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BACKGROUND OF THE INVENTION
1. Field of the Invention

The invention relates to a method and an apparatus for
manufacturing a magnetic transducer having properties of changing in
electrical resistance in response to an external magnetic field, a method
and an apparatus for manufacturing a magnetic head having a magnetic
transducer, software and system for controlling manufacturing of a
magnetic transducer, and software for estimating resistance value of such a
magnetic transducer, and computer system.
2. Description of the Related Art

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



magnet oresi stive (hereinafter referred to as MR) elenment for reading, is
wi.dely used as the thin filmmgnetic head. The MR el enent utilizes
an®MR filmchanging in electrical

-2- ‘resistance in response to an external magnetic field. MR elenents
inglude an AMR el enment utilizing an anisotropic magnetoresistive (AWVR)
effect, a GWR elenment utilizing a giant _magnetoresistive (GWR) effect, and
so on. The reproducing head using the AVR el enent is called an AMR head or
sinply an MR head, and the reproducing head using the GWR el enent is

called a G\@sgﬁggce iﬂbfeg?ws@ﬁéggie%téﬁﬁ@ SricfR i@ OME bRendiaRdnchddese

ﬁun(‘jap-e recording density exceeds 1 gigabit per square inch, and the GWR
ead is use L QALKEI- ead: I . CARER ot
excfeeds 3 glgﬁa | saggfe%stgit}gr%elﬂgn%haﬂlsmﬁﬁ ﬁl‘%&?ﬁ%ﬁéﬁ% éi npr ogléfgg tf %e
per f or mance t he reproduci ng hea Lncl.ude.a. | [ tern
wi dt h ofT | h@%ﬁ% ?Il?’f:ﬁ}‘gb’%ﬂﬁl%%a?’l*\}‘? %ﬁgﬁ#%%%ﬂ{h?gﬂz %*”é‘wﬁp%?%ﬁsﬁ’?a ‘e, and
he end ¢ el BbreBrebicits Band afvine sbaLPHE: Sirehicis il en ooydt FEBTgrg” "
thereof. The MR height .is controlled |n_accordance w th,an, unt of
pol i shi ng ofimMM¥ an Bémaidngnéﬁwar@@roéwegglsﬁaa}r%g %ﬁ&@%’e G
surface refers to the surface of the thin film _magnetic head,fa(ﬂn% a

ng hea

magneti c reeddiefl agGMBi bead.a ThekAMRihesyl tnysed as the reproduci

whose surface recording density exceeds 1 gigabit per square inch, and the
GMR head is used as the reproducing head whose surface recording density
exceeds 3 gigabits per square inch.

Methods of improving the performance of the reproducing head
include a method in which a pattern width of the MR film, particularly, an
MR height is made appropriate, and so on. The MR height refers to a
length (height) of the MR element between the end thereof close to an air
bearing surface and the opposite end thereof. The MR height is controlled
in accordance with an amount of polishing of the air bearing surface.
Incidentally, the air bearing surface refers to the surface of the thin film
magnetic head facing a magnetic recording medium (a disk medium) and is
sometimes called a track surface.

This type of thin film magnetic head is manufactured through the
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



sonetinmes called a track surface, This type of thin filmmagnetic
head i s manufactured through the follow ng steps as proposed in Japanese
Pat ent Application Laid-open No. Hei 11-863, for exanple. First,
a large nunber (a | arge nunber of sets) of head cores, each of which

I Rcl udes a reproduci ng head using an MR el ement and a magnetic induction
type recording head, and thin filnlst[gfiures such as dummy

-3- sensors are fornmed on a wafer (a substrate) nade of, for exanple, a
predeterm ned ceramc material by a thin filmprocess using

phot ol i t hoggaRhy e thEndd ki aT%@yWSM§&t;e) ixﬁgﬂﬁ/&&éfﬂf éﬂt&%ﬁ@! ighg in

order to control dinmensions and perfornance o enent, .
Then, e WAl LBk PHRSLAL Y1 ReHARURRE Diiheabocigl v of
SmSCrS: DUkABiBR A B M bty LB o o for e 211y
ur f aces) - Arasis o) MRS REr fe BBt gh ke MERIRHTAR hei ont of the
br edet or m ned ¢ ar BRPDAReHE{EGS CgeHCat PIHTetE 0L rotgngu A g, vttt
predef nedW s"ic}? 1911:1%?1@ iaoglu(;% i?}tr) I(g p%radlietgri (\)/fesreit&gof head cores and dummy
sensors, by the use of a dicing saw or the like.
Then, a plurality of bars thus obtained is set on a polishing
apparatus or the like, the cut surfaces thereof (the surfaces which are to be
finally the air bearing surfaces) are polished, and polishing is stopped when
the MR height of the MR element reaches a predetermined target
dimension. The term “a predetermined target dimension” generally refers
to a target value predefined as a dimension capable of delivering
electromagnetic performance required for the reproducing head.
For example, Japanese Patent Application Laid-open No. Hei
2-95572 proposes a method which includes: directly measuring resistance
values of a plurality of MR elements formed on the bar; calculating a mean
value of the resistance values; and stopping polishing the bar when the
mean value reaches a value within a predetermined range, not a method
which includes controlling the timing of stopping polishing the cut surface
of the bar while measuring the MR height. Incidentally, the polished bar
is further cut into separate head sliders.
However, the method in which polishing is controlled until a

mechanical dimension value of the MR height reaches the target value has



el ectromagneti c performance required for the reproduci ng head. For
exanpl e, Japanese Patent Application Laid-open No. Hei 2-95572 proposes a
method which includes: directly measuring resistance values of a plurality
of MR elenments formed on the bar; calculating a nean value of the

regi stance val ues; and stopping pollshlng the bar when the nean val ue
reaches a val ue mﬁthln a predeterm ned_range, not a nethod which includes
controlling the timng of stopping polléhlng the cut surface of the bar
whi | e measuring the MR height. InC|dentaIIy, the polished bar is further

cut into sepay Bﬁlﬁ'eaﬂlﬁhggﬁ ‘the thin f] A‘élfﬂ’é%iéeﬁea& h@nfﬁdfa&dred\wtﬁh

ﬁO|Iﬁhlng is“controlle a nec anlc di nrensi on val ue of the

ei ght reac g

-4- a prob mﬁﬁ??ﬁ%g ﬁﬂ{#ﬁ n%ast}ﬂeml\r%’gn%l rlngnﬁeglgvlmsg”g dtﬁg%rt%lrneeg W th
bl ect ronmanRe B E R b, TaEtion oF aal frBt G &f P Bfbrmined
tol erance is often det e ted Ietro netic erties.of t

manuf act ur e@lmrﬁ?eﬁ%n? %?ed\érvge%‘ﬂfeﬁ e%gﬁ&g 'geéf‘fow:é)gﬁ’étll‘?st tjr‘l)e%‘ﬁertles
of the MR el ements of  man hin fil ti fi

measur ed anEhamgdachuzed \M%@Eg%xephgarg} g}%ﬁgaggwgnems r@ﬁ‘g{gg‘l Q%d e
cal cul ated, the nean value is sonetines out of redeterm ned _t Ieiance
Thi s pr obl eprapsriienof dhe MR elemants dfemangchin filsy magnaticehaads finally

obtained are measured and the mean value of the electromagnetic
properties is calculated, the mean value is sometimes out of predetermined
tolerance. This problem is considered to arise because in forming the MR
film on the wafer, a change in various conditions for photolithography or
film forming or the like causes variation in a thickness or pattern width of
the formed MR film according to an inter-wafer or in-wafer position.

The method, in which polishing of bars is controlled by measuring
the resistance values of the bars during polishing and monitoring the mean
value of the resistance values, theoretically allows the mean of the
resistance values of the MR films of the bars under polishing to be within a
predetermined range of numerical values. Even if the resistance value of
the MR film is within tolerance, the method cannot, however, ensure that
the MR height is within tolerance. Incidentally, not only the resistance
value of the MR film but also the MR height is specified i)ecause too small
an MR height may cause a phenomenon such as electro migration and thus
cause damage to the MR film.

As described above, a problem has heretofore existed: variation in

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



filmon the wafer, a change in various conditions for photolithography or
fidmformng or the Iike causes variation in a thickness or pattern wdth
of “ the fornmed MR filmaccording to an inter-wafer or in-wafer position.
The met hod, in which polishing of bars is controlled by neasuring the

regi stance val ues of the bars during polishing and nonitoring the nean
value of the resistance values, theoretically allows the nean of the

resi stance val ues of the MR films of the bars under polishing to be within
a predeternined range of numerical values. Even if the resistance val ue of

the MR fil my; -t hat
the MR hei ghtityili p‘i%ne‘eicq{%??ﬁ%awﬁ?ﬁwgﬁ%?g "l pURARAE o SHBLRE, 10
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cause danmag the VR As descri bed above, a probl em has
her et of or e &??gi’%tag\?ﬁwlgtm%ufaﬁtm@ﬂe resi stance val ue or the dimension (MR

hei ght) of the MR el ement of 21 . .
-5 - thin film mvenfkiends degigned torvareesae the fregoingrohlams.orlt  he
thin film magnetic head which does not fulfill required speC|f|cat|ons S

di sadvant agisoan| abjectneff tlee imesntion to providghe methad: and 4 appsrafvedioro

overconme the foregoing problens. It 1is an object of the invention to

provi de a netamudactndingna appgrettcuiraheducer and a method and an apparatus for
manufacturing a magnetic head which make it possible to fulfill
specifications for predetermined magnetic reproducing by reducing

variation in electromagnetic properties of an MR element finally obtained

and variation of the median of distribution.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, a method for
manufacturing a magnetic transducer having a magneto-sensitive layer
changing in electrical resistance in response to an external magnetic field
comprisesi 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 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



manuf acturing a magneti c transducer and a nethod and an apparatus for

manuf acturing a magneti c head which make it possible to fulfil
spécifications for predetermni ned magnetic reproduci ng by reducing

variation in el ectromagnetic properties of an MR elenent finally obtained
angd variation of the nmedian of distribution, SUMVARY OF THE | NVENTI ON
AcCording to a first aspect of the inveption, a nethod for manufacturing a
magneti c transducer having a magneto-seHlsitive layer changing in

el ectrical resistance in response to an external magnetic field conprises:

afilmfor ”lrfb fﬂlﬁice *?ﬂlﬁ%ts% }ﬂg%%é_téﬁﬁme@gtai‘g%tleﬁgfstt?ﬂce ‘p%g@_et O-sensitive

| ayer on a predeterm ne a substr nformat1 on obtaining step

ctruct are | nol udi ng P61 BRER0E B AR tLENE (2 BSERVE BRBaBoD 2 e
DS, Rt o B R AR B b B M A R e
Whor el 1 ¢ helzBEt tBi Bies B GoRbrof ShprireningoFhihe Bhe BELTIRENED | cast
the substrate inforpation so that the nmagneto-sensitive |ayer
-6 - i ncl uetsdrols polishing ofihe bambasedtawr at lnagt the gubstrats informationlsge.
that the magneto-sensitive layer included in the bar has the predetermined
target resistance wvalue. The “substrate information” contains all
information about the substrate itself in a stage before starting polishing
or the structure on the substrate. The “stage before starting polishing”
contains not only a stalge before the cutting step but also a stage before the
polishing step after the cutting step. The substrate information contains,
for example, information for identifying the substrate itself, information for
identifying the bars cut from the substrate, information about various
types of films formed on the substrate, and so on.
A method for manufacturing a magnetic transducer according to
the first aspect of the invention may further comprise: 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 at least the first 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 first



In the nethod for manufacturing a magnetic transducer, a plurality of bars
each including at | east the magneto sensitive layer is cut fromthe base,
and each of the bars is polished. The polishing step controls polishing of
t he bar based on at |east the substrate information so that the

magnet o-sensitive layer included in the bar has the predeterm ned target
reSi st ance val ue. The "substrate infpznation" contains all information
about the substrate itself in a stage before starting polishing or the
structure on the substrate. The "stage before starting polishing” contains

not only a GiR@e cBRsIhRINCa CPA BT $REPedtithafldS GreBistAm@e WEHOT 6f Ihe
polishing step after the cutting step. The substrate information contains,

for exanpl eq, Jobof-0Bidif0e 19%er fLeSBthindd Gy tHE prb@sterRifed bpéistion RbipgMalion
for identi Pﬁgﬁ%&{ E@%ﬁalres %%et %r omhtrﬁe'engsﬂbsfgnpztge, £n}or rra??e}gn about g\rjgri ous
types of fihgs f d the . rate . SO . : for
manuf act uri Ky 3“%’8%& 1?1?01[1?%%@8 %@grﬁgc‘g%%%’l H % ?Og?ﬁ(flﬁ%tsf c|)brt§1 %néz?s E@%’E& %gf t he
I nvention further. conpri.se: a.step of cal,culatin fi.rst,val.u
conet tuti niestEict BRoRaria, Aot The eeharEad esrbniouys ih selgdafl
magnet o-sensitive | ayeL by subjectjng the, substrate inf tio 0,a
pr edet er m néﬁ mséﬁeoﬁrﬂsv eva%ﬂialg}%ﬁge(ﬁ %%rsﬁb?%?‘gieraaéosﬁ‘éii@i cal
processing as weighting coeffjicients, wherein the polishing step cal cul ates
the esti nat estimatedsregitiancevalmegpachesthedargetaesistarce yalee. val ue and
controls polishing of the bar so that the estimted resistance_ val ue
reaches the targdn apeithedfpemaanfesturing a magnetic transduceinaccopding to
manuf acturi ng a magneti c transducer, the first

the first aspect of the invention, the substrate information obtaining step

may obtain 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.

In a method for manufacturing a magnetic transducer according to

the first aspect of the invention, the deposition step may further form at

least either a leading conductive film to be electrically connected to the

magneto-sensitive layer oi' at least one resistance film pattern for

functioning as a dummy, and the substrate information obtaining step may

obtain the resistance value of at least either the leading conductive film or

the resistance film pattern made on the substrate, 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



-7- value constituting a part of the estimated resistance value of the
magnet o-sensitive |layer is obtained by the predeterm ned operation using

t h€ substrate informati on and the wei ghting coefficients obtained through
the statistical processing, and the estimated resistance value is
calculated by using the first value. Polishing of the bar is controlled so
that the estimated resistance val ue regches the target resistance val ue.
In a nethod for manufacturing a magneti€ transducer according to the first
aspect of the invention, the substrate information obtaining step nay
obtain at Ig &mﬁbéﬁﬁh#ﬁwﬁ i stance val ue or sheet resistance value of the
magnet o-sensitive Tayer nmade on the substrate or a virtual resistance

val ue of the magnegto-sensiti.ve |ayer. containi I.n |, $: e
conponent as wel | i%&‘%ﬁ?& %%emgﬁégaﬁ‘é?ggian’?lggﬂgﬁ? 3%%%%1 %@@%‘gjﬁbout
at least either the obtai resi st ance . val or sheet resistancge yal ue of
the magnet &-3REABMA: AREC aé}gsh%rmf’ﬁ’é 1081 é?n%‘g‘ﬁ\tfiopt E%It%reegfgtt By dt¥e of
the magneto-sensitive |ayer. . In a method for mapufactyring a
magnet i c trﬁﬂéﬂﬂé&rﬁt%g‘bﬂéﬁh@bi%ns infermagion &ﬁé&ge(ﬁﬂt FYHERE RS t he
deposition step may further format |east either a _|eading conductive film
to be el ect engaingywarbriméemeation andecontraje dolishingsef theebarpased pndotheast
one resistance film pattern for functioning as a dumy, and the substrate
i nf or mat i onobtheasubstrptetinformetiorobndithe tomgoingswetkrinformation sof that theast
ei ther the | eading conductive filmor
magneto-sensitive layer included in the bar has a predetermined target
resistance value.

In the method for manufacturing a magnetic transducer, the
ongoing-work-information about the bar under polishing is obtained, and
polishing of the bar 1is controlled based on both of the
ongoing-work-information and the substrate information so that the
magneto-sensitive layer included in the bar has the predetermined target
resistance value. The “ongoing-work-information” contains all
information about the bar itself under working and the structure formed on
the bar under working.

A method for manufacturing a magnetic transducer according to
the second aspect of the invention may further comprise: 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 the first value and

the ongoing-work-information and controls polishing of the bar so that the



the resistance filmpattern nade on the substrate, whereby the substrate
I nformati on contains data about at |east either the obtained resistance
vaFue of the | eading conductive filmor the obtained resistance val ue of
t he -8- resistance filmpattern.
In_a nmethod for manufacturing a nmagnetic transducer according to a second
aspect of the invention, in addition to_the first aspect, the polishing
step further obtains information about ~Pre bar under wor ki ng as
ongoi ng-wor k-i nformati on and controls polishing of the bar based on both
of the subs | O i I.ng- 21 ion so that the
magnet o- senéglt?ﬁl1 ggé‘ﬂae%ér@lh%%f)%%gge%%%%&ﬁ?%;@ggt%%% e%’m’ ned target
resi stance val ue. | n.t he nmethod .for manufacturing a ngt i.c -
transducer, the  dRgtierReld i PaP AT SRR TR Ee A UTHIEr Bl Tati ng i s
obt ai ned, an polishing of the bar is controlled based on both pf_.the
ongoi ng- wor K3lugf SPRSHYWIE N PAY ibihe estimated, Fesistance, V@R‘é? ¢l ¢he
magnet o-sensitive |ayer, included_in the bar has_the predetermn ned target
resi st ance Maghgto-sensitiye layanigahtainggy Ry the predatemnined eperation using
I nformati on about the bar itself under working and the structure forned on
the bar undére swhdtratg. information andriderweightingneoetficientsr ohtgined thyonghc
transducer according to

the statistical processing, and the estimated resistance value is calculated

by using thé first value and the ongoing-work-information. Polishing of
the bar piece is controlled so that the estimated resistance value reaches
the target resistance value.

In this.case, the method for manufacturing a magnetic transducer
can further comprise: a step of calculating a second value constituting a
part of the estimated vresistance 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 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



t he second aspect of the invention nmay further conprise: a step of
calculating a first value constituting a part of a potential estinated

resi stance val ue of the nagneto-sensitive |ayer by subjecting the substrate
information to a predeterm ned operation using values previously subjected
to_statistical processing as weighting coefficients, wherein the polishing
stép cal cul ates the estimated resistance value by using the first value and
t he ongoi ng-wor k-i nformati on and contr&l' polishing of the bar so that the
-9 estimted resistance val ue reaches the target resistance val ue.

