;rse3denj $"6T2I NI MAGNETI C RECORDI NG DEVI CE, METHOD OF ADJUSTI NG MAGNETI C
HEAD, AND MAGNETI C RECORDI NG MEDI UM Techni cal Field The present invention
relates to a fixed magnetic recordi ng devilce, a nethod of adjustin
magnetic head, and a magnetic recording mediumin eIectroniﬂWﬂH“Uﬁﬁﬁﬁmm“,J
Background Art In recent years, regarding a fixed nmagnetic

device, a faster read/wite charactefLst.l een required as*msibear ge
recordi ng density has been further déﬁ%hgggﬂgégfy year. A reproducing
system needs a higher sensitivity to a magnetic flux than ever before.
Currently, in many cases, a nmagnetoresistive head (MR head) is adopted, in

which a repnodue gc ®REGOKD UREDIOLCEIE PEMI OIPOR 2D pesTphene cspeed AL,
magneti c recordi ng medium Nanely, a head of a reproducing nmethod using

so-cal | ed magnet oresi st ancANDs MAGNEEIC RECORDANGMEXIEMNnal magnetic field
changes its electrical resistance. In the future, the trend is expected to
shift to a GWR head, whose reproducing efficiency is inproved by allow ng a
multilayer fjilmtp forma_.sensor for sensing a magnetic flux. As the GWR
head for préﬂcﬁt‘irpt%c ie?‘lslepi n valve filmhead is applicable, in which a
spin valve is us ik foilm_ser il i i Qg part.
The GWR/ i nducti vgﬂggkﬁnﬁﬁe%@;?étégn |Izeﬁlréé%é1%u€§ tghgtq géﬁ@%}wﬂr ten

usi ng - ZedbrEPIN§MeweE , tdimefhddNdead st Tf & magrRadidhdsd Nenkhe
GWR head, which is disposed next to the thin filmhead. Nanely, the GWR
head i s use@ fmagret ycr radomd iagd nexd imar iot el ezéd onia ezlygei pgenhe

i nfluence of the adjacent track when readi ng, because an obtai ned
reprjoduci ng output is considerably larger than that of the thin film head,
t he reprodugkn 0 téﬁ% gpgs not depend upon a peripheral speed of a
magnetic di € ﬁlng track wwdth is smaller than that of the thin

filmhead for wirhi R@cfd JdlSs | eRS9Ardiig QNBiW@ajﬂyghé¥%ﬁ‘ﬁ&é@%ding
adopted as an HDD head. However, since the GVWR head reduires bias curreént
accordi ng tdemiceppearfdstgrpreadi/prdtel thasaneeedisric haspbeeantequired
deformation on a waveform of a reproducing signal by optimally controlling
bi as currenBs fnkivgatresgrdingndensityrhpsdeesnchiathercdamandedeveryl ve

fil mhead, which til fil ti ing. t, i t
nio pract | FAPRIseR ERBTRACAT AR CHRR TR i d Aheh HORF LP4BRYH P

:: 29' € mg”ﬁ%ig%e&‘l@ifl&fftﬂfeeﬁ@iBgfé%ﬂm é‘%lg:rrpe?fts.lj e fRgnety o ddddn I
gl e magneti"c domains are not torned on the free-side magnetic
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
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film an external magnetic field causes variations on a waveformthat is
cal | ed Bar khausen noi se, resulting in signal noise. Wien single nmagnetic
domai ns are fornmed on the free-side magnety ¢ film Barkhausen noise is
elimnated and preferable reproducing output can be obtained . As a nethod
of form ng single magnetic domains on a magnetic film a nethod of

di sposing a magneti c domai_n contragl filmon an end of a magnetic filmis

avai | abl e. A& UrVenbipagdetindngdridim héstt adid 1data i3 FeagdyipsEngdthsge
exchange co | ng of an. . Substitute Shﬁet -2 Julel
e

antiferrom i e‘-f’?ll’mWM o-§ A HPEPRAGHRe RfRInd ¢ rﬂ%g’gﬁﬁgg)lgﬁl&ll}ﬁga% _
magnetic fi ag?éjr:gr dtnba%ﬁm g%n?;sggrrf%r}ergn]f@?ﬁgg%é e%%fdog_gsnalt i's

under st ood t ferial s an guration o efic in

control fil Brh@f&rdzEleb Pasddisd O fl e Rh fllQle ey 8IFOPh 8 G B SPL At Hake
filmhead. However, in case of formng a head using a hard bias nethod, a

magnet has bewm froea@ingyr derarssecdy dbtaiseda napmddpeing batpueens
decreased every year. Thus, dispersion in lots is not ignorable that are
resul ted fr @anfiidexablyldagmassesthannthat. ofutihferthighehiimehgaghetthes t oo

