;ste3el 8i $(6T81 A - 1 - 22 March 2004 DESCRI PTI ON MAGNETI C RECORDI NG

DEVI CE, METHODOF ADJUSTI NG MAGNETI C HEAD, AND MAGNETI C RECCFI%%&V%%P&H@&
Technical Field The present invention rellates to a fixed nmag C récording
device, a nethod of adjusting a nagnetic head, and a magnetic recording
medi umin el ectronic equi pnent. Background Art In recent years, regarding a
fixed nagnetic recording device, a faskerpEe@ftWwite characteristic has
been required as a large recording density has been further denanded every
year. A reproducing system needs a higher sensitivity to a magnetic fl ux
than ever before. Currently, in many cases, a magnetoresistive head (MR
head) is adp@eNed.Id REGOROING DENI@HICMEFHOD PHARIDES TANG MAGYRA ICHBEAD ,

peri pheral speed of a nmagnetic recording nmedium Nanely, a head of a
reproduci ng met hod usi ng 38D cHRIGHE TEGNREGPEIINGEAERD IdMadopt ed, in which
an external magnetic field changes its electrical resistance. In the
future, the trend is expected to shift to a GVWR head, whose reproducing
efficiency is inmproved allowwng a nultilayer filmto forma sensor for
sensi ng aqﬁﬁﬁ%ggégfﬁbé%as the GWR head for practical use, a spin valve
filmhead is appld GEPLEenkn (YL BogPLR 1Al 46 HSEd@Y dduhbtigver Tilm
serving as a nmagheti’c sensing part. The I nductive conbined head is
confi gur ed iyt Bat ddatidel, Sanbthed BEi 887 us22 i hadd o ¢euentdmnal
thin filmhead and"data is read by using tﬁe GWR head, which is disposed
next to thkendymetitmreeadtd Nagenpdiure iBVReheatrosivsezigd dpmenity r eadi ng
and is characterized by reducing the influence of the adjacent track when
readi ng, because an obtai ned reproducing output is considerably |arger than
that of the thin fil mhead, the reproduci ng output does not depend upon a
peri pher aPa§ Wdathdgnetic disk, and a reading track width is snaller
than that of t i il d r { £ NinS: of; , head
has been wi del gﬁag—%ﬁ{éer{# a’?%ﬁEHD%% éaa(ﬁlr}—%%evie:?{:egi ﬁ%gﬁeeﬁl\iﬁlG\fRéﬁgg J
requires Bbes @l hePhs8eeOrdhay ulx0iid TR Gt ePYspicBaBl Beehtrégubeedssary
to prevent deformation on a waveform of a reproducing signal by optimally
~control |l i ag dilasrgarreadrdimeg demtsdlty hashbearhdu@Nf éeatenandedseresyabove
spin valve filmhead, which uses a multilayer filmas a magnetic sensing

part, is PeaTrintd sﬁ@@tqc&wirmge?wﬁsmn%ﬁdisnﬁohtlaﬁlte%ﬁeﬁ%ﬁ@é‘f%‘éhB° a
ositively form.single neti ¢ _dogains. of Ni kch f.qr free-side
Ir[:nglne!t ;/c 1%4?9%1:'1{:' ] ggﬁ%ﬂnlﬁf’f"g g%I s arl}!eiﬁ%?%g&ﬁe&%oﬁrﬁ’e cfrarsgeegjsi de
magnet i éix}\ggn%;}r i £ 08k ERgReld C ik ehda83uses s habHONS oA Vel or m

that is cal ausen noi se, -.resulting in signal” noise. when single
magnet i ¢ gopnbaacdyy o fedt ofotbe nbrederiatal raymet & cpéiriph eBarlk spessh
noise is elimnated and preferabl e reproduci ng output can be obtained. As a
met hod ofof oa ninagnsitrigt er engratling dugmbi vl - onNamgdynetd he2dnPfaanet hod of

di sposing a nmagnetic donain _control film n end of a magnetic filmis
avai | abl e‘?e%ogBFltnﬁe Bkmed Hsd&‘ﬁaisri"t%f?ﬁa fnralgrﬁewr%l%ﬁegm é5to use

eXChangeéﬁ%%%éﬁg %%iﬁhicgzakhE%Qé¥%%ﬁ—ﬁ%gnetic 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



