resistance value by

using at least the first value.

53. A computer system according to claim 52, further comprising:
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means for obtaining information about the bar under polishing as
ongoing-work-information; and

means for calculating a second value constituting a part of the
estimated resistance value by subjecting the obtained
ongoing-work-information to a predetermined operation using values
previously subjected to statistical processing as weighting coefficients,

wherein the estimating means calculates the estimated resistance

value by using both of the first value and the second value.

54. A computer system for estimating an electrical resistance
value of a magneto-sensitive layer in a step of manufacturing a magnetic
transducer having a magneto-sensitive layer changing in electrical
resistance in response to an external magnetic field, comprising:

means for obtaining information about the Dbar as
ongoing-work-information, during polishing a plurality of bars which a
predetermined substrate supporting the magneto-sensitive layer is cut into,
each including at least the magneto-sensitive layer;

means for calculating a second value constituting a part of a
potential estimated resistance value of the magneto-sensitive layer by
subjecting the obtained ongoing-work-information to a predetermined
operation using values previously subjected to statistical processing as
weighting coefficients; and

means for calculating the estimated resistance value by using at

least the second value.



