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The present invention relates to a fixed nmagnetic recordi&ﬁ&ﬂﬁ“ﬂ@“ﬂWM’
et hod of adjusting a magnetic head, and a magnetic recor n
el ectroni c equi pment. Background Art=Ih Tecent years, regardi Hg@* fi xed
magneti c recording device, a faster read/wite characteristic has been
required as a large recording density has been further denmanded every year.
A reproduci ng system needs a hi glEsceI®IIoNity to a magnetic flux than
ever before. Currently, in many cases, a magnetoresistive head (MR head) is
adopted, in which a reproduci ng out put does not depend upon a peripheral
speed of a nﬁggetic recordin i ng
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“magnetic field changes hgidaéaﬂéifﬁﬂﬁﬁéﬁiﬁfﬁ@CﬁED&BMthe future, the trend

is expected to shift to 0S€e reproducing efficiency is
improved by allowing a nultilayer filmto forma sensor for sensing a
magnetic flux: As the GWR head for practical use, a spin valve filmhead is
appl i cablEechmiobhlchieldpi n valve is used as a nultilayer filmserving as a
magneti c sensing part. The GW/inductive conbined head is configured such
that data is vihe tepeserhginventionpredag@sy ditt idnblxedhi Raghekifead and

data is read by, usi t he GWR head igh is.disposed next to the thin film
head. NarefSP*¢HRd c&%’ Hedd & 9%31&9 ngagﬂflﬁ%rlélgdgrfba%ﬂﬁg?'g *b%%fﬁa&%% zed by
reduci ng i n ‘ ' ti 4 réckcWpsn i Feadiidmdgcause an

obt ai ned %%%@%ﬁ?ﬁgggﬁggﬁﬁﬁs@ggﬁg& ab‘?y arge% thgn %ﬁ\at of the thin
filmhead, the reproducing output does not depend upon a peripheral speed
of a magnetic disk, and a reading track wdth is smaller than that of the

thin fil BadsgréendwAirti ng. For this reason, the GVR head has been widely

adopted as an _HDD head. However, singe t he ENR Bead requires bi current
according to it KGR iYRANS i nkFRREILNE RsTAEEESRAEN S Y rEFETE 11T

oo oLy e AR o LSREOOHE KB OB KO b of 1
as a large recording density has been further demanded every
year. A reproducing system needs a higher sensitivity to a
magnetic flux than ever before. Currently, in many cases,
a magnetoresistive head (MR head) is adopted, in which a
reproducing output does not depend upon a peripheral speed
of a magnetic recording medium. Namely, a head of a
reproducing method using so-called magnetoresistance is
adopted, in which an external magnetic field changes its
‘electrical resistance. 1In the future, the trend is expected
to shift to a GMR head, whose reproducing efficiency is
improved by allowing a multilayer film to form a sensor for
sensing a magnetic flux.

As the GMR head for practical use, a spin valve film head
is applicable, in which a spin valve is used as a multilayer

film serving as a magnetic sensing part. The GMR/inductive

combined head is configured such that data is written using



valve fil mhead, which uses a nultilayer filmas a nmagnetic sensing part,
is put into practical use, the nost .inportant challenge is to positively
form singl e magneti ¢ donai ns of Ni Fe, which forns a free-side magnetic
film If single magnetic domains are not formed on the free-side magnetic
ftlm an external magnetic field caused variations on a waveformthat is
cal | ed Bar khausen noise, resulting in signal noise. Wien single nagnetic
dormains are formed on the free-side nagnetic film Barkhausen noise is

el i m nat ed @pfvehefional eniepraduc headodndutaganibereltiabgedsiAg ehaet hod
of formng single magnetic domains on a magnetic film a nethod of

di sposi ngGMRhgaet,i evidiortai s cdisposedli hexon tan tdved tdfima fibbmeheadfi I mis
avai l able. As for the magnetic domain control film it is possible to use
exchange ¥aUglyngtdfe FMR head ignupedr £oKagRdyi CFAIHRAMNY olfor m singl e

“magneti c donains by. usj a neti.¢c fiel hard_bi.as . (0]
o manent CRABREE AL By, 2 dRPIRY e iR s5heeaf s BRhaRThinGr frk
<confi gur ag,i i (o)40=] c | o skgni ficant
For devel B R e e e e e head
usi ng a hasfishdesamiyhahrgereghen bRatbedn ther md mofElprieeadel yhbecause a
track pitch has been decreased every year. Thus, dispersion in lots is not
i gnor abl erepapdacd ne ottt fdaga didl idependruper s qeen ipherglrspeed when
the magnet is too strong, the near .t he magnet, |.§ dead. weve once a
per rranentof‘m@mﬁgl}%q-?lg%ﬁlﬁed‘“i A X PROLRISLIACH oF 15 ERANLRE E{xén
nodi fi cat | C . : , . Jaresents Gl , n an
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center atgmRi RBRA! hiaRSRREN WiddIe dRPOSWCANaMeEDD | Bes@l ecienenst,
di scarded as a faulty conponent. Therefore, it is necessary to develop a

t echni ques incenthien MR reeadlj xequines bhas cuagient diduormbhengregehts
invention is deyised to solve the, above problem The ob%gié%is to,obtain a
t
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head using a r ras sys sur Ion Fn or ol ve

t he abovepprgbb@rredit 2 Magnetic head including a nmultilayer filmhaving a
hard magnetic film (hard bias filn) for adding a magnetic field on a
magneti ¢ resi stmmidénkalily ,awhengthedGMRl headssdcheasi bhe aheverepiént