strong, the GWR near,the magnet s dead. wever, once a perpanent nagnet
is install edSBY ‘b?b’&gsguﬁg’“%oflr‘?ier‘f’g né’q't ﬁ??‘frﬁp%d?fl?%g%? ﬁr@&nﬁﬁe%ﬁie
made. Hence Gh T C t : i .t i a
repr oduci ngofggﬁgéﬂﬁlégil%;?ég}k gﬁ!ﬁf‘?e ?%)}r(w\?g&dey gﬁ'%@ltles{ @&%l@}e&é%ﬁ%
i nspection, the bePtRAUERNE NERfl Head daectad taint di S ded Ased sl tXe
conponent. Therefore, it is necessary to develop a techni que for nmaking
fine adjust oot head chds adokeni dildelFhadopasshtas rarerHbDnhésddeviiswdves,

address or 20 aneliorate the above problem or to at |east provide a_useful
al t er nat i veSi8G@mde ofMRhBerAy &RGUIFeS bhes pFREERNt ARGy dENGrboi 468 a
magneti c recordi devi ce conprising a _mgnetic head (B) usi a_hard bias
Syatem sai GBREAT A B RCPRYGr bt Aok T 6 TR T AL AGHOTTEE 1PBI ¢
to a magnetbg 4 GakvEAIGE off ' Qg dabgalp 0l fg diesid f or
controlling g&{naglr‘{e%{l o 38fldgcl)?aei(pr]{?0dadbs€?%ng?jdﬁ (4) S}pr%vi di(ljg%/rl&g%]ggkg?ﬂgbi as
film(3) andiadj estrirent bhe nmagnetic field running in a |ongitudinal bias

direction, and a current control neans for controlling  Substitute Sheet -
2 July 2003 -4 | bhgideatddilhi atheurihetGNR JpradBUdh RS dtke| prve sEin

charact el 26l RSk S U SO R L B Sy el 1
(B); sensing part, is put into practical use, the most important
challenge is to positively form single magnetic domains of
NiFe, which forms a free-side magnetic film. 1If 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



5 a conputing and determ ning section which conputes a difference between a
.measured val ue neasured by the neasuring section and a design val ue, and
determ nes a current val ue based on the conmputation result; and a current
adj usting section for adjusting current 10 suppl i SdbstitytesShegt shodubgfi0d (4) in
such a manner as to obtain a current w&ue determ ned by said conputing and
determ ning section. Wth this configuration, even when sone di spersions
are found on the hard bias filmin a head process, it is 15 possible to
change th [ f .t.he [ i ' LN oun .current
applied ?gtﬁg%s@%?r% glle&,p‘%anfd]ggﬂ e ec%#v?ogﬁaggiw%%hgncaygleg:;w/a?f)g%ﬁgﬁi n

si ze. Hepoeusing Sa passhét ect diefer attmml repaodmethgdheadt ai pepmhnkniiavi ng
t he best reproduci ng out put on a magnetization curve or to 20 adjust an

ef f ecti vBagpgEk wiTHerehere af £6r LfatidRAINGIY ERatr 8ptSducilfy aeddthe
Conseque T 0ss¢bl.g to i i el in S

reliabil ?Fb¥%9hgagr§fj\gle %{/ ggjgor%%ﬂgéglygpgdr%{éaglnrg ggggtgﬁlng&\[/\%gn%[rﬁde RE&d i s
manuf act yhedmobUr sheh.i fliicaear foasplesilgiess £apihe vaprevedim2he¥dth this
configuration, the magnetic field in a | ongitudinal bias direction can be
kept at an opHPWENEVal v&* FRES, 9f ferpdsei B eheddi Miige fi hegd bias

esponsi yguss o, antERLAAUL N0RBULPWoled hoTRINSILE: bepd ARl 4aopgrate

t he magnefic at poi nt  having the best reproduci ng out put on a
magnet i zakraok putwvd hHzrefar edeecvenseficavehy lyard .bi athds | nbaseasion

di mensi onal _deviation, the fil eing fornme d in rocess of puf act uri ng
t he head,lnor:L.C?tTFtﬁﬁ &Rint laporgggﬁst‘%iatﬁ ga§ﬁee‘fe_s-€]2g9‘gl frﬁbﬁgflCUEt .

di spgpsi BPéchSSté&ﬂﬂE& of apuBgnet, Wwhehs PRSSRRED PEingd h§tP@H§,et' c
head to a stable operating point. Further, it is possible to adjust an

ef f ecti veher &R wisdizh ofe t negnegnétsi cldeshd alHdwevernpdionce e péfmanene

t kK width ip 5 to the infl f_ di [ ' [ d
dur i ng' rEAEREE: ohd nARSREAEY aihl @ WRGSAS! I9h noORBAGH: Br HHE | FREM:

Mor eover molineidavied Preisnabl y dacl wdaes.a cur mriceggenenalierd Chi&ybhtenear
the magnetic head to generate 10 |ongitudinal bias current supplied to the

sol enoi d¢iFHUBSLADCSE  ofwhadpr 8BUETFRadut PR CEaivish lprefert eterrpdteiadl v,
curregt ﬁggér ol M %@efl?(r 88%%5' ;{E?:eré Ogg'%é'lglsﬁ'%l N ercugq:enéh%é#gglll{:ed to

the solenord i's used”as“a wring p n-an | aced On a ‘suspension of
t he 15 nagepeceibaad.tidencepraduiciagf dieadntisol deé et ©dgiahddi dbscdtrdedcan
be further praovided. Additional Ij)r(l_Il the current control neans for

control | fig?l SAGIUYHIGRIPBISRE cutreFRIQtHp! L Bdifo NEFESSAThFQ §_velop
char act egi I,aclepdi I ; | j n
5 %@ghﬁx%hg ed ﬁgk"in%@‘ﬁe! %@Hg\%gfrdé?{tg QUn rﬁ_eaéi'gélggwd%?%}?m i ng

effective trac th of the magnetic a conputing and
section whi chThenpuresentdi f faventéobet ween desésiegn viab ue adddes smeasur ed