In the netrlég gﬁc{@ggfacturing a magnetic transducer, the first value
constltutlng a par % he estimted resistance val ue of the
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Pol i shi ng of i ece | controll ed so that he es ted resistance
val ue reach®&y P‘Wéﬁ &P @mraets ghftidey A gesistance value op HE 18t he

met hod for manufacturing a nmagnetic transducer can further conprise: a
step of cal Ealvat Ml@nwmﬁ@rsemlti@ecl@wt rrafg Ay the prbstratgror 9h\@rt‘@§t| mat ed
resi stance val ue L& ecting the ongoing-work-information to a

pr edet er m nmmstpap@t\radue tle vahgeeto-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.



previously subjected to statistical processing as weighting coefficients,
wherein the polishing step calculates the estinmated resistance val ue by
usi®Fng the first value and the second value and controls polishing of the
bar so that the estimted resistance val ue reaches the target resistance
val.ue. In the nmethod for manufacturing a magnetic transducer, the

second val ue constituting a part of the estinmated resistance value of the
magnet o-sensitive |layer is obtained by the predet er mi ned operation using
t he ongoi ng-wor k-i nformati on and the wei ghting coefficients obtained

t hrough the stati sti i e ' ' : ue is
cal culgat ed by usi thg‘} Et?%%aetw’(?g(?‘s%gﬂggacﬁﬂn%h%emgg%g%%%gggl&%%ﬁ&gﬁn@%f t he
bar is contpolled g0 .that e estimated resist.ance val ue.reach t t ar get
0 S CTeslt affbni gl of 6 NbRIRY “thd ENUARR SFor BT REERR Al Bagner' ¢
transducer gccordi ngl tlo he second,aspect . of e inven%i_on .t.helsubstrate
i nf or mat i onCBBERFIAR YG14% 8{)3 Hlfﬁgefﬁﬁ?ﬂe PEYion e Magoetaspenaitive 1a¥el ot ance
val ue or sheet r%sairstance val ue of the magnet o-sensitive_ |ayer rraq%gyon t he
i

substrate ofn&hgibar wherghysthe engaingavork igformatiomemniemsdais abaut they er

contai ning a crowding resistance conponent as well, whereby the substrate
i nf or mat i onokiained dimengion vabiut at | east either the obtained resistance
val ue or sheet resistance value of the magneto-sensitive |layer or the

obt ai ned virtual r&xosdingcdéo a third aspect of the invention, a method for

manufacturing a magnetic transducer having a magneto-sensitive layer
changing in electrical resistance in response to an external magnetic field
comprises: a deposition 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.

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



val ue of the magnet o-sensitive | ayer. In a nethod for
ng a magnetic transducer according to the second aspect of the

manuf act uri
i nventi on,

the filmformng step may further form at |east either a

| eadi ng conductive filmto be electrically connected to the
magnet o-sensitive layer or at |least one resistance filmpattern for
functioning as a dummy, and the base i_n{%)_r mati on obtai ning step may

the resistance val ue of at |east either

resi st'ance

filmpattern made on the base, whereby the substrate

obt

he | eadi ng conductive filmor
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val ue of the | eading conductive filmor the obtained resistance val ue of
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obt ai ned di

r’ansi on val ue. . )
of the bar so that the estimated resistance value reaches the target

resistance value.

In a method for manufacturing a magnetic transducer according to
the third aspect of the invention, the polishing step may further obtain 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.

In a method for manufacturing a magnetic transducer according to
the third aspect of the invention, the deposition step may further form on
the substrate at least one resistance film pattern for functioning as a
dummy, and the polishing step may obtain 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.

According to an aspect of the invention, an apparatus for
manufacturing a magnetic transducer having a magneto-sensitive layer
changing in electrical resistance in response to an external magnetic field
comprises: 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



Accofdi ng to a third aspect of the invention, a nmethod for

manuf acturing a

nagnetic transducer having a nmagneto-sensitive |layer changing in
el’ectrical resistance in response to an external magnetic field conprises:
a deposition step of selectively formng at |east a magneto-sensitive

| ayer on a predeterm ned substrate; a cutting step of cutting the
substrate into a plurality of bars eacﬂai ncl udi ng at | east the

magnet o-sensitive |ayer; and a polishi

“step of polishing the bars,

wherein the polishing step includes: obtaining information about the bar
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nmet hod for rrantgfaacturi ng a magnetic transducer, .a, pluralit
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and each of the bars is polished. The polishing step

of bars each
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According to the invention, 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 comprises the steps of:
forming polished bars each including a plurality of magnetic transducers
by a method for manufacturing a magnetic transducer according to the
invention; and cutting the bar into a plurality of head sliders each
including at least one magnetic transducer.

According to the invention, an apparatus 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 comprises: an
apparatus for manufacturing a magnetic transducer according to the
invention; 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.

Software for controlling manufacturing of a magnetic transducer

according to a first aspect of the present invention, which is used in



cal cul ates the second val ue by the predeterm ned operation using the
obt ai ned ongoi ng-wor k-i nformation and the wei ghting coefficients obtained

t irough the statistical processing. Then, the polishing step cal culates the
estimated resi stance val ue by using the second val ue and controls polishing
of, the bar so that the estimated resistance val ue reaches the target

resi stance val ue. In a nethod %Qr manuf acturing a magnetic
transducer according to the third aspE t of the invention, the polishing
step may further obtain a dinension value of a predeterm ned portion of

t he magnet 7§ﬁﬂ%' | : . | t

ongoi ng-work-1n g@%%t gﬁxggﬁgggﬁiEﬁ%%?gm%gg%@npﬁg5%%%%?%%%#%?%%%g %% val ue.
In a netho . u [ ; ' d i : he third
aspect of CRelaysIBahte) 1o BRI Sl AR Bl BREP R Mo el 2
substrate af | east one resistance.filmgpattern for functioning.,as a dumy,
and the pof’ig@ﬁimf‘?ﬁss?eﬁ%yo 0 gffllﬁn{‘%equgls’?gﬁg céggllétl uE &Pa%}heeqﬂ}eé'siast ance
filmpattern, . whereby the ongoi ng-work-informatiaon fyrther contains data
about the PE%‘?%‘?%FHB@@/%&?@ SURBOFIARE Q%@O'ﬁ?mﬁlﬁﬁﬁﬁﬁwr a structure
According to an, aspect of the invention, an apparatus for manufacturing a
magnet i ¢t iRglading at Ngash gnagnetowensitivenlayer vgrmaﬂeen theasybstgaten as

el ectrical resistance in response to an external magnetic field conprises:
substrat e snbsgirate inferroation hefoge peliskingoandbt ai ni ;g  domtwl matstem abbut at

| east either a predeterm ned substrate or a structure including at |east a
magnet o- senentrblling poléshinglof atplueklytyf afrvead volmichsabstrate is cut into, each

including at least magneto-sensitive layer, wherein the control step
controls polishing of bar based on at least substrate information so that
magneto-sensitive layer included in the bar has a predetermined target
resistance value.

Further, software for controlling manufacturing of a magnetic
transducer according to a first aspect of the present invention may
calculate, a first value constituting a part of a potential estimated
resistance value of magneto-sensitive layer by subjecting substrate
information to a predetermined operation using values previously subjected
to statistical processing as weighting coefficients, and calculate estimated
resistance value by using at least the first value, and control polishing of
bar so that obtained estimated resistance value reaches the target
resistance value.

Software for controlling manufacturing of a magnetic transducer
according to a second aspect of the 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



13 - substrate, as substrate information before polishing; polishing neans
for polishing a plurality of bars which the substrate is cut into, each
in€luding at |east the nagneto-sensitive |ayer; and polishing control
nmeans for controlling the polishing neans based on at |east the substrate
|n£ornation so that the nmagneto sensitive layer included in the bar has a
predeterm ned target resistance val ue, According to the invention
a method for manufacturing a nagnetid]ﬁﬁéd conprising a magnetic
transducer for reproducing information having a magneto sensitive |ayer

changing i nbgghe&{ é}%ﬁ&%ateriﬁﬂlﬁﬁ&?&f ahfl J@P%mkqnﬁﬂn%ﬁ N8l tH1Bgasd,!

field conprises steps o ormng bars each including a

I . : ' ‘ : :
F Ir ELZ‘%LE; Lo BRR A5 S BRANNE Rl BE Ty RAGHRRL pahMlCRE Aafmanet!c
plurality o rs each
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conprising a magnetic _transducer for repr,oducjn i nf oy mat.i on hayi a
magnet o- sentgsistaace Kadne Gia ﬁgagn@t%ﬁégﬁlﬁveziayg? Y §P§W€Emgns‘;}és\éf)%%se to
an external magnetic field conprises: an apparatus for manufacturing a
magneti c t r nforimetionde aqreidatprmined eperaticanusing valyes RreFipushhguRippigdat us
for cutting each of polished bars forned by the apparatus for

manuf act ur i tuy statistipaétrirocdssares dsioegighting ocoaffpdients| ang calculate a second

value constituting a part of a potential estimated resistance value by
subjecting ongoing-work-information to a predetermined operation using
values previously subjected to statistical processing as weighting
coefficients, and calculates a potential estimated resistance value using
both of a first and second value, and control polishing bars so that the
estimated resistance value reaches the target resistance value.

Software for controlling manufacturing of a magnetic transducer
according to a third 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 a control step of controlling polishing of a plurality of bars which
a predetermined substrate supporting a magneto-sensitive layer is cut into,
each including at least a magneto-sensitive layer, 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 a potential
estimated resistance value of a magneto-sensitive layer by subjecting a
obtained ongoing-work-information to a predetermined operation using

values previously subjected to statistical processing as weighting



of head sliders each including at | east one nmagnetic transducer. _
Seftware for controlling manufacturing of a magnetic transducer according
to'a first aspect of the present invention, which is used in o

- 14- manufacturing of a magnetic transducer having a magneto-sensitive

|l ayer changing in electrical resistance in response to an external
magnetic field, conprises a step of obtaining information about at |east
either a predeterm ned substrate supﬁd“iing magnet o-sensitive | ayer or a
structure including at |east magneto-sensitive |layer fornmed on the

3 i li shi . t rol
step | of  SEERGEAR Wil bl ARp 1SS B %%Hrﬁgfeéa%%f%ﬁf%euﬁé’(‘ﬁah e is
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aspect of the. pr oSBRT ARy cRE | GHARRIEL o cEPRERce. VRREL SfalemAEetict ut | ng
a part of a potential estimated resistance value of nagneto-sensitive
|l ayer by suBpasdnesy apgoetingte a first especti ofithe prasntebyentinhnwiidpis farri on
using val ues previously subjected to statistical procesging as mplghtlng
coef fi ci entestimatingadrc eleatricad sesistaras 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 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 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
an estimating step of calculating the estimated resistance value by using at
least the first value.
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



resi stance value by using at least the first value, and control polishing
of bar so that obtained estinmted resistance val ue reaches the target

resi stance val ue. Software for controlling manufacturing of a
magneti c transducer according to a second aspect of the present invention,
whi ch obtains information about bar under polishing as information during
working, in addition to substrate intq&q&tion, and controls polishing of
bar based on - 15 - both of
substrate informati on and ongoi ng-work-information. In this case, software

for contr olgredsteiiHéd Cperatién Alsidg WRINES beetibasigisgsgectddyto ealttiticale a
first value constituting a part of a potential estimted resistance val ue

of the MgnphesaailShs WetehtIEEodMicieHR, $idrBth Fﬂbbéét;[rﬁhﬁngis@éﬁwl%hié%_est 0 a

predet er mi ned operation using values previously subjected to statistical
processi ng ng.,C u

constituti r%gag%ggtmdo g%sq%%%lg%ﬁazﬁé Zag't ?(Qngltgggé)@els)?tsttﬁ%ﬁ%%%va u% %@i the

subj ecti ng %n%g(i@gr wor k-information to a predeterm ned operation using
val ues pr eVs y sut?bj ected to statistical processing as weighting
coefficients, and c&l cul ates a ggt ntial estinmated resi sota,ance val ue using
both of a first angi®@LendoLFHEnaURE &estitane | EHiRg Bads LEEPAEE ¢ he
esti mat ed resi sfance val ue rea the target resistance, val

Sof twar e f dFaBHIces @m%&l%tmggﬁ‘@raap@cw eniipaeRt iepkioaQuhich 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 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, 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
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.

A system for controlling manufacturing of a magnetic transducer
according to a first aspect of the present invention, which is wused 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



according to a third aspect of the present invention, which is used in
manuf acturing of a magnetic transducer having a magneto-sensitive |ayer
changing in electrical resistance in response to an external magnetic
field, conprises a control step of controlling polishing of a plurality of
bags which a predeterm ned substrate supporting a nmagneto-sensitive |ayer
is cut into, each including at |east a Jragneto-sensitive |ayer, and a step
of obtaining information about a bar er polishing as

ongoi ng-wor k-information, and a step of calculating a second val ue

consti tuti ngreeResrhin®d aubRE@RE | %pp&ﬁﬂ%tegﬁaﬁggféééﬁﬁﬁvé/ aidlj%r.c’fo aa

magnet o- sensitive | ayer by subjecting a ongol ng-work-i ntormation
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statistical processing as
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of a bar sogthat. am. esti.nated resjstance,val ue,reaches a farget resistance
val ue. for'con %PQI%%I’%@{% ﬂiﬂ‘?ﬁg" gf %%’sgi ‘é(p}fﬁc% S9§§t6€£90¥s ﬁltr?&gﬁ’ret ic
transducer acgordi,ng.to a first aspect of the present .inventjon, which is
for estimf3y BAugding @t; If’éﬁt raeéilggraeﬁe'@W&llt\Y@ ef Nehprein thaneantrele | ayer
in a step of manufacturing a magnetic transducer having a magneto
sensitive TRaBE ewgﬁgiSn@Oﬂﬁh@lge@ﬁr Rcharr basesk omcaati deasds poeseuhairate
external magnetic field, conprises a step of obtaining information about
at | east ei¥fHeymation so that a magneto-sensitive layer included in the bar has a

predetermined target resistance value.

A system for controlling manufacturing of a magnetic transducer
according to a second aspect of the present invention, which obtains
information about bar under polishing as ongoing-work-information, and
controls polishing of the bar based on both of a substrate information and
the ongoing-work-information.

A system for controlling manufacturing of a magnetic transducer
according to a third 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 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 under 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



predet erm ned substrate supporting the magneto-sensitive |layer or a
structure including at |east the nmagneto-sensitive |ayer fornmed on the
substrate, as substrate information before polishing, and a step of
calculating a first value constituting a part of a potential estimted

resi stance val ue of the nmagneto-sensitive |ayer by subjecting the obtained
substrate information to a predeterniqga%pperation usi ng values previously
subj ected to statistical processing as I ghting coefficients, and an
estimating step of calculating the estimted resistance val ue by using at

| east the fWOﬁitn:é?r?s dgredetermine JWBba Js‘?ﬁ%ﬁgidéeg?ﬂe%lﬁlf gshjetraae val ue

of a magnetic cer according to a sec ect of "t he 'present

obt i ni ng | ﬁ@‘??s%%?f rrBebi & pfefbE Cfididfer VBbrolf| ixdlnchudf P O
Conat i buti ngRaRrd anyesrmebtoral el ralrE Bitid yERBeIFE S (e

obt ai ned ongoi.ng work infornmation o a . .

- 17- pr edé?@r?ﬁ%%‘&lso%‘g?‘sj’tm%rpfugi f’l%} ¥9) that apetstinatsd §9‘ﬂ]s@&°8dv?’]61e
statistical processing as weighting coefficients, wherein the estimating
step cal cul maches rfargefiyemstarce vlngt ance val ue by using both of the first

val ue and the second val ue. Software for estimating a resistance
val ue of a magneti& 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



transducer according to a third aspect of the present invention which is
for estimating an electrical resistance value of a magneto-sensitive |ayer
in a step of manufacturing a magnetic transducer having a

nmagnet o-sensitive layer changing in electrical resistance in response to
an: external nagnetic field, conprises a step of obtaining information
about the bar as information during woking, during polishing a plurality
of bars which a predeternined substrat4’ supporting the nmagnet o-sensi tive

| ayer is cut into, each including at |east the nagneto-sensitive |ayer,
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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



structure including at | east a magneto-sensitive |ayer fornmed 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 nagneto-sensitive |ayer, wherein the
control neans controls polishing of a bar based on at |east the substrate
informati on so that a nagneto-sensitiyilLayer I ncluded in the bar has a
predeterm ned target resistance val ue. A system for controlling
manuf acturing of a magnetic transducer according to a second aspect of the

present i Nughi GRhludd !ﬁevﬁmrs]%i B8bjebtRHOTITREARS @ MlocBRing NS eRstiSPi NG as

ongoi ng-wor k-1 hformation, a controls polishing of the bar based on both
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control means for “cSREPERY & Stﬁ&?i%"ﬁ?' ngf Loy ay _P?/Ctof’f];; sp?‘?ﬁﬁp h a
0. - each PHERHER n(pPiRInRo UUDERAHGR o RPN |V | YT RALSHENNSAS or
obtaining information about the bar under _polishing as
ongoi ng- wordugoingwesk iinformativnneand meansalfeuicalqwating sacseepndalvadue
constituting a part of a potential estimted resistance value of a
magnet o- serconstitutingyerpdry ofubneestimgteth rekistanved valueo bprasuljacting | any
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 is 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



- 19 - working to a predeterm ned operation using val ues previously
sabjected to statistical processing as weighting coefficients, wherein
cofitrol neans calculates an estimated resistance val ue by using at |east
t he second value and controls polishing of a bar so that an estinated

resi stance value reaches a target resistance val ue. A conput er
system according to a first aspect of the present invention, which is used
in manufacturing of a magnetic transduc®  having a nagneto-sensitive |ayer

changing in electrical resistance in response to an external nmagnetic
field, conphiss@s fBF%HR:uié’c&n%Qh%é%hﬂ&e‘d”fé%ﬁé?%bé’Oal Phytushle hEasdstaiener 2
predeterm ned substrate su ting a nagnheto-sensit %/ or a
structure igeludi t least a magneto-sensitive |ayer forned on a
substrate, as substrate information before polishing, and control neans

for controlling p h|n of bars esub rqte is
cut -into, each in?é gt ff‘lgtz;%f ﬁleec{;%raé%aé;f’l %t?@va 3§%‘T‘ gf/\htg\eei n a
control neans ntro oI i_shi ng sed on at, |l east a substrate

i nf or mati on nsc? ﬂ%?étlﬁ ?eﬂ’iytﬁﬂ}’é‘ tieatgg?wi%ii‘iﬁ%’@t’r% the bar has a

pr edet er m ned tar get resi stance val ue. A conput er system accordi ng
to a second aspect of the present invention, which obtains information
about a bar_under_polishin oi ng-work-information in addition to
substrate iBF&EFaDES@PéﬂHI QE)'I[‘L'I% PRAWENGSP of a bar based on both of a

substrate informati on and an ongoi ng work information.
FIG. 1 is an external view of a general configuration of an

apparatus for manufacturing a magnetic head according to an embodiment
of the invention;

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.
L

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 ongoingwork-information for use in



A conputer system according to a third aspect of the present invention,
which is used in manufacturing of a magnetic transducer having

- 20- a magnet o-sensitive layer changing in electrical resistance in
response to an external nmagnetic field, conprises control neans for
centrol ling polishing of a plurality of bars which a predeterm ned
substrate supporting t he nagneto-sen?étive | ayer is cut into, each
including at |east the magnet o- sensi Tive | ayer, and neans for obtaining
i nformation about the bar under polishing as ongoi ng-work-i nformation,
and neans f8lculatich 664  valgiea second val ue constituting a part of a
potential estimted resi stance value of the nagneto-sensitive |ayer by

subj ecting the obpFRGNgds a PAKIE!F%n'BRAmblY 6f BRUffiGRNt Yafudy SORCRITIAE
operation using val ues previously subjected to statistical processing as

wei ghti ng %B@Eﬁfc'ie&iterﬁémeé‘”@o regﬁérfdg%gt i) %dfxiih%%ﬁ gﬁalcé§5ioft ?HEE%\AE’A ue by

using at |east the second valu contro I'ng o ar so that
A comput or TEDEPEHL AR Brd e ore BRARRIGNCS: °G1 the present i nventi on,
RSRRIEIR S A U IR M S N N,
Fesponse { SR Bk HuBHBNHCmRRlid, | compr i ses. means for obtal i ng

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 18B 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



%

i nformati on about at |east either a predeterm ned substrate supporting the
magnet o-sensitive layer or a structure including at |east a .
magnet o-sensitive layer formed on a substrate, as substrate information
before polishing, and neans for calculating a first value constituting a
pait of a potential estimated resistance value of the nagneto sensitive

| ayer by subjecting the obtained subs_té'f_te information to a predeterm ned
operation 21 using val ues

previously subjected to statistical processing as weighting coefficients,

and est | ! hogH REABL o A EHIBELAGEBE TRE irir%ﬁ(%rﬁgor{ o2 SBhRRAR of &l HRRDY

using at least a first val ue. er ‘system accordi ng

inder pol i shRgTibneBCRERD 1o B R ATR AN B beribofor il bt e ng o

second val ugescg@%?tituti ng a part of an estinmated resistance value by
subj ecting an ai ned ongoi ng-work-information to a predeterm ned

nergnting coerti At SONABACTOB Hiove s peaney stesstTe aF dbetss i
val e o magnatigohond or TGe binshotior & mianar @tmioture afpthe int Rbmpr coont
i nvention, which is used for estimating an electrical resistance value of a
magnet o- sendiagnetic |haadr shewa ist EEGef lﬁgnandleB.i nglG. dtdnshdves tar ervsducer

section taken on the line A-A’ of FIG. 11 perpendicular to an air bearing

surface (not shown). FIG. 10B shows a cross section of a magnetic pole

portion taken on the line B-B’ of FIG. 11 parallel to the air bearing surface.