antiferromagnetic filmand to form single nmagnetic domains by using a
magnetic field (hard bias nethod) of a pernmanent magnet. Therﬁfl\ﬂ h2!054i S
understood that naterials and the configgrati on of the magnetic domain
control filmand are $ the nost significant for devel oping a spin valve
filmhead. However, in case of formng a head using a hard bias nethod, a
magnet has_been forned re precgi.sely becaus track pitch has bheen

decr eased %v“e??vﬁgé:rl.oﬁngs?hgpsgéigli gﬁaiqi q”&féiaq%a mot '%‘?‘l‘grlaﬁl RSiRgG th5
resulted f LEfd cyl i . .OGE: ral.. +F e is too
strong) thééﬁg\géﬁgdr %}%%&gragﬁe?%%%%gg.ﬂ xvt\:/e\lj:re&r %%cgﬂgﬂpglr%arﬂgﬁgggégnet
is instal heghdyd RHESSHROheb Mgt febhirB f iy nBdifi aat gy cpgnot be
made. Hence, under present circunstances, when an actual frack wdth of a
reproduci nthd Sabeadiized ayoekdusiidd etef i0Mlactes of chatRl]atecfli Preaak

i nspection, the reproducing head is selected and discarded as. a faulty
conponent wiEmereéadeng,t hscaesessar whtoa iieedl aepar adohbngue uftgru traks ng
fine adjustments on a track width. The present invention is devised to
addr ess ocor® kel ablat dargenbbhanptdd engfokheo térin ebsimphegidde thaisef ul
alternative. Suma[é/ of the Inyention 2 Thgﬁoresent i nvent] rovi des a

on
nmagnet i ¢ FESHIA YR8y PLE L7 MCh AEEREE GRELF BT LRIAG3d FEEEDI as
system said Vi . ar. i.a 5l f i a tic,field
to a nagpgltfi%qrgggflgt%&ndgg%l{]’maﬁhi %eéhllor%?%t‘}&?{lgﬁ%%w;gSd!s{r?iggg'!eeolln%gr?dl f or
control l'i ggag AROPRLI €h3Q HOMRI Read BOLaRRifind). PFOY €8dsi Peddicth hahg bi as
film(3) and adjusting the magnetic field running in a |ongitudinal bias
di recti onGMANtiead aenbeeanwidelyeantopvedcast aal HDIY he?., MHohe2884
| ongi.tudi nal bias current supplied to said solenoid (4), characterized in
that sai dStdfeetthe ddtiRoheasaietdhpeFsbdasa awseRtngcseedioig fop its
measuri ng_an eff,ective,tracg w d h%.’\%T of sai d_magnetic hﬁ%&og%%; 5 a
conput i ngPRAH2EE0E Rt HglREEYi b i c@ﬁﬁﬁﬁl’?’egroa AFVEdYe kA a

Teasur ed JRLUSURIAILEY Y e JRASHALIS SRS L hnoRRd B Pk Al and

determ nes a currént” value base e nres and a curtent
adj usti nbSest @R deBit adj usting current 10 supplied to said solenoid (4) in
such a manner as to obtain a current val ue determ ned by said conputing and
det er mi ni ng sdota bdenWatli it hivchennf h gudRi bajdeserhwhen themabdivepepsions
are found on the hard bias filmin a head process, it is 15 possible to
change t W@ lie chyln Beache whdiad BISRS fa m#igiyl;hayaa fhdMad SapolAGNEt Iur r ent
applied to the sol engi d, andtan ffectl vte.tr ck wd H can _be.vari %bl e,;:hi n :
si ze. HemE&S+19iRapogsith BY0 105& HES 12D olélﬁ%i'né fha% 5t T4PBOIAT Shavi ng
t he best .hepr LNG 0 neLl I4 r S n’

ef fecti vghgﬁlarg%ygnéd?ﬁ g%%%asﬁrtefv% u?ggtﬁﬁ%il% %@héﬁ/ﬁﬁg%ﬁcgggg%]ggdgfa
Consequentilia, ivhich Feamdl £ Focknprieke mwayhetdcadd I i M &ABeg Pe
reliability of a drive by absorbing di spersions appearing when the head is
manuf act magdetfict Hema insenrer egpodoirwetb sen chhebs rie@psovdrl . 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 cbtained. As a method
of forming single magnetic domains on a magnetic film, a
method of disposing a magnetic domain contrel 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