I d det ' t | based th tati | t, d
curr Rt BB GLPFAG SsebEForr POFS ad 1 Hly o i sdppl FEGSFo PREVICS 3

useful alternative.
Summary of the Invention

25 The present invention provides 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

30 domain, a solenoid (4) provided in said hard bias film (3)
and adjusting the magnetic field running in a longitudinal

bias direction, and a current control means for controlling



25 solenoid in such a manner as to obtain a value determ ned by the
.conputing and determ ni ng section. A nethod of adjusting a magnetic head
according to one enbodi nent of the present invention is such that the
magneti c head of a hard bias system having a har d SubstuteiSheet38 Jfilg208%di ng a
‘magnetic field to a magnetic resistance4fil min a |ongitudinal bias
direction and for controlling a nmagnetic domain, is characterized by
controlling current supplied t o Substitute Sheet - 2 July 2003 -6 the

sol enoi d k - t he, har i i lslq:ﬁ:ﬂ tQ i e L near
r esponsi vgégé%ggglﬁ%% ?%%)?%dﬂcc&nlga%%t put o laf%e%r?ag%é??éc %ggﬁhgggméﬁé’of a
magneti ¢ ¢herdcappeaectdngnonhthbe sadbentirdeny tdoriticl cwdngurahpohsest s

possible to 5 operate the magnetic head at a pojnt havi ng t he best

repr oduci ng out piEESTHEL Mg SECELRN oRCE urRASWHE Sr &deneIfRGEAVEONt F&FKher
provi des @; h f jad] [ a netl d (B) of a hard bias system
havi ng a ‘ﬁ%ﬂ‘?@ﬁb?ggpf ?ijs%%? P%? Sgg?ng‘reé‘%m@éu c field to a nmagnetic 10
resisténce filan (cmput imd oagidt udenetmbhaagdisectian atd dor compurtels i ag a

magneti c dprr?i n, characterized by controlling current supplied to a
sol enoi d ¢45 LBFEUFBed REFHEET hdr d G489 m (’Si‘@o dREIPITeEr ed¥e oFhe

decr ease rﬁeé&@f?ﬂgd%@c%%ﬁt 1891 on (@ésf$1asa\;éjl£@9ne%ﬂ§ heade LRI ndY 13
means of a nmagnetfc field appearing on safd solenoid (4), and vary an

ef f ecti vectiraekt wdl he( ByedWohhthki soopuftiagurcet iresulitt; iandgossible to
cancel dispersions in effective track width resgl ted fromthe influence of

di spersi ons i ntsi SBTEEBH mAMIFESEERS nFeR-s%ew 58% anGrd Ut idhd FHYTHYE

heightg oguppeitbkeo Baus dd1drioR0sshbl ent ¢Rld e nakendef get T Pohdigi head
whi ch are caused by a shift of the effective track width. It is also

possi bl e @ocebranh yadowstdebersfingst ke $aiadkcamguhingr aéhet alsternining
enbodi nent _may_be further characterized 25 in that an effective track width
of the ma%%%ﬁ/%nhead i s neasured by measuring neans, a current val ue

supplied to theisel eAdkdconfdeieatined byveonphéhngomad ARy MY sLans
based on the neasured val ue and a desi_gn val ue, and the current is
control | efowpdt e clihenthag@ udiingg Sééf oAt 0230heddai Pracedser ni hedis

currens vallepibe 4y eéggaagnvt%t ' 88 EHGERCT o P @Yol BN §14 RO N
g executi ng nmeans tor executing a
adjusting an amount of current applied to the solenoid, and
an effective track width can be variable in size. Hence, it
is possible to operate a reproducing head at a point having
the best reproducing output on a magnetization curve or to

20 adjust an effective track width even after manufacturing the
reproducing head. Consequently, it is possible to improve a
yield and to increase a reliability of a drive by absorbing
dispersions appearing when the head is manufactured.
Further, linear responsiveness can be improved.