The thin film magnetic head is a composite thin film magnetic

head having a stacked structure comprising a reproducing head 110 for

reading and a recording head 120 for writing on one surface (a top surface

in FIGs. 10A and 10B) of a substrate 101 as a wafer (a base) with an

insulating film 102 in between. The reproducing head 110 has an MR

element. The recording head 120 has an inductive magnetic tr;'msducer.

The substrate 101 is made of, for example, altic, i.e., a composite material

contaiﬁing aluminum oxide and titanium carbide (TiC), or the like, and the

thickness thereof is about 2000 yum, for example. The insulating film 102

is, for example, about 1 um 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



havi ng a magneto-sensitive |layer changing in electrical resistance in
response to an external nagnetic field, conprises neans for obtaining

i if ormati on about a bar as ongoi ng work-information, during polishing a
plurality of bars which a predeterm ned substrate supporting a

magnet o-sensitive layer is cut into, each including at |east the
magnet o- sensitive |ayer, and neans for cal culating a second val ue
constituting a part of a potential est 2Rt ed resistance val ue of a

nmagnet o-sensi tive | ayer subj ecti ng obt ai ned
or evi ousl y Sipl et 314 d?g%%%ﬁﬁf S8k e 4@2@9;@ T S
and 22 - means for cal cul ating

an esti mat é.gmr%g?'stance val ue by using at Ieast the second val ue.

O her andfurther cts t ur es, and dv eso the ..invention wll
appear nore ful |yt ﬁﬁthé}“leg‘? fﬁm ald ond S}Bﬁ{&EﬁlﬁE | B%% ON OF

THE DRAW NGS FIG, 1. is_an exter naI VI ew of general conf |(?urat i on
of an app@avidedster magmetigellyrshieldatheayHe filn Hddd a‘b@oﬁbﬁ ndnd segen
enbodi mrent of the invention; FIG 2 is a block diagramof a

general corshieldrfiimsohlbfand Ebharelocated so as to face each other with the MR
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 film 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



secti on of

t he apparatus for manufacturing a nmagnetic head shown in FIG

1~ FIGs. 3Ato 3D are schematic illustrations of steps of a nethod
of © manufacturing a magnetic head according to an enbodi nent of the

i nventi on; FIGs. 4A to 4C are illustrations of steps follow ng the
step of FIG 3D FIG 5 is a flowhart of control operation of a
conputer shown in FIGs. 1 and 2; FIG 6 is an illustration of an
exanpl e of a cut pattern of a wafer; "26- FIG 7 is a plan view of an
exanpl e of an arrangenent of MR el emants RLG sensors and an M sensor in a
bar;

23 - calcu
coeffi ci ent
i ndi vi dual

head to be

e of

in cal cul at | %@@flﬁr‘ﬁbi% ggépgrrl] ong %gﬁvg%ragﬁih%oﬂ%atl fothggé tﬁél%sjﬁ%:] e
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bk Bl srpafft e MR At émcon@msge@&?afaeasﬁoﬁdlfeﬁgtwél?f”p c 0
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f act ; . ,
rrH%tng%egic fluerl(? ahd to be suitable for mass production.

A length of the MR film 113 between the end thereof close to the
air bearing surface 103 and the opposite end thereof is called an MR height.
The MR height is one of factors that determine a reproducing output. The
MR height has the following properties: the shorter MR height results in
the higher reproducing output, but too short an MR height increases
electrical resistance of the MR film 113 and thus reduces the reproducing
output due to a rise in temperature and also the longevity of the MR film
113. Preferably, the MR height is therefore reduced to such an extent that
the reproducing output and the MR film 113 are not adversely affected by
the rise in temperature. The thickness of the MR film 118 is a few tens of
nanometers, for example. The MR film 113 has a shorter length in the
direction parallel to the air bearing surface 103 (hereinafter appropriately
referred to as a track width direction) compared to the first shield film 111,
the first shield gap film 112, the second shield gap film 114 and the second
shield film 115.

A pair of first lead layers 116, which is located so as to face each
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



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

manuf act ur ed; FIG. 12A and 12B are a graph and a plot of a state
of "variation in resistance values of MR el enments of nmagnetic heads

manuf actured by the nmethod of manufacturing a nmagnetic head according to
the invention, respectively; FI Gs. 13A and 13B are a graph and a
plot of a state of variation in M resjstance val ues of MR el enents of
magneti ¢ heads manufactured by a nethod of manufacturing a nmagnetic head
of the related art, respectively; and FIG 14 is an illustration

O o0 XA S REAEK 28 AR HesoBld b LGS VEDSRh AT =
(1 G lhofieo RS D5Ek Ao bt R RGBT o™
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t hi film eti head t o be mapyuf act ure the method.will be first
' g&gﬂmsgc y Functllons as a H m for app yl%;; a blas, but the permanent

magnet film is treated as a part of the first lead layer 116 in the
embodiment. The permanent magnet film is made of, for example, an
alloy (CoPt alloy) of cobalt (Co) and platinum (Pt), and the conductive film
is made of, for example, tantalum (Ta).

Each of second lead layers 117 is electrically connected to each of
the first lead layers 116 on the side opposite to the air bearing surface 103
(see FIG. 11). Each second lead layer 117 extends from each first lead
layer 116 toward the side opposite to the air bearing surface 103. Each
second lead layer 117 is formed between the first shield gap film 112 and
the second shield gap film 114, similarly to each first lead layer 116. Each
second lead layer 117 is made of, for example, copper (Cu).

The recording head 120 has a stacked structure comprising a write
gap 121, a photoresist 122, thin film coils 123, a photoresist 124, thin film
coils 125, a photoresist 126 and a second magnetic pole 127 in order on the
second shield film 115. The write gap 121 is, for example, about 0.1 pm to
0.3 pm in thickness and is made of an insulating material such as
aluminum oxide. The write gap 121 has an opening 121a near the center
of the thin film coils 123 and 125 so that the second shield film 115 and the
second magnetic pole 127 are brought into contact with each other and thus

they are magnetically coupled to each other.



descri bed. FI Gs. 10A and | OB show a sectional structure of the
thin film magnetic head. FIG 11 shows a planar structure of the thin film
magneti ¢ head shown in FIGs. 10A and I0B. FIG 10A shows a cross section
taken on the Iine A-A of FIG 11 perpendicular to an air bearing surface
(npt shown). FIG |0B shows a cross section of a magnetic pole portion
taken on the line B-B of FIG 11 para_lséqel_ to the air bearing surface.
The thin filmmagnetic head is a conpo e thin fil mnmagnetic head having
a stacked structure conprising a reproducing head 110 for reading and a
recordi ng head 12 I It C 0 f | . 10A
and | 0B) of a subg%‘lragtpm% %%g ?E\Na‘a?gerr?ﬂ{igxfegaagé:@ovét t ﬁe%‘r}]\rt ?ﬁgﬁpg% %lg Ilm
102 in bet e reprt odlc) 1 has, a el nt.. The reacording
head 120 hggﬁglﬁng%daétil%\%eeynmm et Pﬂ@% F;}%Qdﬁ%&"_ %'d\r@én'su@ggr%?@qg’fl% made
rial . containi | umi num
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(hereinafter referred to as t hi ckness) and i s made of an_ insul ating
mat eri al  su¥¢FoRAIDg) Wﬁtﬁﬁ%s&? the rerpedipgiheador Theophetpresiste122papa@d i nches
thick is used as the substrate 101. The reproduci ng head 110 has a
stacked st r sdghide ageaypirpm the air beariag syfadedl(G3 sohatithesetond magriedled gap
film112, an MR film 113, a second

pole 127 is in contact with the write gap 121 near the air bearing surface

103. The photoresist 122 has the same opening 122a at the position
corresponding to the opening 121a of the write gap 121 so that the second
shield film 115 is brought into contact with the second magnetic pole 127.
Each of the thin film coils 123 and 125 is, for example, about 3 pm in
thickness and is located at the position corresponding to the photoresist
122. The photoresists 124 and 126 are provided to ensure insulating
properties of the thin film coils 123 and 125 and are formed at the positions
corresponding to the thin film coils 123 and 125, respectively.

The second magnetic pole 127 is, for example, about 3 pm in
thickness and is made of a magnetic material such as NiFe alloy or iron
nitride. The second magnetic pole 127 extends from the air bearing
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



-25- shield gap film 114 and a second shield film 115 in order on the
Isnsulating film 102. The first shield film 111 and the second
shield film115 are provided to nagnetically shield the MR film 113. The
first and second shield filnms 111 and 115 are located so as to face each
other with the MR film 113 in between. The first shield film2111l is, for
exanple, about 0.5 [err] to 3 [err] i 9t_hickness and is nmade of a magnetic
material such as an alloy (N Fe aIon? of nickel (Ni) and iron (Fe). The
second shield film115 1is, for exanple, about 3 [err] in thickness and is

made of a RRGACkLS 1981814 8 parf ¢ thé SeddndCsBblHIA 15 Bcdtthtt 48tH fied) - The

second shield frI'm 115 also functions as a first magnetic pole of the

f
recording e 128, 13195k atienoN Pl Ia0 o | BB Yk £ doaitlt bl 11

for providing eleCtrical 1 nsulation et ween I rst shi i'm 111 and

the MR fil n e - Shi I 14 | Lhsutating film
for provi di@rt]é;cg%egt (rjlrfé{aél Sﬁﬁsﬁﬂgt }Sogﬁg%tg?%veaagnf) }f%vghéégoﬁg Jgﬂzlre#‘% #’?Idn%{] 115 and
the MR fil mell3. . 1,0 Ne fil.m 113 is ovided to read information
wrtton on S FERFk, WAM HAPRGIR GO Y ABTeh b enRiy DORoB ! ose t o
an air bearing syrface 103, The MR film 113 conprises, for exanple, an AMR
fil mexhi biﬁepﬁgat&a d;W%WF@H%g, d%ta@mapap‘mvgﬂﬁc& ting a GWR effect, or the
like. The AMR filmhas a_single |layered structure nade of_a magnetic
material exhi bi ti Rfidentelyepnayerconsd¥4ds fnpmed opcthearaceyding hegdrl 2G| enent
conprises the GWR fil m havi nghthe GWR effect. GVWR fil ns

. on the side opposite to the reproducing head 110 (the top in FIGs. 10A and

10B) so as to cover the overall surface. The overcoat 104 is, for example,
20 um to 30 pm in thickness and is made of an insulating material such as
aluminum oxide. Incidentally, the overcoat 104 is not shown in FIG. 11.

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



I nclude, for exanple, a nultilayered type (antiferromagnetic type) film an
Inductive ferromagnetic type film a granular type film a TMR (tunnel

- 26 - effect MR) type film a spin valve type filmand the like. O these
types of films, the spin valve type GWR filmis considered to have a
relatively sinple structure, to exhibit a great change in resistance even
under a low nmagnetic field and to be suitable for mass production.

A length of the MR film 113 between the%énd thereof close to the air
beari ng surface 103 and the opposite end thereof is called an MR height.

The VR hel GlbodgofN8,0! LARIAEE YRGSt GLILAP AoHePRCUEhAg UL P The

MR hei ght has ef OW NQg properties. r I n

t he hi gher reproduci.ng output,. hut .t oo short MR hek.ght i ncreas
el ectrical W%’E’T‘%‘Fﬁ I'<‘:ré§('5‘f Magac RfnfEe Iﬁﬁ&oftﬁﬁserpgﬂéfg@?tt Itige &grdﬁ%rduci ng
out put due tao .a rise.in,t erature and al the | ongevity of the MRfilm
113. Pr efervgglltiﬁd?q‘??bﬁ%br?iq%m C?%’“Pﬁ@?%fvmé%"egec}&%"d to such an extent that
t he reproducing otlt put and the MR film 113 are not. adversely_ affected by
the rise in tenpetainfigiraing of gpparaiys for memadagturingmmagnetiGheadlow t ens’” of
nanoneters, for exanple. The MR film 113 has a shorter length in the
direction paral | eFlGoltshoves madinkr anelevaticnsd axdernaconfigatratden of an
appropriately referred to as a track width direction) conpared to the
first shi elappiiratmsifot mandfectiirirg a shagnatighead acoordihz, totdre emdpodimdeshi el d
gap film 114 and the second

of the invention. FIG. 2 shows a general configuration of mainly a control

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



shield film 115. A pair of first lead layers 116, which is | ocated
so as to face each other with the MRfilm 113 in between in the track

wi 8th 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 film114, simlarly to the MR film 113. Each first

| ead | ayer 116 is, for - 27 -
exanpl e, about a few tens of nanomet ers’t o a few hundreds of nanoneters in
t hi ckness and has a stacked structure conprising a permanent nmagnet film

and a Conduﬁx&iagﬁriﬁ | BsthREbAE™ Alkb Ynot! BRow' n%%ngL@%g%?lf f[alt;'ﬂ' the M

intrinsically Tunctions as a fil'mfor applying a bras, e permanent
embodi ment . >uiet SR e el Tater?] hStban L Bre¥its W E amebitc Sl oy
e of, {off GRATRE BRIRRAA. | Each of second |ead | ayers
117 is electrically connected to each of the first, lead |ayers 116 on the
side opposite to te MINYAGHYIRE APPRRRIAS1 A0 carpRripgsGa ¢amputercf f¥cond
| ead | ayer 117 extends fromeach first lead layer 116 toward the side
opposi t e t ocamEolling nlishing of the baws Liomd Easemoteddfuot shewnapdfld 1l | s
formed between the first shield gap film 112 and the second shield gap
film 114, swihicharisyraferredcto fwhen theadompyser Dl@xe&isted 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 (Reéd 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



second | ead layer 117 is made of, for exanple, copper (Cu). The
recordi ng head 120 has a stacked structure conprising a wite gap 121, a
photoresist 122, thin filmcoils 123, a photoresist 124, thin film coils
125, a photoresist 126 and a second magnetic pole 127 in order on the
second shield film115. The wite gap 121 is, for exanple, about 0.1 [err]
to 0.3 [err] in thickness and is naq%ﬁgj an insulating material such as
al um num oxi de. The wite gap 121 has amn opening 121a near the center of
the thin filmcoils 123 and 125 so that the second shield film 115 and the

second MAGNR{nEifPEThE bed/1 Rekl B%'Ctﬂg Hiahgl}[yﬁxéfémﬁé%he ‘Ha&%oﬁ@@opﬂﬁ@q_iﬁgmd thus

they are magnetically coupled to eac

phot or esi st ' ' | f, for
Cxarpl o, aboit Pit Goffe By b8 sgichal P Bkarhld M schT Sutack B EHERBACT, .

| ength of t a0t or 8Si the. §_C I r
beari ng surgﬁ%%%%o@ @%ﬂ‘&if %&é}{%@%&é@ﬁ\%egﬁ sﬁs(r?%gcgpﬁgg?%{ﬁdh%%%aég{ gfé‘?ﬁga
recordi ng properties of the recording head. The photoresist 122 is spaced
slightly awdy fromthe air bearing surface 103 so that the second magnetic
pole 127 is in contac {th the wite gap 121 near the air. bear] surface
103. The phot or coitie RBSY pensor ﬁéS@%ed%gﬁwamr%meP & %d%PY%dga fo

corresponding to the opening 121a of the wri teréap 121 so that the second
shiel d fil nneasuresths sasastancevalues of £d:G wensorsiid, §86¢ 6Ad. nehownin lf%??-e 127.

7. The RLG sensors 54, 55, 56, ... are not structural components of the
MR element but resistance film patterns serving as, so to speak, dummies,
which are used as one of indicators for determining the timing of stopping
polishing.