i nvention 4 further includes a solenoid on the_hard bias film and
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possi bl € challenge is to positively form single magnetic domains of
NiFe, which forms a free-side magnetic film. If single
magnetic domains are not formed on the free-side magnetic
film, an external magnetic field causes variations on a
waveform that is called Barkhausen noise, resulting in signal
noise. When single magnetic domains are formed on the
free-side magnetic film, Barkhausen noise is eliminated and
preferable reproducing output can be obtained. As a method
of forming single magnetic domains on a magnetic film, a
method of disposing a magnetic domain control film on an end

of a magnetic film is available. As for the magnetic domain

control film, it is possible to use exchange coupling of an



to change the strength of the hard bias filmby adjusting an anount of
current applied to the solenoid, and an effective track wi dth can be
variable in size. Hence, it is possible to operate a reproducing head at a
Jpoi nt having the best reproducing output on a magnetization curve or to
adjust an effective track wdth evern atter manufacturing the reproducing
head. Consequently, it is possible to inprove a yield and to increase
reliability of a drive by absorbing dispersions appearing when the head is
manuf act uameti f énromagneltiice £1i Lme apdn £ov €ness sdag liee nagmredviad dofaimet i ¢
recordi ng device of the present invention, which includes a nagnetic head
using a ?taydlsmm sywragt iad ivkd (ihdiahfetrrds 95 1anPEFaRR g a

magnetic field to magpetic resjstance filmin a |ongitudinal bias

di ?ecti oMagRet or @6‘?‘1’588??’%915 Ha ?%Stb%?rgiﬁ}anm%ﬁ%?biiﬁr?I}cgcﬁf% t hat
“the hard bias. fil.oipcl Eﬁﬂé)d'f hUSHERG A he i cfdeld
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-magneti C fio#t dsignarhieaai! ydimalevdiaspthd est spincealve kdaim aieaa. opti mum
value. Thus, it is possible to inprove |1 near responsiveness on a

reproduci ng oliqnever, t e cageedifc fheadnand theahenaingt Aehatignbiiias head at
a point having_the best reproducing output on a nmagneti zation curve.
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adj ust an effective track width of the magnetic head and to nodify the

ef fecti vptoaekswialitrob. r eapotiser | owhdrethefhagnet id tdiosperengnsthen si ze
caused during manufacturing, a skew angle, a head flying height or the
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characterized 1n that current control nheans for controlling |ongitudinal

bi as curramtuslupprael widtheofd ampmbdire isgctheesd ai s d e patsterftedhd i s
placed on a suspension of the magnetic head. Hence, a line for controlling
| ongi t udifieem 5 desdan sentert ﬁ‘érs%plﬁwwléﬂédl.nmﬂ-ﬁﬂam@‘? Lepsr QNG B

control ans for _controlling, | pngitudinal bias_current j,ed to the

sol enoi drpfa%a h%\?aﬁ?g?f:fgg W’% rfﬁi%?ﬁlﬁgeg %a@u??ﬁgtge%ﬁ@wéodr Treasuring an
ef fecti vepg L ko pidt P of 5 e JIRGNS ite HBIR10D §0FBEhhGuantoHeiftingi Ny
section Hﬁ cﬁéccc))rrptﬁt es as di fference bet weenog) desi gn vgl ue and a rre@asur ed
val ue andf ixe¢ eadfjnssmantsr loanta atawk basétdhon the conputation result, and a

current adjusting section for adjusting current supplied to the solenoid in
such a manner e tprovenf niaveatienddse daHErdyt e heotBfptPengdbave

determning sectio -. 6 A nethaod adj ust.i t tic of the
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an actual track width is shifted from a design value, in a

magnetic head using a hard bias system.

Disclosure of Invention

In order to solve the above problem, on a magnetic head
including a multilayer film having a hard magnetic film (hard
bias film) for adding a magnetic field on a magnetic resistant

film in a longitudinal bias direction, the present invention



and for controlling a magnetic domain, is characterized by controlling
current supplied to the solenoid provided on the hard bias filmso as to
i-mprove the |inear responsiveness of the reproduci ng out put of the magnetic
head by neans of a magnetic field appearing on the solenoid. Wth this
configuration, it is possible to operate the nagnetic head at a point
havi ng the best. reproduci ng out put on a magneti zation curve. Al so, the
present invention is characterized in that since control is exercised on

t he curr efirshieplimedl udes ressberodddopiine ledddniahd ilarandicantfidlg a
reproducing inert region_of the nmagnetic head is increased or decreased by
nmeans of themgeametcid faeddabpide henghtuddnad kirs dirged kan BYMRINYe track

idth i ied. Wth thi, fi ti Lt i ible t I
Ui spers; GG $REPPECPRPA RGP JIR rPYEERPERa rom the influence of
di'spersi ons 1 87 LIRCBoIRANAH N0 ovRrP kR30S d A feps bhy I dise el oht
us, | possi bl

or the like. 1S e to elimnate defects on the head which

-are causefbibyd drshiHd nafrd Beaef £ ethi e 4 heald ﬁtdt’:bssl,t itsiglpmsaissé bl e to
obtain a constant effective track width. Further, the present invention is

char act eri@ eshangeh&hears tefemartth vaf tthekhardt hies fhidmmbyhad imstekng i s
nmeasured by neasuring neans, a current value supplied to the solenoid is

det er m neaf BROREEHALi Gy KRRt ARRY HRd tegt Re ARl ¢ R4 angff eaiNR ed

val ue and_a_ desi val ue,, an h r 1S C | ed, byt nt

adj usti n&%ae% i %EY‘B %%ﬁa‘?% \gaxéne%éi% %‘g}i%%éfeﬁ?éég{aﬁe& Ai/snsé&ﬁse #E:ig
recordi ng gregh oph et bhe dYrRRRIMidVIeSAd 08l 8 pbBanCheRriizrfl tive iBwdwdi ng
executing neahs for performng a series of operations of nmeasuring an