25 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

30 on a magnetization curve. Therefore, even when the hard
bias film has a dimensional deviation, the £ilm being formed

in a process of manufacturing the head, or in the event of



Substitute Sheet - 2 July 2003 series of operations of: measuring an
.effective track wwdth (TW of a magnetic head (B) by neans of neasuring
nmeans; determning a value of current supplied to a solenoid 5 (4) by
conputing and determ ni ng neans based on a neasur eubstilteShemad dulg@0@her eby
and a design value; and controlling thescurrent by means of current

adj usting neans to obtain the determ ned current value. Wth this
configuration, when the magneti c head shifts 10 to a desired track of the

of oper il SRS ERAr TRt shES e FaE. % MG 1 §el BT ReRdiplEh oY HeRdd *°

magnetic mﬁadna?n@dtmh@dd ko Bii et abeechbpRira®iref gt NgsFolkGhel i si®
whol e structural draw ng schematically showing a magnetic recordlng deV|ce

accor di ng & o FEASGRIRentta FAIURE pragsemt hanréitg ok ramk FMGAEh | 9% the
structur ‘%la\ﬂgtl 4 cglgée% OV\TI]’_'T]Q% q:éi' eRanEgXBt[gnQeae‘%ng Cﬁt’lhﬁe ”@9%5{' wi&ER' dir?g

devi ce sho is an anatory aw n mnng a wTr
pattern se8PciEasS td Citheentin€d0knhek rmﬁnSdpépéhgwngnetmc glexmrttialwses@w ce
shown in FIG 1; 25 FIG 4 is a characteristic diagramshow ng a

nmagnet i z&4GMg @%ﬁgé%ﬁﬁ‘@gm@n SO RELET nal hﬂ% Elyieg ngP§§torPlt he
reprodumeﬁ%t¥¥¥%shomn in FIG 2; g _FIG 5is a structural draw ng
showi ng a reproduci ng head constituting a magnetic recordi ng device
according to Mbwdwent ZXiod tdeviresepmtefaveblyoninElGdes i & aclraweitart

for explaining a change in effective track width of a magnetic recording
devi ce a&ﬁ54£§ﬁ}QQ)E§b58¥ﬁﬁntn§35f Fh@ prEIRtiqiveheddn; to  generate

10 longitudinal bias current supplied to the solenoid. Thus,
noise of reproducing output can be prevented.

Preferably, 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

15 magnetic head. Hence, a line for controlling longitudinal
bias can be further provided.

Additionally, the current contrecl means for controlling
longitudinal bias current supplied to the solenoid is
characterized by including a measuring section for measuring

20 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

25 solenoid in such a manner as to obtain a value determined by
the computing and determining section.

A method of adjusting a magnetic head according to one
embodiment of the present invention 1is such that the
magnetic head of a hard bias system having a hard bias film

30 for adding a magnetic field to a magnetic resistance film in
a longitudinal bias direction and for controlling a magnetic

domain, is characterized by controlling current supplied to



FIG 7 is a wave formchart show ng that the reproduci ng head reads servo
information; and FIG 8 is a reproduci ng output characteristic diagram
showi ng that the reproducing head shifts in a TPl direction. Best Mde for
Carrying Qut the Invention Referring to draw ngs ,Subktduté ShéadwRidglyRD03
‘descri be the detail of the enbodi nents.gf- the present invention.
(Enbodinent 1) FIG 1 shows a schematic configuration of a magnetic

recordi ng device according to Enbodiment 1 of the present invention. FIG 2

(ner i naf tie . SbPaPPR.Brs® By R e e By B Pt i cEPEESY R ng

devi ce. lthe 11EhGarl réshsiencenesar aft ethd depebesicd pgset bt &ror ¢hag
medi um reference character B denotes a reproducing head, and reference
char act ermagRRhbE ebeads Pyperpa®h Ahi 8h "PHS FHeldepPheadiing EadtRef r om
a device b rther,,.L.n FLG. .2, I .nuneral_ 1 n ghgLic

r esi stancsécg]?%{?%f#an NdN%#ﬁm 15&3 sﬁ:éﬁff\?}glﬁ\%é%fl:aﬁm \Elxihq ch&geﬁaog%’sf%f%ha ée of

a magnet ispdigtd feRe thegnegnet i headcorndi ng npdiiw® anthwiriai Nshé  best
reproduci ng output, reference nuneral 2 denotes an el ectrode for

transm t tYeRFAdQE §Rdl CBEPEReCRagnBABRet 122G 10, €4rdténce fil m 1, and
reference nu S . g J L i LS di on_pot h
ends of the wg%l‘ét ﬁz:ldéraé;és)ljlitgt a%%:\g@éﬁéng?lné]ﬁ%%%é#t?%gﬁ?%di%als&%??g%ti%ﬁ and
appl i es aadrpgeeihg &i ehdneniict fidadngiR)udifhad ldarécbias tsysstwppressing a

Bar khausen noise. A _material such as. NFe is often yused for the nagnetic
resi st ande® | fHas gggma(ﬁgt éﬂrala‘gf}d'ﬁ? B WﬁlFsgéf—' &n SR &d FRFIEHES har d
magneq c xfééi‘%ﬁan r EQYRI (1) ehiel fNCRIUHBIR ndh d5DQ5eH 13 e3RlieR0Idhg V\fthh I's
wound around the hard magnetic film 3 nhear the magnetic resistance film1l
and adj ustentarohbiesi @ haghdtgendraved, bghappkited icgd drt fromthe hard

ti fil 3. Ref | 5d t t ti j it,
which gener at €5ORLES Bhig pBRF BARE 0 SURE Leb il &P 45BRERPLCd: GodiPYiRed
preanpl i fderg8ifomarearpide pieambifiey 8. coddiddqnadd Yor! gkerRee 2

nunmeral 7 denotes a wiring pattern which controls current applied fromthe
current gapreduningi dognt Sregiohe (0| epdi daddanbagpepliiscetead sBOwWPY n