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 indicat_ors 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
Wafei* 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



Each of the thin filmecoils 123 and 125 i s, for exanpl e, about 3 [err] in
thickness and is located at the position corresponding to the photoresist
122. The photoresists 124 and 126 are provided to ensure insulating
properties of the thin filmcoils 123 and 125 and are fornmed at the
positions corresponding to the thin filmcoils 123 and 125, respectively.
The second magnetic pole 127 is, for e |l e, about 3 [err] in thickness
and is made of a magnetic material suc s NFe alloy or iron nitride. The
second magnetic pole 127 extends fromthe air bearing surface 103 to near
the center t g o1 I.m.eail 3 ] d Svalfdy 14 MMicede Mhxish the
wite gap 1§]t1an%§$e fgré;%éaq%ggl}%ﬁlgﬁéfﬁ?gglé %@éﬁéT e second nagnetic pole
127 is alsoqif contact wit N C ' ' t ter of
the thin i nieotite i 3e B dBaaRERetoRsRAt A P and BT ke BERGR 00 1
:L“r ? ;g ef Ili)?’,}}ql ﬁs@fer informati-cl)-pxestgxeacg%nﬂ).na’?ﬂee toi)gral%?olnecole%ﬁcigﬂt Eg%aié i% %,?,[ langap
121 and a part of the second_shield film 115 i ontact with the wite gap
121 are al i t38W c{f.ls Ryeviously creptgd ﬁzx&@%&@ﬁﬁ%ﬁ%&*ﬂ% APl i o
This structure is effective at preventing an incrgase ir;&ig effective
track wi dt his enelof statistienh sshemesadThe apsgaiaen copfiigientntable 12 1 at ed
during witing data on a narrow track. . I nci dent al Idy, an over coat
104 is for neebfficienteforawsendiwejghting facealculating the S values and coefficients

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



on the side opposite to the reproducing head 110 (the top in FIGs. 10A and
|.0B) so as to cover the overall surface. The overcoat 104 is, for exanple,
20 [err] to 30 [err] in thickness and is made of an insulating materi al
such as al um num oxide. Incidentally, the overcoat 104 is not shown in
FLG 11. The thin filmmagnetic head having the above-descri bed
structure functions in the follow ng g@nner. That is, the magnetic fl ux
for witing is generated by passing a®eurrent through the thin filmcoils
123 and 125 of the recording head 120, whereby information is recorded on

the magnet o ROSF LShTEYMRd Bat SROWD 1 B8 o B Sbba!deetid T om

the magnetic recording dium(not ‘s etected by passing a sense

t ot h £ ] 1 . Lok ' ;
"t or mat | oAPeE e Mo o dnBlirdtiiy a5  REGHRRENAE olRRREL | ca
out . Next K —ap apparat us and a ”jﬁt ho _t‘orf manuf act uri n‘i% @ nmagneti c
head accor SPTESPRIS Evdti FRATTGT PRIy etk i ofPTtWRTe hdoTyeSOMTBEE Si nce

a nethod and an, apparatys for manufacturing a npagpet gref\,si stive el enent,
sof tware aMPRIBGUTEg 052 dBABRIINY {tFRNSIRARN alk UPOWaEY Tar SEEMARES sti ve
el ement, software for estinmating a _resistance val ue of a magnetoresistive
el enent, afesigtansaprele of & annageelic dragsduserh ofnihegiineention.  fa the
30 - invention are enbodied by the nethod and the apparatus for
manuf act ur fellpvaingadessriptione aaocessimedexrguted biyethentprlicasion progranoforer
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



wi |l be described below in conjunction with the latter.

[ Configuration of apparatus for manufacturing magnetic head] FI G
1 shows nainly an el evational external configuration of an apparatus for -
manuf acturi ng a magneti c head according to an enbodi mrent of the invention.
FIG 2 shows a general configuration of mainly a control <circuit of the
apparatus for manufacturing a magnetic_%e_ad showmn in FIG 1. The apparatus
for manufacturing a magnetic head accortting to the enbodinent is an
apparatus for polishing a cut surface of a bar formed by cutting a wafer

having a pl gg@bdgond8itoGPEfeeifd eﬂaﬁﬁi@%*&ﬁeéﬁ@nﬂﬁ%&ég&%ﬂﬁ%‘%ilfe”_ ghi ch

has a stacked structure conprising a recording avi ng an i nductive
magnetic trgpsdegar for witing and a reproducing head having an MR
el enent for readi ng. As shown in FIGs. 1 and 2, the manufacturing

apparatus conpri Sgs IH for hgl.ding each.of, bars ut fromagywafer 14
in the form of pa eegydéﬁfgéﬁngﬁn%‘f e%?lsfpé'pwg)gg%lpaﬁsétﬁgfbae%ge &é’ﬁder 4
for reading bar .code 3 on the.ji ; an, RLG senspr resj stance measuring
st r ament "BLG GFotkiRg marBinend it PulEHEwl va) A She 1T R SO

Lappi ng Gui d .sensors. (not shown jn FIGs. 1 and 2, see FIG 7) included
in each barpgl?lsbiﬁgoﬁg%h§bﬂ arespuiraled bydhe sempytends r unent 7 for neasuring
t he resistance Vjﬁje of an M (Magnetic) sensor 59 (see FIG 7) included in
each bar 1; and gthodl wbmanvdactazingmagnetie hpadli shing the bars 1. In FIG

1, the RLG sensor resistance nmeasuring instrunent 6 and the M sensor
resi st ance Next, a method of manufacturing a magnetic head using the

manufacturing apparatus having the above-described configuration will be
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



31 - neasuring instrunment 7 are not shown. The RLG sensor and the M

sensor will be described later. The bar 1 corresponds to a specific exanple
of* "a bar piece" of the invention. The manuf acturing apparat us

al so conprises a conputer 9 for controlling polishing of the bars 1; and a
mgpory 13 (not shown in FIG 1) which is referred to when the conputer 9
executes a predetermned operation. T menory 13 conprises a wafer
information storage 10 for storing waf®t information to be described

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

and, n Ope" abhelhesel] € GRLbo IR of % FAOSAE GoRRGHEY e mnrods aner o

coefficientS to"Dé descri orm Arewitable

latil e, ' -
(Rond anl y REROPG - 45 ealugteeti tmpRefft pk Sishatel I AU TLEETRRR, C "ol

(Random Accgs Menor or, the like.can used the ry- .13 wever,
t he mem)ryfefa layexs: ﬁ‘? oAb os‘?%@dai?ﬂfgiﬁ%%tsi 85226 tﬁ%n%ﬁ&élg’[w nﬁ%ad)g?ernal
menory capabl e of high speed, o tion, such a hard disk drive or a
magnet o- opt PREPTRE SRIVARE\ES ¢B& &a’l"’esl@oﬁ%e%ln%gi?h‘"ém?ﬁé‘ﬁﬂ?@ 140 patterns The
jig 2 is provided to_hold on the top surface thereof each of the

rect angul ar seyyirg 2s thiei Mhsansersieemespond to 8 aperiicoexample) Qfgfazs ryctifde of
for exanple, a white ceramic nmaterial or the |ike. A bar nunber for

i dent i fyi ngfarheedbar a wdfet"dofibhetiheentign.2 i s assigned to a side surface of
the jig 2 as the bar code 3 with any of shades of black. Each bar 1 cut
fromthe [Thin film process]

The thin film process for forming the head cores and the like will
be briefly described with reference to FIGs. 10A and 10B and FIG. 11.

First, the insulating film 102 made of an insulating material such
as aluminum oxide is formed by sputtering or the like on the substrate 101
(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



wafer 14 is held by the jig 2 having the bar nunber corresponding to the
waf er 14 and a cut position of the wafer 14. The bar code reader 4 can
identify the bar 1 held by the jig 2 by reading the bar code 3 of the jig

2. The bar code 3 may be attached to, for exanple, a rear surface of each
bar 1 opposite to the surface thereof to be polished, or the |ike, instead

of the jig 2. The RLG sensor resistance neasuring instrument 6 is
provided to nmneasure the resistance valdes of RLG sensors 54, 55, 56,
shown in FIG 7. The RLG sensors 54, 55, 56, ... are not structural

o Speak, ditPRStoRbis Rt Bl ERNC RERNy U AR SRR AEREYIE 35 SThe
ot ament - PR niRActRPo Shens and vre i debhiEinad tif SuRb S SRR O
di monsi ons 8P P HRNE  BrTEt ROLE heFHRERE TFURAeS TFPRYerE WO &
sensors 54, 55, 56 and so on, the Msensor 59 is used only as, one of
i ndi cat ors Ae tailater fupetinn anshe RLG sepssrs anddbery seosprsniang salegttyelnot a
structural conponent of the MR el enent. The nenory 13 stores
waf er i nf or frrmeshusisgy fo1example, the same material as the material of the MR
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. 8A, 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



predet erm ned operation coefficients. The wafer information contains, as
wel | as data about the wafer 14 itself, data about the structure nmade on
the wafer 14, such as MRfilm113-1 to 113-3, the RLG sensors 54, 55 and
56, the Msensor 59 and | ead conductors (the second |ead |ayers 117). The
waf er information corresponds to a specific exanple of "base information”
of the invention. In a state in which the structure is nade on the wafer 14
or a state before starting polishingzﬁa&ﬁ cutting the wafer 14 into the
bars 1, the data is to be obtained by nmeasurenent or the |like and to be

o 1" MR SR B R o A PP
£S|2¥ f | ent %‘%ﬁ@li@?@ﬁi?%é%@ °s%i§c§wfe?s% Fotried 33, RS @R To e
. fici ¢ : bt '
cal oul at i ngeFAEugUHaELS BRSEPTBEd PR theRbObTesiEt U4 S SRPREHYal ned
by an operation based on_the wafer inforpation and the_coefficients in the

operation cBunedcornthe phptwresist 128 and dihgethin fikmqorls: £48 dnt Eheo§aBr ti ons

associated with a state before polishing, of factors which have an
i nfl uence omamnernab R mMEwitetearste 1221 udllu, athe dthinhfibuglkode| 12hiatg. The S
val ue corresponds to a specific exanple of "a first value" of the
i nvention. selectively formed on the photoresist 124 in the same manner as the thin
film coils 123. Additionally, the photoresist 126 is selectively formed on
the photoresist 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 128 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



The conputer 9 conprises CPU (Central Processing Unit) playing a major
part in controlling polishing to be perfornmed by a polishing apparatus; a
hard di sk unit storing an operating system (0OS) that is a basic program
an application programfor controlling polishing, and the |ike; ROM
storing BIOS (Basic I[nput/Qutput System) that is a programfor booting a
system and the like; RAMthat is a working nenory; and so on, although
any of these conponents are not shown.” 3&7 i nf or mati on processi ng appar at us
such as a personal conputer is used as this type of conputer 9. The CPU is

dapt ed t th [ [ f
205‘? r§| | |n§g %Eﬂfy%‘%ﬁ%ﬁ‘é SRR, 2369 F@%R’#g?a‘ffaqvg?. ous operat i ons for pol | Shing
and there erfor e
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the operations. Mainly applicatjon programf ntral l.in |sh| ng
cor r espondsVaidoes SFpes quc 2@ Lé)r@fatmé‘oﬁﬁ’%/a?r@"f ?%dﬁ’(%f"ﬁ}q g B8
manuf acturing of a magnetic transducer "software for estl ma,tl ng

resi stance Specifically,aimmediately aﬁansfgmmg‘ tb*P Mﬁeﬁihﬁvé?q%l Bhe rPﬁS'E?H@e
foll owi ng description, processing executed by the application program for
cont rol | i ngfibolyasterng ‘twifirhetiien as phe Red sepsonsranst thec leqosemsomand@qm
conputer 9 as the subject (the subject word). The conputer 9
per forms pragesbé vflahedstathg gppaitattibénd alsivo® is brought into contact with
the films so that the resistance 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.



fromthe nmenory 13. The conputer 9 is also adapted to calculate the K

val ue by perform ng predeterm ned weighting to be described | ater using
the coefficients in the operation coefficient table 12 and various types of
data neasured at predeterm ned intervals during polishing by the RLG
sensor resistance neasuring instrunent 6 and the M sensor resistance
measuring instrument 7. The K value is an estimte on portions associated
with a state during polishing, of fact'?¥®” whi ch have an influence on the
final MR resistance val ue obtai ned through polishing. The K val ue

computer 9 15 al sorsenprEat 3T aupdi T RHMR BB 1182 TR V0 e
Fesi st ance G5 BBEgRLA SIREN T COGIE £ AREDTUBL AT ERRRCT TRAPESY
Coti mat e e RBAESh Rie deRest i Gclopatedarotmsen e B Bl Hoaah 113 2,
calculating the MR estinmate will be described later. The MR estimate
35 - corr ethrosreond RIG spasorffisdeeatel desween phe MR fidmsd 1822 pad ddse3.val ue”
of the invention. The RLG working machine 8 is provided to polish
t he bars 1. afie¢heRGrdRILG mpnsec 56nehe Mssansof i5uard the diketarehlecatedrt and
stop of polishing of the bar 1 are controlled by the conputer 9.
between the MR film 113-3 and the neighboring MR film.
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 1s
formed on a single bar 1. The respective edges of the MR films 113-1,
113-2, 118-3, ... and the RLG sensors 54, 55 and 56, opposite to a cut
surface la are adapted to match a virtual line 57 parallel to the cut surface
1a. The cut surface la 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 um and a height H2 of 10 ym. The third RLG sensor 56 has a width
W3 of 30 wm and a height H3 of 10 pm. The M sensor 59 has a width W4
of 1.0 ym 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



[ Met hod of manufacturing magneti c head] Next, a method of

manuf acturing a magnetic head using the manufacturing apparatus having the
above-descri bed configuration will be described with reference to FIGs. 3A
to 3D through FIG 5. FIG. 3Ato 3D and FIGs. 4A to 4C show a general
menuf acturing process in the sinplified form FIG 5 shows mainly the
contents of processing by the conputer, 9, nore specifically, the procedure
for executing the above-nentioned app’l"f]c'at i on programfor controlling

pol i shi ng. In the nmethod of manufacturing a magnetic head
according t wRIPRd by i ' . rglaty of
head cores, nggt;(ﬁmof mﬁ!#;dﬁ%%gﬁgag %&@gﬁ?g‘r@ég}g&}}@rggnngﬁ E?ﬁ‘gé"g O?etg)lt?oduci ng
head for regdi VA . . I G ty Y.
Fecording ey W8,a0 ARiOMS GuRR R ORE ALERARES GO IR £RE, Btg
serving as th S ors and a.plyalit f conducti film terns
serving as PRESWCknabnenathe Powhelt o Seiees, Joe iRemtty' 1ot 6HF Hokes
thick by a thin fjl rocess. . The MR elenent of the reproduci ng head
refers to a° 'fee(iW?F%' MAODR film 113, the first lead layers 116 and
the second lead |ayers 117. The MR film 113 corresponds to a specific
exanpl e of "a magriditocempaiten Jealsgyealeulates ma S walue v theefalloveng| ead

| ayer 116 and the second | ead |ayer 117

36 corr espeqration &) ysing thewefearipfemutions | eadi ng conductive filnt of the

[0084]

S value=C0+=(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.



i nvention. A |ead pattern conprising at least the MR film 113, the first

| ead | ayers 116 and the second | ead |ayers 117, the conductive film
patterns serving as the RLG sensors, and the conductive film patterns
serving as the M sensors correspond to a specific exanple of "a structure

formed on a wafer” of the invention. [ Thin fil m process]
The thin filmprocess for formng the head cores and the like will be
briefly described with reference to FI'G® 10A and |10B and FIG 11.

First, the insulating film 102 nade of an insulating material such as

al um num oxi de is f}gggg%u%%quﬁ or the |ike on t_he substrate 101
nade of , r

(the wafer 14 in exanple, altic, i.e., a conposite
mat eri al containing al.um num oxi de gnd,titani hde en, thes Lirst
shield film111 ndtdBEYG Wé‘ﬁ%’t iO? ﬂbﬁ 2 %‘ﬁgﬁ%gisb‘hg%’% | g{}‘ i‘gﬁwi‘
selectively forped on,the.insulating film 102 by. ttering, for. exanple.
Then, an al (RRARE &8 ri‘ti‘di‘fﬂ%%‘ntnéﬁ Hg cap nﬁ%@%‘% H?%%ae%ﬁ?ﬁ ég‘ on the
first shield film111 by, for exanple, sputéerigglg or ion ., beam sputtering
and then t hwhighydhaubaiyli i cpt | f5pms andsead idepafication, pamber, capaliie 9ty gap
film112 with high insulation is forned. Then, after an MR effect
filmis foridentiffingiherpasition pf Bledbagabin therwaferoldy, for exanpl e,
sputtering, a photoresist pattern is selectively formed on the MR effect
film Preferably, [RheAypiragerefsiMt squmbr eresidtanéen gluainghdptegratipabire hsr
facilitating lift-off, e.g., a T-shaped cross section is forned. After
that, the MAMAVEDt filmis etched by, for exanple, ion mlling using
the average of resistance values of the M sensor in a single bar,
which are measured during integration (during the thin film process).
[38] Range of M sensor resistance during integration in bar
(IMRNG):
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).
[6] 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).



- 37 - the photoresist pattern as a mask, whereby the MR film 113 having a
predeterm ned pl anar shape and size is fornmed. In the sane step as the

st'ep of formng the MR film 113, dummy resistance filmpatterns, which are
to later function as the RLG sensors and the M sensors, are selectively
fqrnmed using, for exanple, the same material as the material of the M
film Then, each of the first Jead layers 116 is selectively
formed on the first shield gap film1l by, for exanple, sputtering using
the photoresist pattern as the nask. Each first lead |ayer 116 is forned

by, for instance, [gPuRekARs of I M HRAC o) Rttt |8 el nterdbih ial | oy

r
and the conductiv de of tantal um Then, the photoresi st

pattern is {] . After that, although not shown in FIG 3A, each of
t he second *%%W%%‘?s 117 made of, for exanple, copper is selectively

formed on the fir shield R f.ilm 112 t@f AN I Efeﬁyp

Then, the second 3&?1%?"(?1'65%%?#?%341%%‘éalf’)%? ﬁggﬂ%n@ e&fnlspis)toi ml%ﬁagap
film2112, the film2113, each of the first, |lead | gyers 116 h of
the second P& Ibélj»e%l Are ﬁn?q'?é‘rg‘irfﬁlrﬁ%% ARbe gtq%g(ﬁw% &é%?&%dﬁ%g’p film
112. After that, the second shield film 115 nade of a magnetic materi al
such as Ni FEI‘Q&‘IBSQ?y or iron nitride is selectively formed on the second

shield gap film2114 by sputtering, for exanple. , After formng the
second shiel d fil ri7l18tandhed vi¢viatigapofi RLGpgensor (R2) resistance during

integration in bar (R2STD):

the value of the standard deviation of resistance values of the RLG
sensor 55 (R2) in a single bar, which are measured during integration
(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 procgss)‘

[10] Average of MR film resistance dui'ing 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).



of an insulating material such as al uminumoxide is fornmed on the second
shield film2115 by sputtering, for exanple. After that, the photoresist 122
- 38 - is selectively formed on the wite gap 121 by using |ithography.
Then, the thin filmcoils 123 are selectively forned on the photoresi st
122 by, for exanple, plating or sputtering. Then, the photoresist 124 is
selectively forned on the photoresis[zégg and the thin filmcoils 123 in
the sane nanner as the photoresist 122% Then, the thin filmcoils 125 are
selectively fornmed on the photoresist 124 in the sane manner as the thin

filmcoils 123. A Fm* , : 9S4 [,S.nS Is arnmed on
t he phot oresi st 132”;1%9 t Ag&t%%ﬁ%?ﬁ%tfg\gﬁ %ﬁ&f‘é&?};\d@ﬁe&gﬁ% 1%1%4%8\}18%8 t he
phot or esi st . After formng the photoresist 126, the wite gap
121 is partllréﬁﬁ/m/le}t{%ﬁg@ whereby the opening 12l1a is fornmed near the

center of the thin,film.,cails.123 apd 125. After that second magnetic
pol e 127 made of heﬁ%@rl CA%?é?rf gfress ﬁna%v‘v\f“ﬁvgﬁ‘%y%?ﬂﬂﬁﬂm fride is
selectively fo d on.the wite ga 21 and the photoresigts 122, 124 and
196 by Sput BERIGAr, Which Qxmensaled dUring TheETARbR WRHAE (hetARI TR ¢ e
second shield film 115 are partially etched by, for exanple, ion mlling
using the s%ﬂ%ﬁ)mgnetic pole 127 as the mask. After that, the overcoat

104 made of al um num oxide is
[12] Average of lead resistance during integration in bar

(LDRAVG):

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

[13] Standard deviation of lead resistance during integration in
bar (LDRSTD):

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 éheet 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



formed on the second nmagnetic pole 127 by sputtering, for exanple.