ef f ecti verépesdueidghoatpulteonmagneagunehiadthpnmeanyeobrt be adhgstiay neans,
determning a current value, which is supplied to the solenoid, by neans of
the conpeffechhdedsrack witkheewen nEkar oRapuisgsiddd MR and a design

val ue, and contraolling current ne f i i justd ns to
obtain a %%R%?ﬁ’r‘ﬁé&gcﬂf-ﬁém g_gpt%)eé.q"\f?{‘:ﬁ"}{)%ilspg‘osﬁ#{({gsﬁ%a?%n%gv%&r{(ﬁ% _
magneti ¢ headh 5hi {43 {O thdesdsEdd1 feki Pl e "RANLIVE BiP <l Ngimgpdi um
t he executi"ng neans is read out and the series of operations are carried
out. Thusdispersibast appdamioig wiikh thet headndsemanufieartumedid] ust ed
Brief Description of Drawings FIG 1 is a whole structural draw ng
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char act ertisad chaly aggam Bapdi baa £ilm for adding a magnetic field to

a magnetic resistance film in a longitudinal bias direction

and for controlling a magnetic domain, is characterized in

that the hard bias film includes a solenoid for adjusting

the magnetic field running in a longitudinal bias direction.

With this configuration, the magnetic field in a longitudinal

bias direction can be kept at an optimum value. Thus, it is

possible to improve linear responsiveness on a reproducing

output of the magnetic head and to operate the magnetic head

at a point having the best reproducing output on a

magnetization curve. Therefore, even when the hardbias film

has a dimensional deviation, the film being formed in a



magneti zati on response curve when a | ongitudinal bias curve varies on the
Teproduci ng head shown in FIG 2; "(- g _FIG 5is a structural
drawt ng showi ng a reproduci ng head constituting a magnetic recordi ng device
according to Enbodi nent 2 of the present invention; FIG 6 is a flowhart
for explaining a change in effective ttack width of a magnetic recording
devi ce according to Enbodinent 3 of the present invention; FIG 7 is a wave
formchart showi ng that the reproduci ng head reads servo information; and
FI G 8 i proceps odiicnagudacpur igitartdee eréad ;i codi agr shesleywintg athat t he
reproduci ng head,shifts in a TPl direction. Best, K Mode for_Carrying Qut the
| nvent i orl FRPRFS LARSt BN Fteifngkh b MBPRE&Kindtwi§IPRRSEPIBLQ R et ai | of

h nmbodi f. th i . nbodi
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Enbodi menig h)o%fs & £b st WEBEERRL 1 GG r £c £ RO R o20FY & SHil@dton: of a

magneti c sensing part of @ nagnetic head (hereinafter, referred to as a

-reproducingahdieatd 0 niddl MRGITRS ief feartoivke g e iveieith niFlréspongeftay ence
character A denotes a magnetic recording nedium reference character B
denot es ahepinflvengehedddispensifanente thaeacevsed duxrdings a suspensi on

whi ch supports the reproduci ng head B fro devi ¢ce bady. Further, i FI G
2, referp 9%@%‘15?‘11 rofef aagiﬁgrf’e;‘ieé@rgéYH‘a : ‘?’?‘?ﬁ]r(g eggqu.: nm or a
spin valve film Ji&h dgi&CLie eﬁ!ﬂaﬁ%e%fti%d*%‘%ﬂ&r{é@%ﬁi&ég”b he
magneti c recording medi um and obtains a reproduci ng out puf, réeference

nuner al  2Zrgeppéesinnlabgaly’ adedrtfedt afeneidt Dgacsirgiat efeadrhen@mgnetic
' g _resistance film1l, and reference nuneral 3 denotes a hard

nraénet i c iadmenhcdedd tdi generdtenldnghteddsadfbiae amyrent supgsliistdnce
filml along its longitudinal direction and applies a magnetic field in its
IongitudﬂHhItﬁﬁr%R%?%ﬂlﬁo Thus, noise of reproducing output can be

prevented.

Also, the present invention is characterized in that
current control means for controlling longitudinal bias
current supplied to the solenoid is used as a wiring pattern
and is placed on a suspension of the magnetic head. Hence,
a line for controlling longitudinal bias can be further
provided.

Additionally, the current control means for controlling
longitudinal bias current supplied to the solenoid is
characterized by including a measuring section for measuring
an effective track width of the magnetic head, a computing
and determining section which computes a difference between
a design value and a measured value and determines a current
value based on the computation result, and a current adjusting
section for adjusting current supplied to the solenoid in
such a manner as to obtain a value determined by the computing

and determining section.



suppress Barkhausen noise. A material such as NNFe is often used for the
magnetic resistance film1l, and a material such as CoCrPt is often used for
the hard magnetic.film 3. Mreover, reference nuneral 4 denotes a sol enoid,
whi ch is wound: around the hard magnetic film 3 near the magnetic resistance
firlm1 and adjusts a magnetic field geferated by applied current fromthe
hard magnetic film 3. Reference nuneral 5 denotes a current generating
circuit, which generates current applied to the solenoid 4 and is disposed
in a preanpl i fA SfieBné@o eIl deiRgeenB! higRet 8¢ néddi 6 £orre Ipressier ence
nunmeral 7 denotes a wiring pattern which controls current applied fromthe
current geneeatiiog tsraugh thattothbenspietidc hehdnd a hardbedsasysbemn in
FIG 3 on an FPC (flexible wiring board) 8, which is placed on the

suspensi ohatisgcid @@nﬁ;hkﬂﬁaEkkmnéorlﬁdéaﬁﬁ a magnatic rkkokdi By devi ce,

“when the reprodycin B chapges.in_| d nal_.bi.as magnet at on
ratio, a MBYRE i§ i %f %9%uFbe |g 3 8@%&&%;9ﬂ4ﬁﬂ rgé €8h