FI G on _an FPC_(f] exi bl i ri ar ~.\Which is plac on e
suspeﬁssi (Snnea(?ssugg a%i §a§P§tt\§n°sp$?%ig)‘? Iag’)ps?%gﬁ n%énestllcér gg(l)? P%g dSe4\)i ce,
when t he Jeproghiei &g deddcBichangeaski ribehgi(tudi.nal bi as magneti zati on
ratio, a nmagnetic field response curve is varied accordingly. A

| ongi t udi nal JF&Eh nelyibt i ZGPPORIVERF 3O amti ndEx RRSEHAIRI & eCaGRYr ee

of a Uhi gssrOfonlie AROVErFBORELLC dRdBN GORERO! lddimand Isrdh valye

conputed by dividing a saturation magnetic flux density (Bs3 ) and a

t hi cknessir{ffiBug¢noé tlie diapdnmigmat | tnf Bime3 Uppra satwfattoninggnet iskdw ux
densi (Bsl) and a _filmjthickness (tl) of the MRfilm1 . Therefore,, the
| ar ge#é/aa} t ud n3r2g aéﬂfrh@%et ez?ﬁl'i"z)vn PXti bhetHetke. 1oThus, 1t "'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.
Preferably, this embodiment may be further characterized
25 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 the measured value and a design value, and the
current 1is controlled by the current adjusting section to
30 obtain a determined current value.
The present invention further provides a magnetic

recording medium containing executing means for executing a



stronger the hard magnetic film3 , which serves as a nmagnetic donmain
control film FIG 4 shows a magnetic field response curve relative to a
vari ety of |ongitudinal bias magnetization ratios . An axis of ordinates
represents an output voltage and an axis of absci Stbstitutepheatedtsly 20¢dagneti c
field applied fromthe outs ide . As shgwn in FIGS. 4 ( a ) and 4 ( b ) ,
it is found that in the case of a small |ongitudinal bias nagnetization
ratio such as 0.7 and 1.0, an abnornal part appears on hysteresis of a | oop
and Bar khausen no'kse occurs . Mﬁ@nwhile, as shown in FIGS. 4 ( ¢ ) and 4 (
d) , in SFeThsRt ofPR#5+ G851 Bhgi t udi nal bias magnetization ratio such as
1.4 and 1.7, if@dQYLIENt ahs deflecsied thabkBajkdansegrw)oise ks nldridiat ed.
In this case, it is understood that single nmagnetic donains are formed on

t he magnéréad r 6B shrneeans | af 1mepgwsyag, merasliarger a | ongi tudi nal bi as

magnetization ratio..the gent]| he ci ncl.ination | ope on the etic
field respons_eé%h?%l.m&ﬁ%nga Y%}%%tggi n%g'lrrb.r%ts ﬁﬁgkélt%ieﬁat onr astolq_(?qos 00

| arge,5a sENShi \dmpufim) ghemert ermitatey imeahed ARG R sLPROGEAFed
waveformis smaller and | ess sharp. This is because the novenent of a
magnet i ¢ Wbie dreesered hehaaghet fRdAr asfssagse valu@i1 ansl restrai ned by a
magnetic field prod in TP[. . di th i ragdi us_directigon of, the
recordi ng nedicfjor?rr)\tlbéljff%eé hggg n%%‘ﬁre%?tg %&Inrﬁ%ghghloﬁ été?g%égag 1‘1r?1cat):glr§1 iC
donmai n camddrd ddlsbrdisthei Aeeeerineat cugrappl vedueq the solenoid 4, a
magnetic flux is produced in a longitudinal direction of the hard magnetic

film3 and a |"bHgt t BRERaCoBIfASWHRGHET ¢ YheRrdthe JfIReelC bBAdeqiddls,

pref eyabl.e resp i j\he syl 1 ey La-tiel i .t hou e
occurE(chtgo o? B(g%liﬁ%%ée%qtnag‘:){;egf& tn%% m&g itr gg??gﬁbg?lcgr rrg%(\ti\i%[gbl itté%]to
t he sol eraeabult irsg nmelens ever sebbe oultt arsl pdssi ddeiés bficpesatdpdsdacrease

a longitudinal bias magnetic field. Hence, even when the hard magnetic film
3, which "r%nf:'oﬁ’cgtsomi“i’r a prodegs ogh?mnﬁggﬁi:ﬁ?'?’ﬁg STREX, "‘Pgtg‘hi ed SR si ze
or is irrggular;d %é@@ﬂf&i&df‘gg‘;@@gth, it is possible to bring the

reproduci ng head Hto a stable operating point by adjusting a nagnetic
field produced in a longitudinal bias direction by neans of current applied
to th[e soés]iee.no%ﬂDA IgEnbodi megt 2~ FIG 5 shows a configuration of a

magnel ¢ Eersh i PP ot PepPbalitidy head of a magnetic recording device
according to Enbodinent 2 of the present invention. Since the reproducing

head is identical in configuration to the reproducing head of the magnetic
recordi ng deviBlS deslcr illsed @ nwhped cab8% ELERNE@Ne fE a1 Nhe SPERPELS CRaviYhg