As descri bed above, as shown in FIG 3A, many thin filmnmagnetic head
cores, each of which includes the reproducing head using the MR el enent
and the magnetic induction type recording head, many RLG sensors and many
M.sensors are formed on the wafer 14. An arrangenent of the RLG sensors
and the Msensor in the bar will be described in detail

39 - with reference to FIG 7 to be di¥cussed |ater. In the
enbodi nent, in the above-nentioned thin film process, various types of

waf er informv(?{e previ ously obtained (step SO . Specifically,
I mredi ately after Torming the MR film 113, the resistance filmpatterns to

uncton @5 e " SEBaRk R hACRGAERO eCTE findla o B, 2,
{ims are pROHORS SAIFEAGH BHiaR HEa AHER JORREBENY SRR BOP BREPRF st | ead
| ayers 116 and th cond | ead |ayers_117, the, probe_ of the neasuri.ng
apparatus is br ougﬁleﬁﬁlﬁiaé’ grﬁ‘%(é%tl% pfivirkeal; registange during AntegaaHgRe fir st
| ead | ayers 116 and the second | ead | ayers 117 so that the resistance val ue
and the |ikbanfSYRSTDdad pattern are previously measured. Details of the
waf er information obtained by the nmeasurenment will be described | ater.
Step SO of obt ai nithg stimedaval deviatibnofwirtaal cesistaspeofithe MB fdpedilBiin

a single bar, which are calculated during integration (during the thin film

process).

A method of calculating lead resistance RL of a single MR element

during integration and virtual resistance RSV (=C+RSHXW1) 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.



exanple of "a step of obtaining substrate information” of the invention.
The arrangenent of the MR film 113, the RLG sensors and the M sensor on
the wafer 14 will be descri bed. FIG 7 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 respective planar shapes thereof.
Before cutting the bar 1 from the wafer, 14, the wafer 14 includes a
plurality of sets of arrangenent patterns shown in FIG 7. In FIG 7, only
the MR film 113 of the head core is shown, while the first |ead | ayers

116, the second Iq@ﬂ;gﬁy@/ﬂly@SHRQNlﬁHpt her fil( are not shown.
- 40 - As shown in FIG 7, a plurality of MRfilns 113-1, 113 2,

113-3, are arranm%@/ﬁzm}?grwé)/ bong a | ongg)t udi nal direction of
f A

the bar 1. The first sensor 54 is |located between the MR filns 113-1
and 113-2, the s | ocat ed be en the MRfilnms 113-2
and 113 3, and t%ﬂ%&%@%ﬁ?@% he M senggﬂr3 59 anq the |ike are
The patterns of |t HE RRGVBCHUGID 2 ASSHATIIE WA diCa i e org, o
different dinensions, A plurality, of sets of_ these, gensors is. fo d on a
si ngl e bar &ubsﬂf@t?%éli!f@c‘tqqﬁéw@&gé% t@)f(i}» W@WintSﬁgoﬁﬁmﬁg, quaiggnzs,'{ 3- 3,

and the RLG sensors 54, 55 and_56, opgosi te to a cut
to (4a) are obtained. It should be noted that a denotes a smaller constant

than H1 and, for example, a=10.

R1=RL+(C/HD+RSHXW1)/H1 (2a

R2=RL+C/(H1-a)+(RSHXW1/(H1-a) (3a)

R3=RL+C/(H1-a+RSHX (W1+a)/(H1-a)  (4a)

Therefore, the lead resistance RL during integration and the
virtual resistance RSV (=C+RSH XW1) 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 is 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)



surface la are adapted to match a virtual line 57 parallel to the cut
surface la. The cut surface la is a surface which is to be finally the air
bearing surface by being polished by the RLG worki ng nachi ne 8.

In the enbodi nent, the first RLG sensor 54 has a width WL of 20 [err] and
a height HL of 20 [err] The second RLG sensor 55 has a wdth W of 20
[err] and a height H2 of 10 [err] The thjrd RLG sensor 56 has a width W3
of 30 [err] and a height H3 of 10 p[efﬂPL The M sensor 59 has a width W

of 1.0 [err] and a height H4 of 5.5 [err] The conputer 9 wites

neasur ed val ues, whi ch;ggégzggg&tmm@@ﬁgwsmgwggg?Ot he waf €f5)14 bef ore

being cut, into the ne as waf er or mat1 on re polishing. Mre
specifically, firsiy inmn:a.state_ in . whi t he I - 13- 3,
the RLG sensors Séﬁ%rSQthig ,e{nf?é’dupgﬁﬁq&gtctog}%t% War%%%ﬁeegd%@g%ers 116

and the secend | ead | Sxel %) e 2o e bS.858 1S i B Wl ot4 1o

- 41 - (not shown) is brought into cgontacf w_.th each appropriate portion

of the waf&iorage &bof thg memary s {Sﬁib 16‘P%&/§Féﬁ° i nformati on shown in FIG 8

are nmeasured. Then, the conputer 9 causes the nenory 13 to store the

obt ai ned waf er i nfidrnéitvadue may be previpwslycertguladed Hyansing @anycemapBieran s

value fromthe followi ng equation (1) using the wafer information:
independently of polishing (i.e., in offline state), as well as by using the

computer 9 for use in polishing as described above. In either case, the S
value has only to be calculated before starting polishing.

Returning to FIGs. 3B to 8D, 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



[ 0084]
V\,t]aere i=1to 17, Si denotes wafer information in a variable list shown in
FI'G 8 to be discussed later, and C denotes weighting coefficients

coefficient
t ypes of wafer

S value=Q0+[err] (G X Si) (1) [ 0085]

in a

list shown in FIG 9 to be discussed later. FIG 8 shows the

(or before starting polishing) and the types of ongoing work informat
measured in a working step to be descri4¥ed later, in conjunction with
vari abl e names. FIG 9 shows an exanple of coefficient values, which are

previ ously
correspondi

%aﬂgﬂa@d by a statistical scheme based on enpirical facts,
ari ables (various types of wafer information and

I nformati on neasured in the thin film process of the wafer

i on

i nformati on duri ng,wor Ki 2?%2)? F’”gﬁ-f‘%ﬁhﬁgﬁ%ﬂﬁ@g{tﬁgFb?ﬁ;@{%g@?ﬁ'%%i S can

be used as the stz @8
variable is

FIG 8 will
descri bed,
- 42 -

anc

or ‘each

REGF Guking smachinead: a9 thatnibe 1 opErng PUAERS oh YIS be

and the informatjon guringlworki ng will be described later.

polishipgthegpt surfpes of

1 cut fromthe wafer 14, which

As shown in FIG. 4B, in a step of polishing the bar 1, the computer
9 measures the resistance values of the RLG sensors 54, 55 and 56 and the
resistance value of the M sensor 59 after every elapse of a predetermined
time interval (e.g., 5 sec to 10 sec) (YES in step S2 in FIG. 5) (step S3).
Specifically, the RLG sensor resistance measuring instrument 6 brings a
probe 20 into contact with the RLG sensors 54, 55 and 56 and measures the
resistance values thereof, while the M 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

a uni que nunber of the bar



cont a{i ns an identification nunber capable of identifying the wafer 14
whi ch the bar 1 is cut from and an identification nunber capabl e of

identifying the position of the bar 1 in the wafer 14. [ 2] Average
of M sensor resistance during integration in bar (IMVG: t he
awer age of resistance values of the Msensor in a single bar, which are
measured during integration (during the thin film process). [ 3]

Range of M sensor resistance during i ﬁt‘@g’r ation in bar (I MRNG:

the range of distribution (a difference between a maxi rumvalue and a

m ni num val f ' : I | I-nal whi ch
o moasur o inoh i EARaEn Bl il Rl 1Rk fnR oSk o o

[41 Averagesgf: RLG sensor (Rl) resistance during integration in bar

(RLAVG) : t he average of resistance values of the RLG sensor 54
(R1) in a singlegbar,. whi ~& nmeasured duygi ng integration (during the
thin film proces Yallue\ﬂlgkﬁ{k%ﬁ%] St andar d g@w ation of RLG sensor (Rl)

resistance during .integration in par (RLSTD): . . t he val ue of the
standard devi ati oV ¥erksdi & agmc]lél ngtes grormatipn gludpgswering mthen a

single bar, which are nmeasured during integration (during the thin film
process). variable list shown in FIG. 8, and Dj takes on values in the coefficient list

shown in FIG. 9. The ongoing-work-information shown in FIG. 8 will be
described.

[1] Average of MR heights during polishing in bar FMRHAVG):

the average of a plurality of MR heights in a single bar, which are
calculated 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 bar, which are measured by the RLG sensor resistance measuring
Instrument 6 in the polishing step.

[8] Average of virtual resistance RSV during polishing in bar
(FMAV®):

the average of a plurality of virtual resistance values RSV in a
single bar, which are calculated by equation (6) in the polishing step.

Assuming that the coefficient Dj takes on values shown in FIG. 9,
equation (8) is expressed as the following equation (8a). The computer 9
calculates a K value using equation (8a).

K value=(5.660 X FMRHAVG)+(0.114 X FRLGAVG)

+(0.212X FMAVG) (8a)



- 43 - [ 6] Average of RLG sensor (R2) resistance during

integration in bar (RZAVG): t he average of resistance val ues of
the RLG sensor 55 (R2) in a single bar, which are neasured during
integration (during the thin film process). [7] Standard

devi ation of RLG sensor (R2) resistance during integration in bar (R2STD):
t he val ue of the standard deviation of resistance values of the RLG sensor
55 (R2) in a single bar, which are med9%ed during integration (during the
thin filmprocess). [ 8] Average of RLG sensor (R3) resistance

during integrati oq‘slgeﬁlgo 8&?’%\3‘%@)3 (éaptures thgggrgavlm%agﬁ fthéeé'%lﬁgce

val ues of the RLG rreasur

duri i nt t d d
dEL! 2?: on ofoRHES TLREdhe CRaore dPFieR %ﬁduﬁ‘ %ﬁ%tcggwma ﬁdq% RISTD)
t f th d G

I U L S 108 Gl A B S,
thin filmprocess). ElO] Ayerage of MR filmresistance during

i nt egr at i onMEresastance petimaty (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



t he average of resistance values of the MRfilm 113 in a single bar, which
ate measured during integration (during the thin film process).

44 - [ 11] Standard deviation of MR fil mresistance during
integration in bar (I VMRRSTD): t he standard devi ati on of

resi stance values of the MRfilm113 in a single bar, which are neasured
during integration (during the thin film process). [12] Average
of | ead resistance during integration'ﬁﬂ'bar (LDRAVG) : t he
average of resistance values of the |ead pattern in a single bar, which
are nmeasured durj.ng i Rptiegration (during the thin film process).

[131 Standd%ﬁgﬂaéfgf?gﬂ of |ead resistgnce during integration)in bar

(LDRSTD) : e andar.d.devi atj on of, resistance val ves . t he | ead
pﬁ_t t e][ _nI ina si n&ilgéb&%* %‘?3%351190%%13%5?%1{}’5 8%????&“??\1?‘38?8? irgsﬁg{adiﬁ?i ng the
thin film proces 14] Avera f sheet rgsistance duri

i ntegrati on"iilﬁeﬁé’?)MBS?Jr@@PM _mgny magngglpﬂ@%épgﬁgfag*u ﬁgf@f uﬂigl g? ance
of the MRfilm11l3 in a single har, which are maasur,eq'l dL(iri ng d'int egrati on
(during t hemebhod and Anpapparasys for manufacturing a magnetic head according t

the embodiment. FIGs. 13A and 18B 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



[ 15] Standard devi ation of sheet resistance during integration in bar
(Sheet RSTD) : the standard devi ati on of sheet resistance of the MR
film 113 in a single bar, which are neasured during integration (during
the thin film process). [ 16] Average of virtual resistance during
I ntegration in bar 45

( SVRAVG) : t he average of vi rt_%%ln_ resistance of the MR film11l3 in
a single bar, which are cal culated du g integration (during the thin
filmprocess). [17] Standard devi ation of virtual resistance

duri . : : S : ' L ¢

Virtual rea SPanls B anaiage YR tp rosistance vhlRs SRR Ss KE AR kA0 ©

cal cul at ed &gmigg% H&;ﬁi roﬁghgf%o@' Si(pg,?%e thin film process). A
X . .

met hod of calcu I'ng T'ead resSistancé of a single MR elenent during
integration and vigtual resistance RSV, (=C+R of | 39 MR el ement
during integratio Iﬁf}fq O%r&@é@r f‘b&l&? reé‘g?eg @iM'WﬁZ’&i@Pﬁﬁce and
represents the degree of difficulty of the pass f cutrent . resulting
from the. cdHiCEAtes gn e RReREh resiatanse YRRR O thn Does AbbRmeAdORAt | | m

113 and the fiyst |lead layer 116 (i.e., a type of contact resistance).
single wafer 1s 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. Consequenﬂy, as a whole, the range of distribution is also wide
as shown in FIG. 13A. In an example shown in FIG. 13A, 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 varnation in the MR
resistance value can be reduced.

In other words, according to the embodiment, the timing of



RSH represents sheet resistance and is given by resistivity p/film
thickness t. The nmethod of calculating the |ead 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 Rl, R2 and R3, respectively, that the

resi stance value of the lead pattern (the first lead |ayers 116 and the
second lead layers 117) is indicated B 'RL and that the sheet resistance
of the MRfilm113 is indicated by RSH the follow ng equations (2) to (4)

flolélg iats ar €t3PF) rf 115(}%;%% Ed(eg’gg‘gs?e\%l)n/ ?_?fsideration %fsz)llso various types of
PR i gon wil St (R S AR k<
Lo (4n) ar lGBRmARY 1 oAt Bubdited hare salenor M Baff BBt e, (o)

than HlL and, faor exanple, a=10. =RL+(C/ H ) +(RSH X H

(2a stapging paty g.a)']“.l(mgﬁmympmre%)to thg (1@% ed( ar 'in W\i\‘lzig}/l the

R3=RL+C/ (HL- a) +RSH X f(V\1+a / (Hl-a) (4a) , .
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



Therefore, the |l ead resistance RL during integration and the virtual

resi stance RSV (=C+RSH X WL) during integration expressed by the follow ng
equations (5) and (6), respectively, are obtained by solving the above

si mul t aneous equations with three unknowns. RL=R1+(Hl-a) X
(R1-R2)/ a (5) RSV=-Hl1 X (Hl-a) X (R1-R2)/a (6)

A set of RL and RSV is obtained for a@g set of RLG sensors 54, 55 and 56.
Variables Si shown in FIG 8 and coeffitients G shown in FIG 9 are
substituted into the above equation (1), whereby the foll ow ng equation

(1') _i s obpaiisfthe K value (e.2, ¥itd N héBHIB6 AntOdRReBMMOME résikpRnddVAVE)
+( 1. 764* | MRNG) +( 6. 029* RLAVE) +( - 2. 435* STD)

+gf 5 134* R2Ytalatt Im Ay }g%ﬁg%eet Bnbi % W&f o e)ettgeé_llg)value Wlth?Tta)

After all he conputer 9 obtains the S value by using
equati on (idn;'j“ﬂhcheiitcausesgﬁ%’ﬂgt value to be stored in the S value storage

o evi ousl y. cal cul T 44 bimg nanyﬂ‘z}m%wsglesmae%%a@m o8 381 8 ng
(i.e..in ggt&s‘t?c%l Ssgl?én?()a foragalgﬁ}latmg the coe?fllaentsh& 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.



conpuier 9 for use in polishing as described above. In either case, the S

val ue has only to be cal cul ated before starting polishing.
Returning to FIGs. 3B to 3D, the description will be given.

shown in FIG 3B, the wafer 14 is cut into nany rectangular bars
predet ermi ned di nensions. Each bar 1 is adapted to include the ar
of a plurality (a plurality of sets) of MR filnms, RLG sensors and
| i ke. The wafer 14 is cut by a dividi n'g5§)attern shown in FIG 6,

exanpl e.

In an exanple shown in FIG 6, 104 bars 1 are cut froma

As
1 having
r angenment
t he
for
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for exanple,

and 5 S rs.. Then,, as sho in FIG. 3C, the bar
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Sensors,

to be the air hearing gurfac
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bar 1 is cut fromand the position occupied by the bar 1 in the wafer

Then, as shusing themoeffickmtstasavelhr code 3 attached to the jig 2 is

the bar code reader 4, whereby the nunber of the bar 1 is
- 48 - identifiedn the above-mbetionab esodimient,Ftke description) hgs Deeal di ng

the bar 1 i

s set on the
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 thié 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

upwar.d. ed is the jig whi ch has the bar
¥ {bep@éfﬂéfl WeIgRAIgh t he

14.

read by



RLG wor ki ng machine 8 so that the RLG working machine 8 starts polishing
the cut surface of the bar 1. As shown in FIG 4B, in a step of
polishing the bar 1, the conputer 9 nmeasures the resistance val ues of the
RLG sensors 54, 55 and 56 and the resistance value of the M sensor 59
aft er every elapse of a predetermned tine interval (e.g., 5 sec to 10
see) (YES in step S2 in FIG 5) (step S3). Specifically, the RLG sensor
resi stance neasuring instrunent 6 bring®a probe 20 into contact with the
RLG sensors 54, 55 and 56 and neasures the resistance val ues thereof,
while the regl n ri F NSt t.J7 |k anpr 21
I nto cont acl\ﬂtrﬁ%&?tﬁd'etr hg)?M%ggnggﬂr’g@@&gn ne%%ﬁré}séﬁ e eé)[:”dsa ancebgalcegg
t hereof . The gopput.er ;9 al sa.cal cul ates an VR hei ght HVR. b My he
ol | ovi ng ARSaBTapand” oBeFerifhe St el "y bElE . ARkl BRY Fhb AL
sensors 54, 55 and 56,..t.he asur e resjstance,. f the l.ead t{ern and
the al readywﬁ’&hgmge‘boeﬁ?l?ﬁﬁqlngbqaé%‘?‘gfmﬁhﬁé@ %F‘?h A Pt’foéﬁ?sé?g’oﬁg‘gé he
waf er i nformation. ) HVR=RSVY/ (Rl - RL) :§+§SH X WL/ ( R1|-4RL) (7)
Then, the ceftpnRtad gresishamceruvalugets i ealeptatedishpciuging the Hirste Xalhenent
paranmeters fromthe operation coefficient table 12 previously created by
nul ti pl e reBelashingrofathel har dés eontraledrsasthasnihet egfamated asesistangei vajue
polishing. Furthernore, the conputer 9 perforns weighting by the follow ng
equat i on ( 8eachémthe sargdteresistputecvalienulhigdition ttoethecabloveumentioapdi ci ent s
by the val ues of the neasurenent paraneters and adds the

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 wusing the

ongoing-work-information and the weighting coefficients obtained through



- 49°- results of nultiplication to one another, thereby calculating a K
value (step $4): K value=[err] (D X Kj) (8)

where j=1 to 3, Kj denotes information during working in the variable |ist
shown in FIG 8, and Dj takes on values in the coefficient list shown in
FI,G. 9. The ongoi ng-work information shown in FIG 8 wll be described.