-1 ongi t udi Eﬁh ?bgs pﬁqggtlllzﬁtd %n rﬁd&&o%%dc%gfﬁo%ﬁkré@aﬁédfﬁgga %degree

of a thickhess of e above IS a

conput ed Ezzsndl.rwrilmg @u%irbartaéug@lmneblalé lsléq edfitisd by ovBeied oanehe film
thickness (t3 ) of the hard magnetic film 3 by a saturation magnetic flux

density (Bakd) bdad £iflii md MEkbessmprbve mhetﬂemaaﬁ|neaggnaim¢@¢©$e t he
| arger a | ongitudinal bias nmagnetization ratio, st ronger

the hard ffighBei Eeprrfug ingudidipueffedLha ‘%P%%‘Ellée%n%Yﬂ“'E%ﬁf’ rof f| I m

FIG 4 sh etd.c .f s e I |v t B y of

| ongi t udi %\Aﬁagin%%q%agéﬁﬁ]ldzaa@d%%gl?g Sn h\éa)g,loé. 0 oéradl ﬁq al:es(’ic:ﬂegér esents an
out put vogbage g tABIAXIiT Als %%39@19@ tERS & ﬂaér&méslélleéﬂdappl ied
fromthe out5|g . As shown'in FIGS . 4 (a) and 4 is found
that in the aapeinft dasnald ﬁMmgbesdlnaprbdasungyuutpuulmnlaatlo such as
0.7 and 1.0, an abnornal part appears on hysteresis of a |oop and

Bar khauseMafBEEd 26¢c@Ts CUlERnwhi | e, as shown in FIGS . 4 (c)and 4 ( d)

, In the case I e_lon |tud|nal bi as an rati, as 1.4
and 1.7, inprd@Lﬁ%ht%ﬁg Ra&8 §ﬁbﬁqﬁﬁﬂtiﬁﬁkﬂ§ %ﬁ%rég%se |§Q%Hﬁhﬁh§§: I n
this casegjhkel %o&h&fi‘%ﬂstlobocaﬁ@félééagbﬁ ﬁaan%hlﬁedwmmﬁ@df@éneﬁeon the
magnetic resistance film 1. However, the larger a |ongitudinal bias
nagnetlzasomenbaﬁlprovhdegenhlEMetﬂErthiasuﬂmhmn af repsbdpeing thertagnetic
field response curve. Wen a |ongitudinal bias magnetization ratio is too

| arge, a Bedirn of hheomagnetienkaadiis deceensest @l deﬁﬁf%ﬁﬁ%‘bb&d&%%ﬁ
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magneti c firgkdtRRAYGRENR Rridithlidivactd®n (with G\:Hféj'd&lflguratlon,
it is possible to cancel dispersions in effective track width
resulted from the influence of dispersions in size upon
manufacturing, a skew angle, a head flying height, or the
like. Thus, it is possible to eliminate defects on the head
which are caused by a shift of the effective track width.
It is also possible to obtain a constant effective track
width.
| Further, the present invention is characterized in that
an effective track width of the magnetic head is measured
by measuring means, a current value supplied to the solenoid

is determined by computing and determining means based on



direction of the recording nmediun) by the hard magnetic film 3, which
serves as a nmagnetic domain control film , Thus, since current is applied
to the solenoid 4, a nagnetic flux is produced in a |ongitudinal direction
of the hard magnetic film3 and a |ongitudinal bias magnetic field is

adj usted. Consequently, preferable régzoﬁse i s obtained - 11 for a
magnetic field without the occurrence of Barkhausen noi se. Since the
direction of current applied to the solenoid 4 is made reversible, it is
possi bl e thhei neasasedava ldecraas e alemhgi t vainal binds tiggeatyrernt elgl.

Hence, even when_the hard magnetic film3, which is forned_ in a process of
manuf act GPRETALAeddPYi &heniFhtent ad3esbingsSPALAQM &0 i9PtAthed i
strength, it is.possible tq bri.ng the reproducing head B to a stable
_operatingd%%?ﬁwlﬁﬁgaﬁfﬁﬁﬁdﬁg%?%é%ﬂmﬂic field produced in a I ongitudina
bias direction hyfRaNT: HeddtdialY mdRiRlined rt enkor 9L 8801 tvdnt {ERDDSI ment
2) FIG 5 shows aconfiguration of a magnetic sensing part of a reproducing
“head of achagaeteeizedomny Nhdlaid ey asxecdt hygt meknisodiore e rf aafm i
present invention. Since the reproducing head is identical in configuration
to the repramuieh@heperait idns pdgneapuriagondi effeetive Heaekiwdthn t he
above Enbodi nent 1, the nggggg havi n thg me_functi.ons are indicated by
the sane ?&f ERENREBIREG EHCal Egﬁ(geﬁg%nﬂ tﬁgedﬂféﬁpﬁﬁQﬁwq?ﬁﬂ%bf i's

om tted: dﬁé@fmﬁﬁiﬁbﬁcu%ﬁ?& §ai‘?téé§'ﬁﬁ7élfg§%"}£ifgé tlohéfle oA drfiPfpduci ng

head. Ad rona € Wring pa a nmeasuring section for

nMeasur i NgpRMmEAAECHEVEhESr 86lipWitdny Gadt ddtednliatialg Jmedns heagsefpronugi ng
head H, a conputing and determ ning section for computing a difference
bet ween ameasugedvuhlieeanddaandesigadvadugs apssgoadn9l king mustentg
section and determ ni ng an optimum cur,rent val ue gg li,ed to the sol enoid,

and a curb¥mean adttheg S Un g st eARS f ’é‘pﬁlqeé'oelf%”ﬁ
sol enoid Lo, pBL! Dadul M f3kn/BhyE 8hE1HAER idh | RMGPIEHE il AEEls

: c .
det er mi ni g SEcti on: wn'in a magnetic resistance film

1 in the yeginkhY rek e dhajek iwametigcki b BhacChugnlet inctedtesding
reproducing filminert region 9, which cannot function as a reproducing

sensor bemedisemef thiee exeduieitor méamaghet readf puth and el segfes i@ffilm 3

(a spindle filmin sone cases) .. An effectivg track width is arrgéﬁd
because tPREFBpiBASCRRE FI¥FHPAMUL v eJitIP 0 tASNREECFLAYE BRAGK W LkRsor .