the same fiunction re _indic . 1 he e . ef uper E 2
and the escrlﬁpzfi %nﬂ}aﬁgreggfc ?gsee(gorﬁb%,ﬁe%.d%gggf %&%%€ gﬁd%bgf%?mteh?
menbers d heff thmrptdwentepimderct ignhead. Additionally, the wiring pattern 7
i ncl udes ameasuring section for uring an effectiyve track w dt

mea h,
(detatl ed | at 1G: of tHfe 7 eSFEHGEMTGEh L0QS c SPUHITY And CRECEPRTRIShg

section fils & UPUEhdOnsy el f { &7 LSS BEhMLLBy BcHeshahnValugand a measured
val ue neasured by the measuring section and determ ning an optimum current

val ue appli ed RI§5 t hé sdlsen@ind, expd anagcoryendragiimst i isdroydidtd o f piring

adj usti n% cutLr entsag I.}led to thg sole oicdo ttoré)lbt %i n.a cu rg}rllet3 \r/n%| ue. .
det er mi néf 11+ theSEonpliei AT ahd “HEEEPH MRy Sect MR gnetic

recording device shown in FIG. 1;
25 FIG. 4 1s a characteristic diagram showing a
magnetization response curve when a longitudinal bias curve

varies on the reproducing head shown in FIG. 2;



- 12 As showmn in FIG 5, a magnetic resistance film1l in the vicinity of
the hard magnetic film 3 actually includes a reproducing filminert region
9, which cannot function as a reproduci rlggse_nsor because of the influence
of magnetismfromthe hard magnetic film3 ( a spindle filmin sone cases )
An effective track width is narrowed because the reproducing filminert
region 9 cannot function as a sensor. For this reason, the follow ng
operation is sui tF8} y Spes faos hsdcliyngsl AgawHa dvphpig Ngad teePrgdugibgi rpdn
effective track value to a design val ue. N%rerlel ,.an, effective track width
of the repr GARI Yt REARIBY FAFR I L BFOL "r‘%a@ﬁx‘ﬂ-%ﬁ QEEOLSNG to
di fference tween a sur. val ue and.a.design value is conputed by the
conmput i ng aﬁ%‘bc?ecfjerp?ﬁlgfggogg&qeo@?%sﬁg{:erlﬁivﬁe&alr?%pti mum current val ue,
and current is agiieSt gt dY 116y EHELEN0AY tairwm&%teﬁa[(@e_gkteaffé ive
determ ned current value. Nanely, when an éffective track™w dth needs to be
smal | er, curredk iwidPR! b&d at maddifetsDd eﬁébdr@itngg IdWF PO& eatbe rddpiqdci ng
filminert region 9. when an effective track width needs to be | arger,

reverse cur Emitod sneppl Bedft ¢ hehe s enbi dniend idegr ease t he reproduci ng

filminert region 9. The above operation nmakes it possible to nodify an
ef fective track WI&+h7clostWayer f@ed ghard §BOVARGRINas the FeRERINCINY i s

vari ed due :no (a%)e&{éi ons_in si or then[i gﬁ caused during nmanufacturing
and due to PEY AAERHCESEY Ca T Mg E" 7 a®A€ad f1ying height or the Iike.
(Enbodi ment 3) | prerder its? L A ELh§ChLEPult! @%M&E@rwt%edagggh al ue

on the reproduci ng head of the nagnetic recordi ng device - 13 cri bed
in the abovehbuwiodj vt 2hd Rephrelduaimg heed ath iditss arre apePTod iBdcthoa.
process of shipping the reproducing head to a factory. The nenbers

i ncluding the reproduci ng head are indicated by the same reference nunerals
as Enbodi nent 2. As shown in a flowchart of in #1, initial settings

FIG 6,
are made onBgStaMpse (FAEKCAFIYATBNOUYG YT hBYENEdPPent anount i, an
of f-track anount j quUMLQf f - k1.r1”£7bfd ; r n.
In #2, for eagh ?gg‘égrg%a%é’%é‘hlé{ ecor di ng ln]él\&ﬂgﬂngA lg‘f?‘z‘%ég ﬁéfﬁghﬁead

reads an A Qukgtiland e bensbdiwends hawecheeprasehtedferst 56 V0o track
writer in advance, conparison is made on outputs of the A burst and the B

burst, and @Embadkimegriiek) DO is set at a point where the outputs are equal
FIGS. 7(a) and 7(b§ show wavef orns, which are fornpd when servo

information is reh@-by FREWSert GHERFAGEAEaFOAREWIENLORNC#33 RegaGtfent
data is Wi PLER USA0 S £CLY LOBAGRY Ao MESELAERET bhe A AG E8NIET

DO. At this pattern or ‘a’ servo frequency:
exanmpl e, in;j}Hentassk .of FrPO0-Migns9Eva LoaGURAMAL Porl €t ht magnRatitern of

15 MHz is witten.

sensing part of a magnetic head (hereinafter, referred to
as a reproducing head) of the magnetic recording device. In
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