[1] Average of MR heights during polishing in bar (FMRHAVG) : t he
average of a plurality of MR heights i'®7a single bar, which are calcul ated
by equation (7) in the polishing step. [ 2] Average of RLG sensor

i i I shi o b E S . f
oSt stance (riaRRell SHLIGAR DO (TR cimarad rshRABIAOREOT
RGN LENICE I T et S

polishing in bar . (FVAVG : erage of a.p

) . t he ay lurality of.virtual
resi st ance @ (pséingaded; gest tf’é}qﬁigl"éhkf’arljeaah?%ht réaﬁ%qtcﬁ’fa%hs{?cp%y valifat i on
(6) in the 'EOl i shing step. . Assumi_ng that the coefficient D takes
on val ues sFberefore, Arleved is e effedrof eablingeontselsefgpelishing opimizgdng
equation (8a). The conputer 9 calculates a K value using equation (8a).
based on statistical or empirical facts after starting polishing.
According to a method for manufacturing a magnetic head or an
apparatus for manufacturing a magnetic head of the invention, the
magnetic head is manufactured 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 control 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. It is therefore to

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

may be practiced otherwise than as specifically described.



K val ue=(5.660 X FMRHAVG) +( 0. 114 X FRLGAVG +(0.212 X
FVAVG) (8a) -50 -
Then, the conputer 9 captures the S value fromthe S value storage 11 of
the nenory 13 (step S5). Then, the conputer 9 adds the S value to the K
val ue calculated fromequation (8a), thereby cal culLating an—MR-resi-stance
estimate (step S6). Furtherm_)g?%, the conputer ar es

i 9 co th
cal culated MR resistance estimate to predet erm nec{l limwl@l lmﬁ IE Rt h
(a target resistance value). Wien the MR resistance kel S | to
or nore th@gll Upéac]lt%mggqg d value Rth (YES in step S7), the conputer 9
stops the &wor I'ng machine 8 from polishing (step S8). Wen the MR
resi stance estinmate is less than the threshold value Rth (NOin step S7),

the conputer 9 returns to step S2 and causes the RLG working nachine 8 to

ti i shing, th . ' : . .
:é"é‘?hi‘ziﬁgﬁgf ‘o Q‘isptﬁ%ﬁﬁ%ﬁxgiféﬂ%?%ﬂ%#éﬁzlﬂ%&ﬁ%?ﬂé?%ﬁﬁﬁ%?“?%eh?xﬁ%nﬂ‘onf' °
n . i ] . ;

oni tar | ng EPEREL seRiE: 1o chaBgim ke it TharalE At pond o LY g

exanple. That is, the S,(\é?l e is captured only once at the tine
starting pot¥temalgnagnelichield, GempYIsfigsred in, for exanpl e, DRAM ( Dynani ¢

Random Access Menory) or the like in the conmputer 9, and th% %v lue is
a  film forming step of selectively forming a east 8

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,



read out at every nonitoring cycle so that the S value is used to cal cul ate
the MR resistance estimate as-described above, Then, as shown in
FIG 4C the bar 1, Whl ch hasmi ni shed wundergoing the polishing step, is

cut into separt m H sliders 15 wth predeterm ned di nmensions
by a dicing st e [Distribution of resistance val ues
of MR filnms of manifactured - 59 - . - 51

- magneti c heads] FI Gs. 12A a%d 12B show the result of
measur enent of resistance values of MR elenents of many nagnetic heads

manuf act ured by usihdgeinn thetgudidhans s36p aRRAllatdds thed lestidiutbdCidsidtatica
magneti ¢ head according to the enbodinent. FIGs. 13A and 13B show t he

resul t of RBASALGRAhe A leAstSiR! ﬁfs%a\laé 488 At PoBERMeSofOfhe AW sdrBYNEL i C
heads manufactured by using a nethod and an apparatus for manufacturing a

h f
i orri buti o Pl pbERatdl BEtaRts valte facke MR e Bl Pl SRR 00

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 o MR reﬁ,ésé‘% ce vat&? s .of MR fi 5@ obt aj ned from. each bar.
In FIGs. 12B and 13ém€’ rJngpu FE%&“W SAFRSANICER Agaording
(transitio? ?f' (fach bar, and the axis of ordinates represents an average
MR resi st arf@&lamm

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



val ue of each bar. As is clear fromFI G 12B, according to the
manuf acturing method and apparatus of the enbodinment, in, for exanple, a
group WA of average MR resistance values of the Wrom a
single wafer, a range of variation in the average MR resistance val ues of

the bars is as narrow as about 1.2 [err]. Even ml}ﬂ']ﬂ”ﬂ"
exhi biting the w dest range of wvari até(g the ran Emm!ﬂ” '{\SA about
3 [err] or less. The average MR resistance val ue of ehcht waf ef | s
substantially fixed and exhibits a very narrow range of variation.

Consequent ge of distribution is also narrow as
. éttei‘!; Rﬁ‘ac}@n% Ehe Eﬁﬁst s

shown in F an exarrp e Shown in

%\mgzt he F'sfanéﬁfa‘vbgﬁe.@tv?%eﬁgﬁherefaef gt G S8 SBolf 3y el ner 3
FI G
aver age r cSAPLEE ifined BREmbch ke o e It RPSnive s B | © oo

wi de as abo gﬁr} éerr at th rmm The rage MR resistance val ue of
each waf er 05 pai resigtagcs yatumh remp@pcet fEeryari ati on.
Consequently, as a whole, the range of distribution is also wide as shown
in FIG 13A. In an exanple shown in FIG 13A, the average of all the

resi stance values was 44.2 [err], and the standard devi ation thereof was
1.22 [err]. 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.



As descri bed above, according to the nmethod of manufacturing a nagnetic
head of the enbodi nent, various types of factors in a wafer stage which
may have an influence on the Tesistance value of the final MRfilm are

expressed as i | the statistical schene before starting
poal i shi ng, ar{ lmi m’gm f factors in a polishing stage which nmay have
an i nfluence on tcheiresi s e value of the final MR filmare expressed as

the K val ue using the statistical scherfd -at regular intervals during the
polishing step. Fromthe two values, the MR resistance estimate during the

| i shi ' I . | i shi .wh h
PR 1 oci stance estimroniahin & Hab TR bne 8 i denticotr e dioerbotbinlc ) "
the MR resistance v?l Lé of the manufactured magnetic head can fall wthin

foodetr n Tyet

a target ayp F EPBRYISME, and variation in the MR resistance
val ue can be reduced, I.n ot her mordf, according to the enbodi nent,
the timng of a step of calculating a second value constitutingsa partg ebbeENg

polishing is determ ned in consideration of also various types of data
(waf er i nf orstirpained) regtstanceayalug hyasuhierting thecongoveg wesh-inframytioneteaent s
and the like are integrated on the wafer or at the tine before starting
pol i shi ng. Piedetdrorived capepation vsing valnes grevioasly subjebiedhtd Istatisticatnsi ons
of the elenents are tracking-controlled while the MR height is only

moni t or ed, prveessiigds mmightiag coeffivieatd, act ors of variati on which have

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



been al ready produced during integration of the elenents on the wafer, and
consequently the enbodi nent can nake the MR resistance val ues of the
wafers and the bars uniform Moreover, an absolute value of each MR
resistance hardly falls outside an appropriate range of nunerical val ues.
Therefore, a yield of a product can be greatly inproved. Accordi ng
to the enbodi nent, both of the S value and the K val ue’mmﬁﬂ,ﬂ'm ”

based on the statistical scheme. Therdiore, optimum ld lﬂnm ,hi ng
based on enpirical facts can be performed. As a result,” thetenbodi ment is
still nore Egél& i5ve in making the MR resistance values uniform and naking
t he absol ute val'ue’of the MR resistance appropri ate. Al t hough the
i nvention has been . described.above by referyi t SO nbodi.jpents, the

i nvention is not IMHREHY tgﬁ ﬁﬁ@sé’r@ﬁﬁﬁo&ﬁ@nﬁ’ﬁgﬂd%w {%uﬁeaﬁgcﬁl €afti ons of
the invention are possible. FQr exanple, in the _above-nent|oned

enbodi nent sleagHg NrEongyLEYenc IBstF?rat}éeiseqé%lr’&ﬁuXt eﬁon%‘it?é b htBe the S
value and the K value, but_the invention is not |linmted _to these

enbodi nent smagsetq-sensifive, layee MR atslegstarane aesistance filyn ppattem clarated in
consideration of only the S value. Alternatively, the MR resistance

esti mat e nefunstioning a$ atdedning, avdsi deration of the S value and a

54 - part of the Kvalue (e.g., the MR height). Alternatively, the MR

resi stance estindhe substizte calfowhaticed obbaining isdep atbtamsothombsistdreeK val ue
wi t hout

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



consi deration of the S val ue. In the enbodi ment, nultiple
regression analysis is used as the statistical schene for calculating the
coefficients G and OO in equations (1) and (8). However, a schene ot her

than nul ti pl jmum&"mnmm,ysu s may be used. In the
above- nment i ongAitg | Blhe description has been given with regard to
an exanpl e in which tht Waf & of about inches thick is used. However, a

| arge wafer of 6 inches or nore thick Bay be used. |In this case, because
of limts by an existing exposure systemfor a wafer of about 3 inches to
5 inches thick ' hy or the like, as an exanple is shown in
FIG 14, a%géﬁagaﬁ%gbh%ggg%ﬁ&be divided into a plurality of rectangul ar
blocks A, B, C, ..., F so that bars are cut fromeach block. Preferably,
position information indicating which block and which part of the bl ock
each bar cut fromghe,l arge fer 16,is cut from ..inforpati i.ndi cating a
difference i n expbéur 186&’(9‘11%5%3‘%&%6?’&?%%%35&%? liaﬁgaf"?’rp]?%%mgﬁre °
wafer, and the |ike are used as variables for_use in equations for
cal cul at i ngnagretpRensibivet lasew changingiin electrical resigtane an rosponse 1941 abl e
for use in equations for calculating the MR resistance estimate, in
addi ti on t extérmalveagngéicdiadd scomprasisigdevi ati on of neasured val ues shown in
FIG 8, statistical information such as a rmaximum value, a m ni num val ue,
a nedi an val ue oraa filmdalfosaing: efept hef mekstively viirogag oat t lemski ke may be
consi dered as anot her vari abl e.

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,



- 55 -  When such variables are considered, the degree of contribution of
the variables to the MR resistance val ue can be previousl ]
wei ghting coefficients by the statistical schene so as to perform wei ghting

using the coefficients as well. I n the above mREE HWCH mﬂ Hent,
t ke description has been given with regard to an exanmu"mm H“re
polishing is controlled for each bar, quwever, pol i shirfg fay* be* cdnt ol | ed
for each head slider obtained froma gl ngle bar. In this case, the S val ue
and the K value can be calculated for each individual head slider.

In the embodi ment wiR,sRIREEOHERsERMEY 3t&] CSBBIng A dMafersih? vdlaenefig head
has been descri bed as an exanpl e. wever, the invention 1is also

appl i cabl e Qdé‘tegﬁﬂ{l&}]oﬂo‘%ﬂoﬁt bt %h?' ﬁggﬂétotébrnsit%‘f‘e 18y 420ohOtHR HYReSiets
detection devices such as an accel erafl on sensor or" a geonmagnetic sensor
and manuf act uy.in f_such a detection device. As descri bed above,
accordi ng Y ﬁgyﬁ%ﬁéfor manuf acturing a magnetic transducer or an
apparatus for nmanuf,acturi a magnetic . t.ransducer of. the inventi
pol i shing of each B%reR r%ﬁ??ﬁ%“gﬁgépﬁgpgﬁ?gl‘?Bﬁ?PﬁlEg@ B@@@ﬂggﬁ t he
substrate informatj.on sp that the magneto-sensitive |ayer included in the
bar has théﬁﬁﬁgggt PR Y3U§et resi stance value. Therefore, achieved is
an effect of making it possible to control polishing in consideration of
facts that have already existed before starting polishing.

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;



Nbre‘particul arly, according to the nethod for manufacturing a mnagnetic
tyansducer or the apparatus for manufacturing a nmagnetic
- 56 - transducer of the invention, the first val ue s obtatned—-by—the

predeterm ned operation using the substrate infornat iy e weighting
coefficients obtained through the statistical proces4mlmﬂgﬂﬂﬁ H"
estimated resistance value is cal culated by using thex L !

Pol ishing of the bar is controlled so ®hat " the estimated resistance’val ue
reaches the target resistance value. In addition to the above-nentioned

ef fect, ana%hf ect of enabling control of polishing optimzed based on
statisticalor enpirical facts is therefore achieved. Mor e

particularly, accordi,ng to the neth for, manuf act urq. '
transducer or theP% gtcﬁgérpgp%i’ﬁ 58?{5?@8’%%@?}&%}&82 @%%%e(ear of the
I nvention, the ongoi rk infogrmation about fhe bar under. .poliishing is
al so obt ai 98dat ge@(gt ﬁggi%\ﬁﬂ?@t%ﬁn reation ?%%%%h%maﬂetﬁﬁﬁﬁt&ﬁ 1888 of the
i nformation during working and the substrate informatiop so that the
magnet o- seABeludod In she par has aqugdetermined iargpheigfance valis: er ni ned t ar get
resi stance value. Therefore, achieved is an effect of naking it possible
to control polishing in consideration of facts appearing after starting

polishing, as well as facts that have already existed before starting
pol i shi ng. 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



Accor di ng to anot her nethod for manufacturing a magnetic transducer or
anot her apparatus for manufacturing a magnetic transducer of the
i nvention, the‘dl‘rs*hrﬁg step—i-ael udes: obtaining the ongoing work

i nformation abo wor ki ng; cal cul ating the second val ue
by the pr ede Hm ”%U ion using the ongoi ng-work-information
and the weighti ng coe bt ai ned through

57 the statistical processing; and caf@ul ating the estimated resistance
val ue by u5|ng at | east the second value and controlling polishing of the
bar so that esti.mat ed resi stance val ue reaches the target resistance
val ue. Thé?%g Seﬂ‘?}h’l 33%16# s an effect of enabling control of polishing
optim zed based on statistical or enpirical facts after starting

pol i shi ng. According to a nethod for manufacturing a nagnetic head
or an apparatus for manufacturi n%ga magngl c .head of the. invent on, the

magnetic head is h&nufditt3pRATabNs JoF npannEAchRYINGar Braghehisr xansduse?

magneti c transducer or the apparatus for manufacturing a nagnetic
t ransducer aotordimg toeleimildn. Therefore, achieved is an effect of
manuf acturing the magnetic head through control of polishing perfornmed in
consi derati on of Wwhetaint tiet shbsteat®l infarinationselddiniagomeans apbtamg the i shi ng.
Qovi ously many nodifications and variations of the present invention are
possi bl e i FesisEardeghfluebf hhicazbeithet adehdingsconiductise tfiler foirnred dooas 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



be understood that within the scope of the appended cl ains the invention

may be practiced otherwi se than as specifically descri bed.w
is clainmed is: 1. A nethod for manufacturing a e
transducer having a nagneto-sensitive |ayer changing in elnﬁmuwn,””m
resistance in response to an external magnetic field, conpr+sicigy i”m
afilmforming step of selectively forning at |east a magneto-sensifive *

| ayer on a predeterm ned substrate; - a substrate information
obtaining step of obtaining information about at |east either the

substrate o a _structure.i.ncludi ng at,least ihe net o-sensitive layer
formed on tﬂ"(? n358p RpEst eslﬁ%estt E%ts bi’#%‘rgngﬁ 8“%%%0?@’8‘6‘? R tﬁ’g'f1

a cutting steg of cutting the base into a pluraljty of bars each .including
¢ Veast "t rerehlatatived aibrefion vape,velng provioasly Yubigeted.fh Sfdatisslor
polishing the bars , whegein the Ig;ol I shing step cc‘)ft ral s polishing

of the bar PEPSessing as weighting rcpelliciantsr selsulates that ¢drmated negistance

magnet o-sensitive layer_ included in the bar has a predetermned target
resi st ance valngdy 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,



2. A nethod for manufacturing a magnetic transducer according to claiml,
further conpri sing: a step of calculating a first value
constituting a part of a potential estinated resistance value of—the

magnet o-sensitive | ayer by subjecting the substy to a

pr edet er mi ned operation using values previ ousl ,ﬂﬂﬂj"" im’m“ﬂi}at I stical
processi ng as wei ghting coefficients,
- 59- wherein the polishing s@%p cal cul at es the estl rrat ed

resi stance value by using at |east the first value and controls polishing

of the bar so thgheldy AR} bAR ﬁﬁoﬁﬁéﬁéﬁ%@ﬁé‘alﬁé'dﬁa BREESE [bAS Lighaet

resi stance val ue. manuf act ur i ng a magnet I C

transducer (gCopghingy ! o g%  Lyalue or s mer@ﬁ&tw@e sybe

i nf or rratlon obt ai ni ng S ns a eas era resi ance va ue or

sheet resistance val ue sen made t

Substrat e SHARRGrARRHFiElavaF AT £0¢ sRiETER rinttal 1SR chUff dfothey e
containing a crowdin re | st ance conponent as wel |, wher eby t he
substrate MRARRIEEPBIYEHE% s data about at |east either the obtained
resi stance val ue or sheet resistance value of the nagneto-sensitive |ayer
or the obtained virtual resistance value of the

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,



magnet o-sensitive | ayer. 4. A nmethod for manufacturing a
magneti ¢ transducer according to claimi1l, wherein the film
formng step further forns at least either a l|eading conductive film to
be electric the magneto-sensitive |ayer or at |east
one resi stangmm["mf.ﬂ Hrﬂ"l functioning as a dumy, and t he
substrate infornmatien lobtsal ning step obtains the resistance value of at

| east either the | eading conductive fi Pfhor the resistance film

pattern nmade on the substrate, whereby the substrate information

contains_data aboyatisl 4ol DSkt U1 AEthEEShALANGCalAlIS,PT the

Ieadlng conducti ve |ne fesistance va reS|stance

fil tt f.act

{ranshucer e PR REedssrRind Pt or (Bb REHBSEHE 151K %ﬁ%ﬁgbep
further obtains infor n about the nder workin

oggm ng- wor kI i nf BWM% gﬁdo%ﬁ?z’Pg'B‘foékﬁBﬁlggﬁtﬁﬁl Gpntams < ‘Gata 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