For this rfgﬁﬁg}m%g%eft% %vga@ffegﬁlgggehg suitably perfornmed by using the

W ring pa? Pring an e rack value to a design val ue.
Nanely, an effective track width of the reproducing head B is neasured by
t he measuring section, a difference between a neasured value and a design
val ue i s Bpipfit Peésky ifphte coonpfutD naw Bmgls det er m ni ng section to detern ne an
optimum current value, -and current is adjusted by the &Errent justing

section to obtEf®- al dé®ePnihed Sc GHrdRt Urd el * AhRY y S CHABA AT € ect i ve
track m‘déﬁo&?ﬁgsatﬁﬁ£ﬁééﬂgjiégording device according to Embodiment

1 of the present invention;

FIG. 2 is a structural drawing showing a reproducing head
of the magnetic recording device shown in FIG. 1;

FIG. 3 is an explanatory drawing showing a wiring pattern
serving as current control means of the magnetic recording
device shown in FIG. 1;

FIG. 4 is a characteristic diagram showing a
magnetization response curve when a longitudinal bias curve

varies on the reproducing head shown in FIG. 2;



current is applied to the solenoid 4 to increase the reproducing filminert
Tegion 9. Wien an effective track wdth needs to be larger, reverse current
is applied to the solenoid 4 to decrease the reproducing filminert region

9. The above operation nakes it possible to nodify an effective track width
ctose to- a design value. An effective8track width is varied due to

di spersions in size or the like caused during manufacturing and due to the

i nfluence of a skew angle, ahead flying height or the like. (Enbodinent 3)

In order to brpng, aigfd seruveuradciriwihl dowings gepyraldueing hdad
reproduci ng head of the magnetic recording device - 13 described in the
above Enbodnetntuindha fmddroed hg veperadiogs devd gserdatamding ®Oprocess of
shi pping the reproduci ng head to a factory. The nenbers including the

repr oduci Bgbpdimente 2 if dhePESSERE IBWENtdPrience nuneral s as Embodi nent

2. As sh i fl h f. Fl 6, I ol L A . ad

Carget 1 rack TR n erips L8P RAGE <t prBIE gl p Haddd urdfedifsgm = on

2 maxi mun pllyt (G WY thaflelid FREsHEAA! Rk ddbdddiRgresach ! rack
ordi ng medi u

of a magnetic rec A, a reproduci'ng head reads an burst and a

B burst, mphibehihevne eyt Whd tiphedbene saveattivagk witer in advance
conmparison is made on outputs of the A burst and the B burst, and a track
center DO is sBIGat7 dspaiwaverfarmn chaduspewd ngr shagubhe reprsyiucypg) and
7(b) show waveforns, which arfbforged when servo information is read by the:

reprodyciHﬁaﬂegﬁ?dﬁnﬁqﬁﬂﬂxl? ymatiansd ABfent data is written using a
recording headygt ag pi’é'é'PQ?%dEE‘inyr 6&39%%”%?%'1?&&1591@ aPa8Phm a 2T

pattern is used for a Servo frequenc exanple, in the case of a 60- Mz

servo fregHewivig ehhepehétiverd@lic €hg wdad sMEts sSinval TPEnditec#dona

regi ster of an off-track nunber is set at | = -N, a reproducing output is
set at Ep = 0, and an off-track value at the peak of a reproduci ng out put
is set at jp = -N+1. Further, a curreghedirectiqn of the solenoid current

amount i PeS§elMode 49T SsHatR% Pyt #6MVEN R oduci ng head B opposi ng
the magnetic rfgfégkgggngg'&Pé@ihasgf£hérf8ffgw§¥gawgi§tQEESrQbe the

detail of the embodiments of the present invention.
(Embodiment 1)

FIG. 1 shows a schematic configuration of a magnetic
recording device according to Embodiment 1 of the present
invention. FIG. 2 shows a configuration of a magnetic
sensing part of a magnetic head (hereinafter, referred to
as a reproducing head) of the magnetic recording device. 1In
FIG. 1, reference character A denotes a magnetic recording
medium, reference character B denotes a reproducing head,
and reference character C denotes a suspension which supports
the reproducing head B from a device body. Further, in FIG.
2, reference numeral 1 denotes a magnetic resistance film
(an MR film or a spin valve film) which detects a change of
a magnetic field from the magnetic recording medium and
obtains a reproducing output, reference numeral 2 denotes

an electrode for transmitting a signal of the magnetic



fromthe track center DOin a TPl direction ( radius direction of the
Tecording nedium, and positioning is made at a - 14 position D=D1
(witing position.of nmeasurenent data, i.e., displacenent fromthe track
center DO + j x d. In #7~ a reproduci ng output E of the neasurenent data
I's nmeasured at . the position D. Here,? st nce the neasurenment data is
witten - at the track center in the present enbodinent, D1 - O is
obtai ned. Next, in #8, the neasured reproducing output E is conpared with a
r epr oducips 08t Mmée EPi Tm0.1 ,Waingh resf eéx siede Viim€ralln3t Henotee shévard he
measured value is larger than the set value, the reproducing output Eis
stored asnagretic filmeviErivfis ddspesresdon hgtbuepds ¢ tHE naghedric
off-track value jp at .this nonment jis stored as,a set ,value j of an

radl.’iﬂci ng

of f- tracl@%&ﬁ)"é@nc’?nfﬂ-l}r@ dagd Mkrids ]rfb‘é%h\:‘éﬁlvéﬂugl&ec&llo@p
output i, 3 %r% thﬁh?.csq:tle\ﬁ]% L.‘S-x Al ?Jﬁﬁ!;?l:uﬁgh ‘;'gli?e $ {0 g ned.