In #4, a register of an off-track nunber 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._Fgrther, a current direction of the
solenoid current anount i is set in #5. Subsequently, in #6, a reproducing
head H opposing the magnetic recording nmediumA is off-tracked by a
distance d fromthe track center DOin a TPl direction ( radius direction
of the recoF@FA§tdWainyiland pasid i@ﬁ@@eﬂgenﬁé}@eﬁa]a 3 dengtepogj higgWl D =

Di d ) i f h k
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s measured gl A RASILLOR P. e SdCR RSt IRARMCTR Rl Gl Sl e
al ned in

at the track center resent od| men

#8, the rrea&gf)eQerseer %@xﬁ@gleutﬂa@ucﬁuﬁ f:@grp%ﬁgl\ﬁnutdmmr P Psbiei Bg ewt put
Ep = 0, which is a set value. In the case where the neasured value is

| arger thanstpprests Balrkhauiden mepiosllcingnandmidl BSuch sisoNdFeadsaoseen

value Ep of the reproducing output in #9, and an off-track value jp at this

moment i s suseddfar theguagaetdcj res léﬁa@ﬁfﬁ’- fiddk lnuabera materéadagachhere

a neasured val ue of a reprgdum ng Qutp i.s smal l.er than the set val ue, an
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value j is snal % I'S |ncrease 1,7and"t hen

the oper at Ip@sw@ﬁnafia%@d@t@fe ﬂfaﬁr&ﬂﬁé@ﬁé’t@ét fl'l'ﬂl t3heee&sen@ﬂwa%ﬁ@eléet
value j is larger, in #12, a nmaxi mumreproduci ng output EP is det'ected when

a reprodummnsutpnceEfllinatl thd pddlisas shomagnetikt Giddld Aemdfateddky
anodint TwW in an outer peri pheral direction and an off-track amount TW2 in
an inner péRRphiedl céhrlr&ﬂq ofhr%t?‘etﬁﬁt BaLdy magfe i - f-il&@k3armﬁﬁtfe¥\ﬁﬂce

d / h
Fepr oduci ng Bt Eat “Bormraes A oPlbrencaa et T {la S Tkehater kEREE  r ack
width TW V&B&é{};arv@sléu k%ntie%'prm@ 2 ¢y %@qeerhﬂwraﬁdﬂqsoh ;?;o%:ée

anmounts TWE then in #13, determnation is nmade if

effective tirack préah TmmxexﬁmmuotOneatramb\@ntémﬂwlxlehleh is desirable
on design. Wen the eFf ective track width is not equal, a solenoid current
armount i |edﬁm¢@@0aihy#1¢eﬁanﬁn¢@engﬂéﬂlohsdenO#SSandwuan@g pestey i ed

out. At a cyrrent anount havi ng an effecté a,ﬁé width TWequal tq the
Crack wi dt WPARE SPREROLS A8 [EronFhe hRFAePbndirEating

conpl et ed. cirqu_t 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 recordingdevice, 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



As nentioned earlier, it is possible to find an opti num anount of current
applied to the solenoid 4 corresponding to each track of the magnetic
recordi ng medium A. Additionally, an agtﬁ%l_anount of current applied to
the solenoid 4 may be determi ned for each track of the magnetic recording
medi um A according to a current anount obtained in the above manner . O an
anmount current may be determ ned for each track group, which is conposed of
a pluralitysbtongsektsherhandetagnetdidef ilmoin & ioth sreers @S acnagnehner
region of the magnetic recording mediumA. Meanwhile, in the magnetic
recordi ng n@eMafNACORtd @t i hiylFeans such as a programis placed in a menory

in front of eaﬁg%ﬂ ta reﬂion. The exqgftigg ggans carries out the f]ow of
conputing an a of EHPFENE BRANSEHS ot TREISHFERGPF <4 SH YR abobeve
manner. Wth_thi Fend ut.is i i me, t he
r epr oduci ng@%e%m%???cg to %g%ggfi?égcidgtl%%r éﬁ‘ga%gln%ﬂo]?z%ﬁggrr}%ﬁg%flo%' ah
recordi ng ngdiynbh. oLHindHe HPirdhiee SOh€H0LE outpll vblitsa Pél] A48d €4l agli n
effective track wwdth TWis brought close to a design val ue. Substitute
Sheet - 2 JufyaB603ssbs Glepisénts aagretneriechidlidgageliicsl dompmisheg a
magnetic head (H) using a hard bias system said head having a hard bias 5
film(3) fRuUEsdfRy aPrFaghewnc i ELFSt-o 4d el i%( B bsikh skt LFUndttatin a
| ongi t udi na) _hi.as direction anﬁ fgr contralling.a na%netic donai n