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 predeterm ned target resistance val ue. 6. A nethod for
manuf acturing a magnetic transducer according to claim5, further
conpri si ng: a step of calculating a first val ue-coensti+tuting a

part of a potential estimated resistance value of the tos sitive
| ayer by subjecting the substrate infbfmation to a prqu&gr»ﬂgi ﬂ tumll on
usi ng values previously subjected to statistical proces g

coeffici enhgoording to clainifd@r € N the polishing step calculates the esti mat ed
resi stance value by using both of the first value and the

i na-wor k- nf i | i shing.of .t . pi t hat
Che esti mt od ey pieis the BARSERE ERFIRRRLAT YIS p Uil VR ' "
(ur ther condrtiofRMih8E paclibd ¢ sFR B EnSto {aBve, Fvs St She e water © ™

constitutin part of the estimated resistance value by subjecting the

ongoi ng- wo ¥ €or mation to a predet er mi ned operation using val ues

previously subjected to statistjcal _processing as weighting coefficients,
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.



wherein the polishing step calculates the estinmated resistance value by
usi ng both of—the—+fi+rst val ue and the second val ue and controls
of the bar

t ransducer

pol i shi ng

SO likwde the,.esti mat ed resi stance val ue reaches the target
resi stance valu ,ur" ”ﬂ”“m A nmet hod for manufacturing a magnetic
accof dieng’, 1 5 wherein the substrate

i nformation obtaining step oBtains at |egast either a resistance value or

sheet resistance value of the magneto-séensitive |ayer made on the
substrate or a virtual resistance value of the magneto-sensitive |ayer

containing a crowdglg | HB% X : .ehy the
substrate | nforrr\xgﬁ on %@ﬁ?@%@ﬁ%g@g a gl(gt g?l?lgeéé\gdfa!gngﬂc%radt Oé’&gtg%a nfad

resi stance yal rwshe I.S1a V. €:.0 e_.magnet o-sensitive | ayer
or the obt a‘?{neg‘&\gﬁi v Fléal ﬁiaé{sslgg%%ncg&\e/alrghy%dfucp?é %‘&quqbo%e F¥Pee Rayer.

to

. hod_f o f ' tic, t ducs or di
ciaims, - megnel RS iond PeRROH Fleghachl seraiui it tRensn ta en

claimbs,

ei t her

a

external magnetic field, comprising:

an apparatus for manufacturing a magﬁetic transduéer 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 immto, 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.

st



| eadi ng conductive filmto be electrically connected to the

nagnet o-sensitive |ayer or at |east one resistance filmpattern for
functioning as a dunmy, and the substrate i nfornmation obtaining
step obtains the resistance value of at |east either t '
conductive filmor the resistance film pattern made on the base,

resi stance value of the resistance filmpattern. 10t A ne
for manufacturing a magnetic transducer according to claim9,
wherein the polishing step further obtains the resistance value of the

resistance film pgiterg, afd‘efoPanrWrS’Hﬁrsg Jganufacg%l‘gftigr BPYal lﬁﬁi%xeeéic

ongoi ng-wor k-information further contain ta a t he obt al

resist ancetﬁé?xlsﬂﬁcé}factcgﬁiﬁg% %%a%cgl ffh&ﬂﬂe?%%ﬁlﬁ%&ing: o 11 A et hod
magneri c Img> to claim

for manufacturing a ransducer acco 5,

wherein the polishin ep. further.obtains a dinension value o .

predet er ni ned port ?t(?ﬂ ogfcca?%aﬁ% Acfis sf’é’;lu'é‘? f’?’?fsz‘ltlr‘r‘g%a DAY ?r'ga IQQ%‘?n%lal
Lo B . . [t

wher eby tht?rﬂ%.%d" 9es\§\§cralr(1cé foalcl){en(?fltlhgr}ngggét%[s%%s&%}eala?fgg gy su%?ecting 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 388, 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

whereby the substrate information contaj ns data about a':”ﬂﬂ,ﬂ,m“ 1 tn he
obt ai ned resistance val ue of the Ieadi’ﬁjg conductive fil ni¥ ! ﬂu E{“ d
the



- 63- obtained dinension val ue. 12. A nmethod for manufacturing
a.magnetic transducer having a nagneto sensitive |ayer changing in

el ectrical resistance in responsei ﬂlﬁm 'ﬂﬂ murﬂll magnetic field,
conpri si ng: a filmfor tively formng at | east a

magnet o-sensitive |ayer on a predet erfn hed® subst'r at e; a cutting
step of cutting the substrate into a plurality of bars each including at
| east the magneto sensitive |ayer; and’3- a polishing step of
pol i shing the bars, wherein the polishing step includes:

obt ai ni ng i 8 rk

I nformati orﬁ}ggmﬁgﬁ) %}@&?B.’tt?tsth#é?cal gggcgr%%&@a VG& gﬁls |tuﬁ&n%lt\énpart of a

potential estimag eshst ance  val ue e et 9-sensi. by
Bibi ecting the  oBRAFHBtSY Wé%}&a@ B R RRERG 5?%%%?%
whighting B Sﬁm%%gﬂ&uf t&%éhrs“f die'8 &C@mda%é’w%%?x%érkg& ﬁéé’ﬁ?%ié stance
val ue by usin ) econd, val ue and controlling polishipg of the
bar so t hat¢oB gr@?%g %apg&? the Jnz sa dbat (e aeimaletheRsi¥ABCE SRR TREERS  ance

val ue. .
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;



13. A method for manuf acturing a magnetic transducer according to claim
2, - 64 - wherein the
poI i shi ng staep—obt—al—n&a -gi-rensi on value of a predeterm ned portion of the

magnet o- sensi Ve e bar piece under working, wher eby
t’he ongoi ng- \ﬁmﬁm i ﬁ[ E
val ue.

cont ai ns data about the obtained di nension
: d for nﬁ}acturi ng a magnetic transducer
according to clalm -=2 wher e the filmformng step further
forms on the substrate at |east one resistance filmpattern for
functioning as a gdufEp/of ehthining informatien ROLLE Bhe Bast @RI Aidhng 8

resi stance value of the resistance filmpattern, wher eby t he
ongoi ng- Wo[,jg IHEQI[, {nq&ngéﬁgﬁrein@ont ains data about the resistance val ue
of the resi s ance | m pattern. 15. An apparatus for

U actUr ng 8 TPOREL | g LABRRINGTs BB SaRdGRERAISRISL LS b

changing in electrical resis Fesponse to an magneti c

field, CO”BEﬂe%'tﬁq eétx:gz;ated resistance value of the magneto-sensitive layer by

subjecting thi& obtained ongoing-work-information to a predetermined
operation usiiE values previously subjected to statistical processing as
weighting codfficients,

whe#éin 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 ¥asistance value reaches the target resistance value,

37. :‘S',"Ef)“‘ftware 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

L EN

having a magneto-sensitive layer changing in electrical resistance in

response to an &¥ternal magnetic field, comprising:
a st"ey of obtaining information about at least either a

predetermined i%ﬁbstrate supporting the magneto-sensitive layer or a

structure mcluzimg at least the magneto-sensitive layer formed on the
substrate, as sn%strate information before polishing;

a step zif calculating a first value constituting a part of a potential
estimated resisfance value of the magneto-sensitive layer by subjecting the
obtained subsfz%f%e information to a predetermined operation using values

previously suhjé‘g’%ﬁed to statistical processing as weighting coefficients; and



substrate I nformati on obtai ni ng neans t‘m‘ot—arrm—ﬁg—hnt—gr_rratlon about at

| east either a predeterm ned substrate m cluding at least a
magnet o-sensitive | ayer selectively for mm’ Qgﬁ'ﬂat e, as sSubstrate

i nformati on before polishing; pdl i Shing une or polishing a
plrurality of bars which the substrate is cut into, each including at |east
t he magneto-sensitive | ayer; and pol i shing control

means for controlling the polishing medRs based on at |east the substrate
i nformati on so that the nagneto-sensitive |ayer included in the bar has a

et L 95 AR g rgeetipd FRERRARNG 19

manuf acturing a magne wherei n the
pol i shing contral | culates a first vaI ue constituting a part of a
potential cSPPEA éﬁ%ﬂ@??@%&@“@m ue of the magneto-sensitive |ayer by
subj ecting the substrate information to a predeterm ned operation using
val ues previously subjected to statistical processing as weighting
coefficients, calculates the estl mat ed, r esi st ance vaI ue usi ng at | east
the first value, &8d coONwaesk Porstamatigieon refistaace sialue Hﬁyatlﬁ@g@gtlprrat ed

resi stance val ue reaches the target resistance val ue. 17. An
appar at us fizansdunet accardingytaclaingrds; fartbencordprising:

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



according to claim15, wherein the substrate information obtaining
neans obtains at |east either a resistance value or sheet resistance val ue
of the nmagneto-sensitive |layer nade on the substrate or a virtual

resi stance value of the magneto sensitive |ayer containi

resi stance conponent as well, wher eby the sub t,"mﬁ"mlmmm Il
contains data about at |east either gpg_obt ai ned resistance val ue or s
resi stance val ue of the magneto sensitFve |ayer or the obtained vi rtual

resi stance val ue of the magnet o-sensitive | ayer. 18.
An appar at ygtéia " RBHEBREY  teatktan P IARId %ftﬂ}é“iﬁégiﬁ’c BESHE! Bgel Opy! @I M
15, B éarlel n the substrate ig'%formatlon ob al%lsng nmeans gbt ajlzns t he

e EL""QFECP? ﬁﬂ%tcoﬁkﬁﬁﬁkae&ﬂgﬁ%&%ﬁ 50 FARE Y ' prbdRebRifiES SO o
ot or mat | orpebia ARk SE L ke ity SiBected, g ﬁtﬁes%%@aﬁﬁ%a%g? once ©
val ue of theI ndyctive filmor the

Welgﬁg ng c%e 1cients; amf

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:



obt ai ned resi stance val ue of the resi stance fitmpattern. 19. An

apparatus for manufacturing a magnetic tra according to claim 15,
further conpri sing: ongoi ng work m{’, Imwm, ni ng nmeans for
obtaining information about the bar under ng- wor k

I nf or mati on, wherein the polishing control rreans controls
polishing of the bar based on bot h of the substrate information

and t he ongoi ng-work-information so That the nmagnet o-sensi tive |ayer
included in the bar has a predeterm ned target resistance val ue

20 An apparat us f.ap,BIHLAEANGIAitheR ATREREC | Gk ARNERIe 30 G0AE1 08 4 ©

claim19, wherein I'ng cormt rol neans ca tes a va ue
constitutin a, pptent esti mat resi stapce val. ue

“67-  the nﬁaﬁéﬁ%‘ﬂs ShomArE P leios, el 8@%89%36 QpTare Hax‘f%rba’at i on
to a redet erm eration usi val ues rev qusl ected to.

stat i s!to i cal S %}\%@Bgsq ‘gl%St ‘g’@af&%ﬁf’ |pé?1 efer ngéﬂpé@@stl%gsga i mat ed
resi stance | ue by u5| g bo h of. the first. val ue and t

ongoi ng- wor vza \wre‘ormi%w gnbeetod rig sstabistisal n@r%‘ﬁsqlﬁg @&r weighting ¢ he

estinmated resistance value reaches the target resistance val ue.
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,



21. An apparatus for manufacturing a magnetic transducer according to
ctaim 20, wheretn-the polishing-control neans further calculates a second
val ue consti tutl he estimated resi stance val ue by subjecting
t he ongoi ng wor k{ m&*mvﬂm predeterm ned operation using val ues

pt evi ously subj ec aI processing as weighting coefficients,
cal cul ates the estinated resi stance vgiligg by using both of the first val ue

and the second value, and controls polishing of the bar so that the
estimated resi stance val ue reaches the target resistance val ue.

22. An appar at us %@réiﬁntﬁ@‘ébﬂfx‘opgné‘aﬁ@g:ﬁfédfl&etsrﬁ{és@k‘ﬂ“'ate&%%{s%ﬁéb to

claim 19, wherein the substrate 1 nfornmati on obtalning neans f
obt ai ns at | e ?geé 3 M@l ue o
t he rnalgnetV gl‘gégﬁgi ﬁl%ge(foggeéfeﬁiae;g%%%% or gj%\%lﬁrrl }% argaéll stance
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contains d baqut Least . eithe t he obtai ned resi stance val ue or sheet
resi st ance?é%l}%g%g“f’ tﬁ:%et tesistance 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



magnet o-sensitive layer or the obtained virtual resistance value of the
nmagnet o- sensi tive | ayer. 23. An apparatus for manufacturing a

magneti c t ransdueer—aecerdi-ng to claim 19, wherein the base

i nformation obtains the resistance value of at |east
elther a Ieammﬂ i@“@ﬂwg fil mforrred so as to be electrically connected
to the magnetwo- sensi a re,?élstance film pattern formed as a

dumy, wher eby the substrate formati on contains data about at
| east either the obtained resistance value of the | eading conductive film

or the obbabhRE-wESi-BieRnati¥al #gq of the resistance filmpattern.

24. An apparatus for manufacturing a magnetic transducer according to

cl ai m 23, r I s,.further .ob alnsthe
resi stance val ue o%ﬂgh@&&gg@ 89% %Q’%‘Péa %lélg co&.?%‘%}*gnsa? p":t t%

wher eby th N nf or ion furt contains data ou
obt ai ngd r ‘ﬁgar%cgs%g 5FSJ§ cPeg?lélteaﬂEE QWIUVG alayer by 25. An

apparat us fsﬁfnec 1ﬂgftel‘1e %éaigetf‘ ixq%%mezft{o% Eiilgirr]xsgdgv%gf;inga%oc %r glrer] etéfmfrle?il m 19,
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.



- 69 - wherein the polishing control nmeans further obtains a
dizmensi on val ue of a predeternined portion of the mgnetw
on the bar, wher eby t he ongoi ng-work-informati on contains data
about the obtained dinension val ue. 26. An ap

manuf acturi ng a magneti c transducer having a nagnet osenm,!mm"mm””m
changing in electrical resistance in rgsponse to an exterfial®nagnetie =«
field, conprising: cutting meaits” for cutti ng a substrate, on which
at least a nagneto-sensitive layer is selectively forned, into a plurality
of bars each i nclpudi S & S RPAY : e

pol i shi ng neans fo‘ierqu%J ?@%P {ﬁg&ts&g&brhgra ) gtﬁidgo fo°&ldith 46, g#&g%ﬁﬁéo%pﬁmg-

i nformati on obtainin ns_ for, obtai ni I pf ormat i.on..about _t he har under
wor ki ng as ongoi ndnﬁ%‘?'sk Pﬁf%ﬂlﬁ&?ﬁ&g, it Vaqu%o%hﬁ%ﬁgngoﬁt Ptélh r?gaﬁs f or
calculating a second val ue constituti rt_of potenti al, estinated
resi stance ggqegglagfeqt}pga ﬁ%*il%taél@?\s'faﬁa@egf Eﬁ?/e‘?la@;’g@tﬁﬁn@g’}‘f%éa}fﬁelbgbt ai ned
ongoi ng-work-information_to a _predeterm ned operation using val ues
previousl y SWhjpeldngdhe substrate iipformatim, te g prrflesermiedeRaTgtioner$ingi ent s,
calculating the estimated resistance value by using at |east the second
val ue, and valmesolnrewguplyl i subjecteds tohestatisficalo nuegessing est iweighting

resi stance val ue reaches the target resistance val ue.
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



27. An_ apparatus for manufacturing a magnetic transducer
according to claim 26, wherein the polishing control neans obtains

a di mension value of a predeternined p rm!"uuﬂl ! neto sensitive

| ayer on the bar under working, | mmmmm

oRmgoi ng-wor k-i nformati on contains data about® t he " obt ai*ned di mensi on val ue.
28. An apparatus for manufacturing a magnetic transducer according to

cl ai m 26, wherein the polishir®g ‘control means obtains the

resi stance value of the at |east one resistance filmpattern forned as a
dummy on the

bst pm . \

fu H her con‘fa&}lgl yzé}’r?]gltgehﬁghf)f the ﬁr‘égﬁfé?g%@é&?ﬁ?ﬁgﬁéﬁ%ﬁﬁrﬁéﬁéﬁéﬁﬁéﬁ? inl m
attern. 29. A neth f f ' '

P mrl i ng #nd gagHels polishiRgsel,the baF 5o that. (b emrmated SPSHACETALe yi ng

a

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 rﬁagneto-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



?
magneto sensitive |layer changing in electrical resistance in response to an
external magnetic field, conprising the steps of form ng polished
bars each inclTuding a pIurallty of magnetic transducers by a manufacturing

met hod accor di mnmmm“‘lmmm cutting the bar into a plurality
of head slider | east one magnetic transducer.
71 - 30. ¢ An* apparat Us for manuf acturing a magnetic head

conprising a magnetic transducer for~ 188produ0| ng information having a
magnet o- sensitive Iayer changi ng in electrical resistance in response to an

1 o T B . gy o ke

manuf act uring sduc cl al

f h shed b
cppar Q?U‘;‘pfqa#e%%ﬁﬁafﬁépﬁé?‘%eg RghoPl SR, 28, BT PaRetitG 9 o

head sliders h |ncI din | east one nagnetlc transducer.
31. Softvva‘i"%1 fhicien ng manuf acturi ng of a rragnetlc transducer, for

use i n manufacturing of a_magnetic transduycer havjng netqQ sensi t ive
| ayer changi ng i nveiezely ithe| condxglsmenns ¢alcwlatgsotbe Qsé%%te xesiptaznce

magnetic field, conprising:
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 ﬁéld, 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:



a ster of obtaining information about at |east either a predeterm ned
substrate supporting the nmagneto-sensitive |ayer or a structure including
at | east the—HC&g-He{O-—S&HS-i—t—i—V—e—l ayer fornmed on the substrate, as substrate

i nformation b and a control step of controlling
pol i shing of gm ‘ Ears which the substrate is cut into, each
I ncl udi ng at | e~as sensi ti ve | ayer, wherein the

control step control s pol i shi ng of thé834ar based on at |east the substrate
i nformation so that the magneto sensitive layer included in the bar has a

predeterm ned ta ftvvare
for controll i ng rrgrﬁ coﬁ ﬁ niqélgnfﬁglaﬁgtop otul'!:é:}ﬁg l%evfndaegcp i(??‘?m%g 0 claim
31, further step of calculating a first val ue
constituti n?j‘ %morggng)rmtmagﬁ estimated resistance value of the
magnet o-sensitive | aye *’rS\[ cting the bstrate, information,t

PstHgH

predet er mi ned ope™i&Hn ngea sespnd ¥ éﬂg‘i’ )Fogﬁti}f‘bt&?%(? PBT%PQttﬁE?i cal

processi ng as, wei ghti ng coeff|C|ents and ., .a step of c Iculgti ng
the esti matestimatadst agesistancee byalng ng kit |akiectinge 1 ither 4btaine

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



obt ai ned estimated resi stance val ue reaches the target resistance val ue.