Subsequerﬁﬁ € set 'va and rac are conpared
“Wi th eacf},dﬁ[ﬂ%ss 'ﬁhﬁl@ﬁa&@éﬁ NOEsE, ”]@m%@ifer\/laelll%dcﬂ SsSWBRLEfs dfteret
value j is i ncreased only by 1.in #11, and then the operations of #6 and

| at er ar exgead ricad thd malgneitie resd siagoe tfHdnmsat, aadue njatiexriak garchin #12,
a maxi mum reproduci ng output EP is detected when a reproducing output Eis
at the paek GeCxPbwasi AfreG wWedAfax fthe derrdnBaanetie i 1an Sout er

peri pher al dlrectlon and off-track a i n_an . nner pe p eral
direction areMP&EEMy FAHEFICE r”é‘&?’?ﬁgg itie‘l*%eéo‘?rs dy &k

reproduci;ng Rgmrp&t f&@&d {‘.‘/ﬂécﬂa a ﬁgcﬁ@ft 16N 1 XML e R %'#% put

poi nt EP. conmput at1 on effect Ive track w dt i ch -
15 is defddiask@sce ﬂuﬁlancaand)@tdmﬁsté fv&nﬁg‘né&mlfﬁmwrg@é&\ﬂt@dldaﬁw. And

then, in #13, determnation is made if the effective
applied current from the hard magnetic film 3. Reference
numeral 5 denotes a current generating circuit, which
generates current applied to the solenoid 4 and is disposed
in a preamplifier 6 (or near the preamplifier 6).
Additionally, reference numeral 7 denotes a wiring pattern
which controls current applied from the current generating
circuit 5 to the solenoid 4 and is placed as shown in FIG.
3 on an FPC (flexible wiring board) 8, which is placed on
the suspension C such as a plate spring.

In such amagnetic recording device, when the reproducing
head B changes in longitudinal bias magnetization ratio, a
magnetic field response curve is varied accordingly. A
longitudinal bias magnetization ratio is an index which
indicates a degree of a thickness of the above magnetic domain
control film and is a value computed by dividing a saturation
magnetic flux density (Bs3) and a film thickness (t3) of the
hard magnetic film 3 by a saturation magnetic flux density

(Bsl) and a film thickness (tl) of the MR film 1. Therefore,

the larger a longitudinal bias magnetization ratio, the



track wwdth TWis equal to. a track wwdth TWO, which is desirable on

desi gn. Wen the effective track wdth is not equal, a solenoid current
anount i is changed in #14, and the operations of #5 and later are carried
out. At a current anount having an effective track width TWequal to the
track wi dth TWO, which is desirabl emohOdesign, the operations are .
conpleted. As nentioned earlier, it is possible to find an opti mum anoun
of current applied to the solenoid 4 corresponding to each track of the
magnet i ¢ g gentHediawd faghddiiti DDdhl Y, wividrbealvesnasd maknedricent
applied to the solenoid 4 may be determ ned for each track of the magnetic
recor di nglamafinne@ntrodr diidm.to a current anmount obtained in the above

manner . O an anpunt .current nay be deternined for each trac r.oup, which
i s conmposed of@§1MQHQHQW%/%ﬁmﬁggémkcaﬁ+%LgLHGFHOBF&eF“FV§nF§ﬁ4£ﬁv regi on

‘to an i nq:eor ar %g:r%g%t% gitfﬂ%og%g.'%%tdii areia | Hngglﬁ%%i%ﬁom%%g & A' the

magneti c Tecor executi'ng neans “such “asa programis placed in

a menory 4y r&f“oﬂiiﬁ@’é@sdﬁé?ré@%%- aRNBuRPALU 1S SRARME AT i85 OUt the
fl ow of conputing an amount of current applied to the solenoid 4 in the
above namnErabséidisabi septresegeren nddrettkecfiiebd apapided froeadhevery
time the reproducing head B shifts to a desired data regi on of_ the magnetic

recor di n@utetiiden A AT Fhewe 1 BHeS sdt ehbiand 4(hp, it jis fqund ddhagnd an
effecti Veir{ rt%cekc\gis%t nga\leimsalbf a%%rgitcdé)fr?af %i%sd?n%ig%rtletviazla “fon ratio
such as 0.7 and 1.0, an abnormal part appears on hysteresis
of a loop and Barkhausen noise occurs. Meanwhile, as shown
in FIGS. 4(c) and 4(d), in the case of a large longitudinal
bias magnetization ratio such as 1.4 and 1.7, improvement
is made such that Barkhausen noise is eliminated. In this
case, it is understood that single magnetic domains are formed
on the magnetic resistance film 1.

However, the larger a longitudinal bias magnetization
ratio, the gentler the inclination of a slope on the magnetic
field response curve. When a longitudinal bias
magnetization ratio is too large, a sensitivity of an element
is deteriorated and a reproducing waveform is smaller and
less sharp. This is because the movement of a magnetic
substance of the magnetic resistance film 1 is restrained
by a magnetic field produced in a TPI direction (in a radius
direction of the recording medium) by the hard magnetic film
3, which serves as a magnetic domain control film.