&r §° %faﬁha

sol enoi d (4" pf_rlb‘?/ic(fesoe ot 8aPB%nar B?é_%uflilln_rﬁ]( SRS TG VR Helfhet i ¢
o T AT PR Tl BMopAbERRL Bl IR (TR
(4)) char acd £r4 2&sbp mridala S su S8h! €8 se0ptEak sTeaMe a¢HIISL£Ss 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



a nmeasuring section for neasuring an effective track wwdth (TW of said
nagnetic head (B); 15 a conputing and determ ning section which conputes a
difference between a neasured val ue nmeasuypd_by the neasuring section and a
design value, and determ nes a current value based on the conputation
result; and a current adjusting section far adjusting current 20 supplied
to said solenoid (4) in such a nanner as to obtain a current val ue

det er mi ned HiPBaa dnegrpltiond il detehaithi f§esaaqwrence TAE Baghdigusen
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control l'i ng dngidaideAge Bi 3% it dinS1PPEA8d ra@ned ik splepgid (4) is a
wiring pattern (7) placed on a suspension (C) of "said magnetic head

Substitute Sheet HenZelukyedGMBen the hhrd MaghetthillwB ,ash UShi g farmed
magneti c head (B) of a hard bias systemhaving a hard bias film(3) for
addi ng a 5 rdegraebirocless i manudagient tngedi Beadeeisi smifted Anasize or
| ongi tudi nal, bi,as direction and for controllin

( g a nmagnetic, domain, .
characteri zé§ By Z&FHIF | IRgNRIPREAE SEFSRE 1 ot J%I%‘?\%T’Hb%ﬁ)tﬁrmﬂ-ﬂ@d on

said hard bi fi a i ease c duci ng
Thert regi ofirar St ediet Ao Rt T Y oy thp e SRR R TR EN P BY ol
appear i ng opgSist iR e Ghabhéticapdevar pramRideatd w ompikeva dh 81 (FWs 5.
The net hod of "adj usting the magnetic head (B) according 15 to claim4,
further condirgctgdrebgtmpansf ofmearuremy dypbhitedutongheeaslasoild 4.

ef féctive track width (Tw) of said nmagnetic head (H); determning a value
of current $Bpplodddnant sa)d sol enoid (4) by conputing and determ ning nmeans

based on a measujed 20 value IRASW £ LRES SRS b difRl 00 SEhHG oYMk

of a reproducing head of a magnetic recording device according
to Embodiment 2 of the present invention. Since the
reproducing head is identical in configuration to the
reproducing head of the magnetic recording 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 reproducing 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.



controlling the current by current adjusting neans to obtain the determ ned
current value. 6. A magnetic recording nmedi um contai ning executing neans 25
for executing a series of operations of: irga_s_uri ng an effective track width
(TW of a magnetic head (B) by nmeans of neasuring nmeans; determning a

val ue of current supplied to a solenoid (4) by conmputing and determ ning
means based on a neasured 30 val ue neasured thereby and a design val ue; and
control ling the A& dmwhyimdFas &, cuMaanetd] yRs gt anaes fiidmobt ahnthee
determ ned current val ue. . AQE. AHy. AFA% A9. Al, %A§
% A?. A He. ASEYCRRIAYY OAsRIR \hatkd Anagneidry TAd ™ 35 Fhakdvnjincludes a
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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 the magnetic recording device
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are performed in a process of shipping the reproducing head
to a factory. The members including the reproducing head are
indicated by the same reference numerals as Embodiment 2.

As shown in a flowchart of FIG. 6, in #1, initial settings
aremade on a target track width TWO, a solenoid current amount
i, an off-track amount d, a maximum off-track number N, and
a measured track n.

In #2, for each track of a magnetic recording medium A,
a reproducing head reads an A burst and a B burst, which have
been written by a servo track writer in advance, comparison
is made on outputs of the A burst and the B burst, and a track
center DO is set at a point where the outputs are equal. FIGS.
7(a) and 7(b) show waveforms, 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 cutput 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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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. 1In 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. 1In 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 TWl 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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track width T™W is equal to a track width TWO0, which is
desirable on design. When the effective track width is not
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 haxd bias

5 film (3) for adding a magnetic field to a magnetic
resistance film (1) in a longitudinal bias direction and for
controlling a magnetic domain, a solenoid (4) provided in
said hard bias film (3) and adjusting the magnetic field
running in a longitudinal bias direction, and a current

10 control means for controlling Ilongitudinal bias current
supplied to said solenoid (4), characterized in that said
current control means comprises:

a measuring section for measuring an effective track
width (TW) of said magnetic head (B);

15 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 result; and

a current adjusting section for adjusting current

20 supplied to said solenocid (4) in such a manner as to obtain

a current value determined by said computing and determining

section.

2. The magnetic recording device according to claim 1,
25 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,
30 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
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(B) .

4. A method of adjusting a magnetic head (B) of a hard

bias system having a hard bias film (3) for adding a

5 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

10 reproducing inert region (9) of said magnetic head (B) by

means of a magnetic field appearing on said solencid (4),

and vary an effective track width (TW).

5. The method of adjusting the magnetic head (B) according
15 to claim 4, further comprising the steps of:
measuring by measuring means said effective track width
(TW) of said magnetic head (B);
determining a value of current supplied to said solencid
(4) by computing and determining means based on a measured
20 value measured thereby and a design value; and
controlling the current by current adjusting means to

obtain the determined current wvalue.

6. A magnetic recording medium containing executing means
25 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 wvalue of current supplied to a solenoid
(4) by computing and determining means based on a measured
30 wvalue measured thereby and a design value; and
centrolling the current by means of current adjusting

means to obtain the determined current value.