33. Software for controlling manufacturing of a magneti ansducer
according to claim31, further conprising; a step of obtaini
i nformati on about the bar under polishi ﬁgf as informati onTHkKsLPG r ki ng,

wherein the control step controls pol ?sf.ng of the bar bas T emliced
the substrate informati on and the ongoi ng work-i nformationf MI 4.
Software for controlling manufacturing of a nagnetic tra 'ng

to cl ai m 33ABSTRAGEr conpri sing: a step of calculating a firs
value constituting a part of a potential estimted resistance value of the
magnet o sensitive |ayer by subjecting the substrate information to a

predet erm NGETAGH" Alth ORpRRAEYS HOI MANUFACTURING MAGNETORESISTIVE
- .73 - previously subject to statistical ocessi ng as wei ghting
@ a

coef fi ci ent BLEMENT, SO i BN Y Rt (FOR COBTROLEINGat es the estimat ed
resi stance MANUBACPYRYAE NOF MACNEFOREEISTIVE ErEMERTINSOFIWARBEQOI NY

resi st ance PaR,ESFORRES REeTo R Ynldnd of MachErRlstoftv e oot MR e

ELEMENT, AND COMPUTER SYSTEM

Provided are a method and an apparatus for manufacturing a
magnetoresistive element and a method and an apparatus for
manufacturing a magnetic head which can reduce variation in properties of
an magnetoresistive element and variation in the median of distribution.

Before starting polishing, wafer information containing various
types of factors in a wafer stage which may have an influence on a
resistance value of a final MR film is obtained, and an S value is calculated
from the information by using a statistical scheme. During a polishing
step, ongoing-work-information containing various types of factors in a
polishing stage which may have an influence on the resistance value of the
final MR film is obtained at regular intervals. A K value is calculated
from the information by using the statistical scheme. Then, an MR
resistance estimate during the polishing step is calculated from the S value
a_nd the K value. When the MR resistance estimate reaches a target

resistance value , polishing is stopped.



35. Software for controlling manufacturing of a magnetic transducer
according to claim 34, further conprising: a step of calculating a
second val ue constituting a part of the estinmated resistance val ue by

subj ecting the ongoi ng-work-information to a predeterm ned operation using
val ues previously subjected to statistical processing as weighting
coefficients, wherein the control step cal culates the estinmated
resi stance value by using both of the 1irf$8 value and the second val ue and
controls polishing of the bar so that the estinmated resistance val ue
reaches the target resistance val ue. 36. Software for

control ling manufacturing of a magnetic transducer, for use in

manuf acturi ng of a magnetic transducer having a magneto-sensitive |ayer
changing in electrical resistance in response to an external nagnetic
field, conprising: a control step of controlling polishing of a
plurality of bars which a9 pre ri ned substrat ting the magneto

sensitive layer is cut int\, ncl udi n eto-sensitive
| ayer; as o—gbt ai ni g | out the bar
under polishing as o 1 g~ K—~{ or mat /' on;
|
égi% T———J I
] ’ 4
8
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a step of calculating a second val ue constituting a part of a potenti al
estimate resistance value of the nagneto sensitive |layer by subjecting
the obtained ongoi ng-work-infornmation to a predeterm ned operation using
val ues previously subjected to statistical processing as weighting
coeffients, wherein the control step calculates the estimted

resi stance value by using at least the second value and controls
polishing of the bar so that the estinBt€li3resistance value reaches the
target resistance val ue. 37. software for estimating a

resi stance value of a magnetic transducer, for estimating an electrical
resistance value of a nagneto-sensifive layer in a step of manufacturing
a magnetic transducer having a nmagneto sensitive |layer changing in

el ectrical resistance in response ernal fdgnetic field,

conpri si ng: a step of at+on  about at | east
either a preﬁﬁgfggined Subst yat e sypporti-rg t he\magnet o-sensitive | ayer or
a structure ‘¥di*ng at | edst thq/ﬁhgneto%sensiuive | ayer forned on the
substrate, as subsrate infor =tion/befofe\po\ishi g; a step of
calculating a first val ue cof { potential estinmated
resi stance val ue of the magn subj ecting the obtained
substrate information to a predey 10n usi ng val ues previously
subjected to statistical processing as weighting coefficients; and
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75 - an estimating step of calculating the estimated resistance
value by wusing at least the first val ue. 38. Software for
estimating a resistance value of a magnetic transducer according to claim
37, further conprising: a step of obtaining information about the
bar under polishing as ongoing work-information; and a step of
cal cul ating a second value constituting a part of the estinated

resi stance val ue by subjecting 8h€13 obtained ongoing

wor k-information to a predeterm ned operation using values previously

subj ected to statistical processing as weighting coefficients,

wherein the estimating step cal cul ates the estimated resistance value by

using both of the first value and @he s val ue. 39. Software
for estimating a resistance value §f a tic transducer, for estimating
an electrical resistance value of a g sensitive layer in a step of
manuf acturing a magnetic transducer, YT TIg Ja nagneto sensitive | ayer
changing in electrical resist n ESor elto an external magneti c
field, conprising: a\SHE i lﬁé i nformati on about the bar
as information_ during workin uti ngrpobresii ng a plurality of bars which

a predet erni FE@.4Abstrate su pporti1 ng the magheto-sensitive layer is cut
i nto, each including

8

FIG.4B
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at | east the nmagneto-sensitive |ayer; a step of calculating a
second val ue constituting a part of a

-.76 - potential estimated resistance val ue of the magneto-sensitive |ayer
by subjecting the obtained information during working to a predeterm ned
operation using values previously subjected to statistical processing as
wei ghting coefficients; and a step of calculating the estimted
resi stance val ue by using at |east theds€t8nd val ue. 40. A
system for controlling manufacturing of a magnetic transducer, for use in
manuf acturi ng of a magnetic transducer having a magneto-sensitive |ayer
changing in electrical resistance in response to an external nmagnetic

field, conprising: Ea or obtaining information about at | east
ubStatt e

either a predeterm ned supporting the magnet o-sensitive |ayer or
a structure_including_at : e magneto sensitive |ayer fornmed on the
substrate, ds substrate inforymtion before polishing; and control
means for cg =t of.,a plurality of bars which the substrate
is cut into, 8Bgneto sensitive |ayer,

S3

Measure and capture data
i kin,
during working S0
Y S4 Obtain wafer information
Calculate K value (offline)
] S5 i s1
Capt S value € - -1 Calculate S value
e (offline)
, S6
Calculate MR resistance
estimate (S valuetk value)

MR resistance '
estimate ZRth

S8

Stop polishing

End
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wherein the control neans controls polishing of the bar based on at |east
the substrate information so that the nagneto sensitive layer included in
the bar has a predeterm ned target resistance val ue. 41. A
system for controlling manufacturing of a magnetic transducer according
te claim40, further conprising:

77 - nmeans for calculating a first value constituting a part of a
potential estimated resistance val ue of5ttig3nagnet o-sensitive |ayer by
subj ecting the substrate information to a predeterm ned operation using
val ues previously subjected to statistical processing as weighting

coefficients; and means for cal culating the estinated resistance
value by using at |east the first val ue, wherein the control
means controls polishing of the bar so that the obtained estimated
resistance val ue reaches the target resistancggval ue. 42. A

system for controlling manufacturing of a nma
to claim40, further conprisjng:

etic transducer according
s fqr obtaining information

about the bar under polishin ongoi ng- k-information,
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wherein the control neans controls polishing of the bar based on both of

the substrate information and the ongoi ng-work i nformation. 43.
A.system for controlling manufacturing of a magnetic transducer according
to claim42, further conprising: means for calculating a first

value constituting a part of a potential estimted resistance value of the
magnet o- sensitive | ayer by subjecting the substrate information to a
predet erm ned operation using values pgeviBusly subjected to statistical
processi ng as weighting coefficients,

- 78 - wherein the control means cal cul ates the estimated

resi stance value by using both of the fjrst va ue and the ongoi ng-work
information and controls polishing of Ehe barESO that the estimted

resi stance value reaches the—tearget—es oLu alue 44. A
system for controlling manufacturingy § ic transducer according
to claim43, further conpri sing: Lo __dgans<$or cal cul ating a second
val ue constituting a part of tihe estinpted |§tance val ue by subjecting
t he ongoi ng-work-information tp a predeterni qu:operatlon usi ng val ues
previously subjected to statistical | D
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processi ng as wei ghting coefficients, wherein the control neans
cal cul ates the estinmated resistance value by using both of the first val ue
and the second value and controls polishing of the bar so that the
estimated resi stance val ue reaches the target resistance val ue.

45. A system for controlling manufacturing of a magnetic transducer, for
use in manufacturing of a magnetic transducer having a magneto sensitive

| ayer changing in electrical resistance7if]8esponse to an external
magnetic field, conprising: control neans for controlling
polishing of a plurality of bars which a predeterm ned substrate
supporting the magneto-sensitive layer is cut inta each including-at

| east the naﬁﬁeto-sensitive Vayieable means for obtaining infornation
about the ba(u“g?r p0||§n|ngF@mNQ Bar numb&n9°! N9- mork |nfornat|on ard
al cult

means for c Bhg FSedona—valuereonstutty potemtTal

estimated r egirsfoamati ol gz yiggnmgh‘éqr@%% iM |S@684>ray‘@|slﬁ§,an%eu9}léb'i‘9 ng
t he obtai ned| i nformati ¢ ur|H r ki nutegwadiqn ddebar mi ned operation using

val ues previpusly subjgcteq 10 statl Sﬁér?gae' o?rlﬁ’csee?%bpgréasﬁst&ﬁéég%'rri'ﬂg

coefficients 83| IMRNG | integration in bar

Average of RLG sensor resistance Ri

S4 R1AVG during integration in bar
Standard deviation of RLG sensor
S5 RISTD | asistance R1 during integration in bar

Average of RLG sensor resistance R2
S6 RZAVG during integration in bar

Standard deviation of RLG sensor

ST R2STD | resistance R? during integration in bar
Average of RLG sensor resistance R3
S8 R3AVG during integration in bar

Standard deviation of RLG sensor
S8 R3STD | rgsistance R3 during integration in bar

Average of resistance of MR element

S10{ IMRRAVG | 4yring integration in bar
Standard deviation of resistance of MR
S11| IMRRSTD | ¢|ement during integration in bar

S12| LDRAVG | Average of lead resistance in bar

Standard deviation of lead resistance
$13| LDBSTD | in par

S14 | SheetRAVG| Average of sheet resistance in bar

Standard deviation of sheet resistance
$15| SheetRSTD| i, par

S16| SVRAVG | Average of C+SXW resistance in bar
Standard deviation of C+SXW resistance
S17| SVRSTD

in bar
information Average of MR heights during RLG
during K1 | FMRHAVG working in bar
i A f RLG sensor resistance during
working K2 | FRLGAVG verage o

RLG working in bar

Average of M sensor resistance during
K3 FMAVG | g working in bar

FIG.8




wherein the control neans cal culates the estimated resistance value by
using at | east the second value and controls polishing of the bar so that
the estinmated resistance val ue reaches the target resistance val ue.

46. A conputer systemfor use in manufacturing of a magnetic transducer
havi ng a magneto-sensitive |layer changing in electrical resistance in
response to an external nmagnetic field, conprising: nmeans for
obtai ning informati on about at |east ei8pét3a predeternined substrate
supporting the magneto-sensitive layer or a structure including at |east
t he magneto-sensitive layer fornmed on the substrate, as substrate

I nformati on before polishing; and control neans for controlling
polishing of a pIurallty of bars which the substrate is cut into, each
i ncl udi ng at | easf—the IIGUIICLU serstve—1 ayetr; tial whereiln t he
control neans confrols |IS ﬁgff 1&e bar ban J’r é? | east t{he
substrate infornalion s 8f PRGN SPEIQ 5?@?'0'? ncl yided in the
bar has a predetefnine tarmpt resi sfance value coefricient
- 80 - 417. 0,3\ cq;m%ttghts%?hen accogglmoqo cl al-m2®03‘aj t her
conpri si ng: oH—calcuatrg—a—FH-st valde—eenst+{ uting a
part of a potent aC1est| mat eROWAIGH | ance 25I6@68f t he naddh&0S $ensitive
I b
wEL Co IMAVG 31.7809 —2.155

Cs IMRNG 36.1613 1.764

Cs4 R1AVG 83.4616 6.029

Cs R1STD 6.9186 —2.435

Cs R2AVG 151.3326 —-5.134

Cs R2STD 45411 1.077

Cs R3AVG 0.253 0

Cs R3STD 0.8593 0

Cio IMRRAVG 539.3231 7.116

Ci11 IMRRSTD 0.4357 0

C12 LDRAVG 0.069 0

Cis LDRSTD 1.6833 0

Ci4 SheetRAVG 3.1087 0.617

Cis SheetRSTD 18.3665 —0.281

Cis SVRAVG 0.0505 0

Cir SVRSTD 0.0015 0

D1 FMRHAVG 3.092 5.66

D2 FRLGAVG 158.4078 0.114

Ds FMAVG 155.6401 0.212

FIG.9



subj ecting the substrate information to a predeterm ned operation using
val ues previously subjected to statistical processing as weighting

coefficients; and means for calculating the estimated resistance
value by using at |least the first val ue, wherein the control
means controls polishing of the bar so that the obtained estimated

resi stance val ue reaches the target resistance val ue. 48. A
conput er system according to claim46, §ufiBer conprising: nmeans
for obtaining information about the bar under polishing as ongoing

wor k- i nf or mati on, wherein the control means controls polishing of
the bar based on both of the substrate information and the

ongoi ng- wor k- i nf or mati on. o 49. A gonputer system according to
claim 48, further conprising: meaRs for calculating a first val ue
constituting a part of a potentla estinmeted resi stance val ue of the
magnet o- sensi tive | ayer subj ect{ng the substrate information to a

pr edet er mi ned operation u5|ng valgﬁs&QrﬂVEbustycsub;ected to statistical
processi ng as wei ghting coeff|C|eﬁ{s,_.F.F.__F.Qﬁeﬁéln the control neans
cal cul ates the estimated re5|stance\\\\\\\ ( ( g
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- 81 - wvalue by using both of the first value and the

ongoi ng-work-informati on and controls polishing of the bar so that the
estimated resi stance value reaches the target resistance val ue.

50. A conputer system according to claim49, further conprising:

neans for calculating a second value constituting a part of the estinated
resi stance val ue by subjecting the ongoing-work information to a
predet erm ned operation using val ues pQex¥il8usly subjected to statistical
processi ng as wei ghting coefficients, wherein the control neans
calcul ates the estimted resistance value by using both of the first val ue
and the second value and controls polishing of the bar so that the
estimated resi stance val ue reaches the target resistance val ue.

51. A conputer systemfor use in manufacturing of a magnetic transducer
having a magneto sensitive |layer changing in electrical resistance in
response to an external magnetic field, conprising: control neans
for controlling polishing of a pIuraU\L¥;of barsi@Bi ch a predeterm ned
substrate supporting the rggneto- iq%sul\l '3”‘%5/' S cutB, into, each

including at |east the magheto se sltlve Iayen' means for
obtai ning i nformation abou&t t hre—bar—omdETt] St g as V_ongm ng

wor k-i nformation; and TNRENS o3 O ng ase ond val ue
constituting a part of a potgnfial ast/ra\ed resi ’éﬂée al ue of the
magnet o- sensitive | ayef -~ -- 1 L: AN
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- 82- subjecting the obtained ongoing-work information to a predeterm ned
operation using values previously subjected to statistical processing as
wet ghti ng coefficients, wherein the control neans cal cul ates the
estimated resi stance value by using at |east the second value and controls
pol i shing of the bar so that the estimted resistance val ue reaches the
target resistance val ue. 52. A conputer systemfor estimting an
el ectrical resistance value of a magriet o k&nsitive layer in a step of
manuf acturing a magnetic transducer having a nagneto-sensitive |ayer
changing in electrical resistance in response to an external nagnetic
field, conprising: nmeans for obtaining information about at | east
ei.ther a predeterm ned substrate supporting, the magneto-sensitive |ayer
or a structure including at |east 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 estimted
resi stance val ue of the magneto-sensitive |ayeriby suﬂtpctine t He obt ai ned
substrate information to a predeternined operationi uasimg valtes jptvi ously
subjected to statistical processing as weighting | coef gPciignt anéF
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estimati ng neans for calculating the estimted resistance value by using

at least the first val ue. 53. A conputer system according to
ctaim52, further conprising: .

-83 - means for obtaining information about the bar under
pol i shing as ongoi ng-work-information; and means for cal cul ating

a second value constituting a part of the estinmated resi stance val ue
by subjecting the obtained ongb2ndglBork-information to a
predet ermi ned operation using values previously subjected to statistical

processi ng as wei ghting coefficients, wherein the estimting nmeans
cal cul ates the estinmated resistance value by using both of the first val ue
and the second val ue. 54. A conputer systemfor estimting an

el ectrical resistance value of a nmagneto sensitive layer in a step of
manuf acturing a magnetic transducer having a.magnet QgsSensi:tive i ayer
changing in electrical resistance in responsg toiah #ternaf fragnetic
field, conprising: means for obtainirigii nf or Wt ilon abb t he bar
as ongoing work information, during polishing g tiyiof bays which a
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predet erm ned substrate supporting the nmagneto-sensitive layer is cut into,
each including at |east the nagneto-sensitive |ayer; means for
Galculatlng a second value constituting a part of a potential estinmated
LeS|stance val ue of the magneto-sensitive |ayer by subjecting the obtained
ongoi ng-work-information to a predetermined operation using val ues
previously subjected to statistical processing as weighting coefficients;
and means for calculating th8 €46 mated resistance val ue by using
at -l east the second val ue.
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ABSTRACT

METHQD AND APPARATUS FOR MANUFACTURING MAGNETORESISTIVE
BLEMENT, SOFTWARE AND SYSTEM FOR CONTROLLING
MANUFACTURING OF MAGNETORESISTIVE ELEMENT, SOFTWARE

FOR ESTIMATING RESISTANCB VALUE OF MAGNETORESISTIVE
ELEMENT, AND COMPUTER SYSTEM -

Provided are a method and an apparatus for manufacturing a
mdgnetorgsisﬁve element and a method and an apparatus for
manufacturing a magnetic head which can reduce variation in properties of
an magnetoresistive element and variation in the median of distribution.

Before starting polishing, wafer information containing various
types of factﬁrs m a wafer stage which may have an influence on a
resistance value of a final MR film is obtained, and an S value is calculated
from the information by using a statistical scheme, During a polishing
step, ongoing-work-information containing various types of factors in a
polishing stage which may have an inﬂ_uence on the resistance value of the
final MR film is obtained at regular intervals. A K value is calculated
from the information by using the statistical scheme. Then, an MR
resistance estimate during the polishing step is calculated from the S value
and the K value. When the MR resistance estimate reaches a target

resistance value , polishing is stopped.
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