Thus, since current is applied to the solenoid 4, a
magnetic flux is produced in a longitudinal direction of the
hard magnetic film 3 and a longitudinal bias magnetic field

is adjusted. Consequently, preferable response is obtained



- 17 CLAIM5S 1. A magnetic recording device conprising a magnetic head (B)
using a hard bias system said head having a hard bias film (3) for adding
a magnetic field to a magnetic resistance film( 1 ) in a |ongitudinal bias
direction and for controlling a nmagnetic donmain, characterized in that said
hard bias film (3) includes a solendi&1(4) for adjusting the magnetic field
running in a longitudinal bias direction. 2. The magnetic recording device
according to claim1, further conprising a current generating circuit ( 5)

near sai dfgRgaehhgnbeded (Bleld wgerles et ethengetudireakebiofs Barkienisequppl i ed
to said solenoid (4). 3. The magnetic recording device according to claim
1, whereimotseren$inoat tbe diaestion cohtewrieny appgieddiralthisi as current

supplied to _said solenoid ( 4 ) is a mﬁring Eattern,%&% pl aced on a
suspensi ofolenodd 4ail MadREYHetPI®) . 1k 19hBORES &S SRS device
“according_t laim. 1, wherejn .sal r 1, or controlling
Iongitydi%%ﬁ gfggeéﬁFrgntéiﬁ%ﬁéééh%% %g?é gggéﬁgﬁgn?z%iikﬂudes: a
measuring Sectjdld PlvRATHEN hARaPlREIhE1 & Fa0 34 diflch TW/go:afesal d
magnetic head ( B ) ; a conputing and determ ning section which conputes a
di f f er encen betpwere sis nef s edf yat ueinmgasuheddhyis heh hftedrimgs 5zetdmon and a
design value, and determnes a current value based on the conputation -
18 resul is andegudair ént magpestion§tyenatdh fidy i&djneasikle tr? K1 ppl i ed
to said so] enoid gdﬁg) in su%g a manner aﬁﬁto obtain _a current, val ue

det er mi netPBy T ERFHIUGHRR MRFAR Het2ritAPAG SBEFASAN % PO R ethod of
st 1058080351 8 BERASEAE HithL s e g b 0|
a | ongit ugdipatthbas b§i e B oentoappllikdngoa tiveyretliendtioded n,
characterized by controlling current supplied to a solenoid ( 4 ) provided
on sai d h&Ewbpdamenit| 4)(3) so as to inprove |inear responsiveness of a
reproduci ng OUFEPCl;J:[ SOfshSc%;sd anggpl%tiig%rg%al%n of a magnetic sensing part
of a reproducing head of a magnetic recording device according
to Embodiment 2 of the present invention. Since the
reproducing head is identical in configurafion to the
reproducihg head of the magnetic fecording device described
in the above Embodiment 1, the members having the same
functions are indicated by the same reference numerals as
FIG. 2 and the description thereof is omitted. Refer to FIGS.
1 and 3 for the members other than the feproducing head.
Additionally, the wiring pattern 7 includes a measuring
section for measuring an effective track width (detailed
later) of the reproducing head B, a computing and determining
section for computing a difference between a design value
and a measured value measured by the measuring section and
determining an optimum current value applied to the solenoid,
and a current adjusting section for adjusting current applied

to the solenoid to obtain a current value determined in the

computing and determining section.



( B) by neans of a magnetic f field appearing on said solenoid (4). 6 . A
nmet hod of adjusting a magnetic head ( B ) of a hard bias system having a
hard-bias film( 3 ) for adding a magnetic field to a magnetic resistance
film (1) in a longitudinal bias direction and for controlling a nmagnetic
domai n, characterized by controlling diér rent supplied to a solenoid ( 4 )
provided on said hard bias film(3) so as to increase or decrease a
reproducing inert region (9) of said nmagnetic head (B) by neans of a
magnetic fi el dagitasin Nich PIGaisg aomegaed ic4resandanarey faimelf ntilve track
width (TW. 7. The nethod of adjusting the magnetic head (B) according to
claim6, Vicihétycofprihs mpndanageeeiof film 3. acguaddas kndudss nasuri ng

neans said effective track width (T of said,magnetic head (B);
deterniniH@PEOQ&F&@Qﬁf%%ﬂr%ﬁﬁr%uéﬁgg%ﬂ o ?gFggsﬁﬂﬁﬂﬂQi{hﬁéﬁéb%d%%uting
"and determ nin ans b n ur I a
desi gn v‘a?u]é?pgﬁgsg&ﬁtgr g?ﬁgﬁg tb%grgg%?er éﬁf t\tg‘;a/e gﬁ‘r%%%fspﬁ] ér(r%gér}g to
-obtai n the, dgter STHEH GignRtti &/ #ide 38¢a AP 6 IS Qr 8bhe disksim
cont ai ni ng executing nearis for executing a series of operations of:
nmeasur i ngaaregféetiveet tack widtd Hs( A roved begaesect heategB)dbyimeans of

measuring nmeans; determning a value of current supplied to a solenoid (4)
by conput fhimasdeddt aedifgmhd eamrobalBACEACR ABadufER SR ue neasur ed

o a2 e O Y2 e H i d D SeE SO 6 TR current
performed by using the wiring pattern 7 to bring an effective
track value to a design value. Namely, an effective track
width of the reproducing head B is measured by the measuring
section, a difference between a measured value and a design
value is computed by the computing and determining section
to determine an optimum current value, and current is adjusted
by the current adjusting section to obtain a determined
current value.

Namely, when an effective track width needs to be smaller,
current is applied to the solenoid 4 to increase the
reproducing film inert region 9. When an effective track
width needs to be larger, reverse current is applied to the
solenoid 4 to decrease the reproducing film inert region 9.

The above operation makes it possible to modify an
effective track width close to a design value. An effective
track width is varied due to dispersions in size or the like
caused during manufacturing and due to the influence of a
skew angle, a head flying height or the like.

(Embodiment 3)
In order to bring an effective track width to a design

value on the reproducing head of themagnetic recording device
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10'D10%&K0&)Jihd07@BﬁQéﬁG%&wéﬁeforms, which. are formed when servo
information is read by the reproducing head.

And then, in #3, measurement data is written using a
recording head at a position of the track center DO. At this
moment, a 2T pattern is used for a servo frequency. For
example, in the case of a 60-MHz servo frequency, a repetitive
pattern of 15 MHz is written.

In #4, a register of an off-track number is set at j =
-N, a reproducing output is set at Ep = 0, and an off-track
value at the peak of a reproducing output is set at jp = -N+1.
Further, a current direction of the solenoid current amount
i is set in #5.

Subsequently, in #6, a reproducing head B opposing the
magnetic recording medium A is off-tracked by a distance d

from the track center DO in a TPI direction (radius direction

of the recording medium), and positioning is made at a
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L'_109@ﬁngpmg@mg@pg)ougpgggﬁqgﬁ(ghq@myasurement data is measured at

the position D. Here, since the measurement data is written
at the track center in the present embodiment, D1 = 0 is
obtained. '

Next, in #8, the measured reproducing output E is
compared with a reproducing output Ep = 0, which is a set
value. In the case where the measured value is larger than
the set value, the reproducing output E is stored as a set
value Ep of the reproducing output in #9, and an off-track
value jp at this moment is stored as a set value j of an
off-track number. In the case where a measured value of a
reproducing output is smaller than the set value, an initial
set value is maintained.

Subsequently, in #10, the set value j and the track number
N are compared with each other. In the case where the set
value j is smaller, the set value j is increased only by 1
in #11, and then the operations of #6 and later are carried
out. |

In the case where the set value j is larger, in #12, a
maximum reproducing output EP is detected when a reproducing
output E is at the peak as shown in FIG. 8. Anoff-track amount
TW1 in an outer peripheral direction and an off-track amount
TW2 in an inner peripheral direction are detected. The
off~-track amount TW1 corresponds to a reproducing output EP/2,
which is 50% of the maximum reproducing output point EP. And

computation is made on an effective track width TW, which
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equal, a solenoid current amount i is changed in #14, and
the operations of #5 and later are carried out.

At a current amount having an effective track width TW
equal to the track width TW0, which is desirable on design,
the operations are completed.

As mentioned earlier, it is possible to find an optimum
amount of current applied to the solenoid 4 corresponding
to each track of the magnetic recording medium A.

Additionally, an actual amount of current applied to the
solenoid 4 may be determined for each track of the magnetic
recording medium A according to a current amount obtained
in the above manner. Or an amount current may be determined
for each track group, which is composed of a plurality of
tracks arranged in order from an outer region to an inner
region of the magnetic recording medium A.

Meanwhile, in the magnetic recording medium A, executing
means such as a program is placed in a memory in front of
each data region. The executing means carries out the flow
of computing an amount of current applied to the solenoid
4 in the above manner.

With this arrangement, the executing means is read every
time the reproducing head B shifts to a desired data region

of the magnetic recording medium A. Current of the solenoid
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1. A magnetic recording device comprising a magnetic head

(B) using a hard bias system, said head having a hard bias

film (3) for adding a magnetic field to a magnetic resistance

film (1) in a longitudinal bias direction and for controlling

a magnetic domain, characterized in that

said hard bias film (3) includes a solenoid (4) for
adjusting the magnetic field running in a longitudinal bias

direction.

2. The magnetic recording device according to claim 1,
further comprising a current generating circuit (5) near said
magnetic head (B) to generate longitudinal bias current

supplied to said solenoid (4).

3. The magnetic recording device according to claim 1,
wherein current control means for controlling longitudinal
bias current supplied to said solenoid (4) is a wiring pattern

(7) placed on a suspension (C) of said magnetic head (B).

4. The magnetic recording device according to claim 1,
wherein said current control means for controlling
longitudinal bias current supplied to said solenoid (4)
includes: a measuring section for measuring an effective
track width (TW) of said magnetic head (B); a computing and
determining section which computes a difference between a
measured value measured by the measuring section and a design

value, and determines a current value based on the computation
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5. A method of adjusting a magnetic head (B) of a hard bias
system having a hard bias film (3) for adding a magnetic field
to a magnetic resistance film (1) in a longitudinal bias
direction and for controlling a magnetic domain,
characterized by

controlling current supplied to a solenoid (4) provided
on said hard bias film (3) so as to improve linear
responsiveness of a reproducing output of said magnetic head

(B) by means of a magnetic field appearing on said solenoid

(4).

6. A method of adjusting a magnetic head (B) of a hard bias
system having a hard bias film (3) for adding a magnetic field
to a magnetic resistance film (1) in a longitudinal bias
direction and for controlling a magnetic domain,
characterized by

controlling current supplied to a solenoid (4) provided
on said hard bias film (3) so as to increase or decrease a
reproducing inert region (9) of said magnetic head (B) by
means of a magnetic field appearing on said solenoid (4),

and vary an effective track width (TW).

7. The method of adjusting the magnetic head (B) according

to claim 6, further comprising the steps of:
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(4) by computing and determining means based on a measured
value measured thereby and a design value; and
controlling the current by current adjusting means to

obtain the determined current value.

8. A magnetic recording medium containing executing means
for executing a series of operations of:

measuring an effective track width (TW) of a magnetic
head (B) by means of measuring means;

determining a value of current supplied to a solenoid
(4) by computing and determining means based on a measured
value measured thereby and a design value; and

controlling the current by means of current adjusting

means to obtain the determined current value.