25 Wth this configuration, the magnetic field in a |ongitudinal bias
direction can be kept at an optimumvalue. Thus) it is possi Blastenioggsove
| i near responsiveness on a reproduci ng output of the magnetic head and to
operate the nagnetic head at a point having the best reproducing output 30
on a magnetization curve. Therefore, evg&n when the hard bias filmhas a

di mensi onal deviation, the filmbeing forned in a process of manufacturing
the head, or in the event of 22 March 2004 j _ dispersions in strength of
a magnet,.if=Ls,PRSSI t o£ bt j.ng the 3 Cche o hle isNg
poi nt . F"E‘r‘tﬁe%,§ P?%agglﬁgs?si Bl@ynt %ggj Eg?%gif f g%t%fi \?te ??ggkeﬂcdtcﬁ(g@%@%ﬁe
magnet i coheadiand a onamxde f ycot He =6ff eCtaxm@ biask matdidd) no5 respansentatt he
influence of dispersions in size caused duri nﬁ nufact uri ng a skew angl e,
a headfmﬁﬁ%@thei&HFQﬁfQ¢%rIFEeFﬁWﬂQﬁ%&ﬁ?O? e t&H CBAbrELELEabIARd nEPBdes
a curre =) Cil€uit, nes ; pagyehd £, h enanat e

| ongi tugcitonaT |I;£st'ggrr1ré:{# E&Epﬁ?gé%htgglteﬁe so%%?]oi%g%%:g, Qﬁ(}ﬂeaég are

r epr dductiing moktpusicanf beaptefent eidkvelragf il yspinuvadrie ddnnr deaeans for
controlling |l ongitudinal bias current supplied to the solenoid is used as a
Wi ring patterffPWHETs pPace®S8n oF stSpEREPOIF oPeRRe USiRGgFet RaTHediias

Hence, a4 fo %5 | I .t ud] - bi C LUK pded.
Addi ti onaeﬁ:rg,?d't hé cur l{eén)t% (lzlo%%trgeg}rlmaﬁgs or @%%’Fro Flgﬁégg(%%l %g‘lgﬁ%}? b?as
current tnggM itk ¢lo hhe belendabtsasddiraceéeyi yedrty i Tlehadi B spereasbit i Ng
section for_neasuring 20 an effective track with of the magnetic head, a

conput i 1§ ahd-Bet'dr nTRFngt FUEEFBnEWHIEHr cBRBUITRSY URR T drictit edBéfneet ta
desiign ¥audie ANdedniRasu! ef FAkie AN AELC I dICRaBrEt T 20! Al UBLDRIES ON

the conputation result, ‘and a current adjusting séction for adjustin
current thgpiMRedneart hbe25nasunienoid deasuch ¥owavee; asideo ambparmaacrad ue

determ ned by the conput. and determ ni ng section. A nethoq of adjusting
2 magnelPE REad Scadithaig €9 e EriHIRIR OF tHEe piaderd hicht foRMs

such thabdtite ARARE] | Cchaadhtof gehargh b as sysygmdavi ngrachar dobpagpki | m
30 for adding a magnetic field to a magnetic resistance filmin a
| ongi t ugimaumisitagicdisr.ecvhon @l forusbntnEidi ngidimagrdt bc depeeducisg
Charlg(:tﬁtreééedis?y 1%%%41%“ 'SP £ e?'%.o%upepl Ideedsitg% center at shipment
inspection, the reproducing head is selected and discarded
as a faulty component. Therefore, it is necessary to develop
a techrnique for making fine adjustments on a track width.
The present invention 1s devised to address or

20 amelicrate the above problem, or to at least provide a

useful alternative.
Summary of the Invention

25 The present invention provides a magnetic recording
device comprising a magnetic head (B) wusing a hard bias
system, said head having & hard bias film (3) for adding a
magrnetic field to a magnetic resistance film (1) in a
longitudinal bias direction and for controlling a magnetic

30 domain, a solencid {4) provided in said hard bias film (3)
and adiusting the magnetic £field rurnning in a longitudinal

bias directicn, and a current contrel means for controlling



22 March 2004 -6 the solenoid provided on the hard bias filmso as to

improve the |inear responsiveness of the reproducing output gh Mﬂ%h@@@ﬁ‘e“ C
head by means of a magnetic field appearing en the solenoid. Wth this
configuration, it is possible to 5 operate the nagnetic head at a point

havi ng the best reproduci ng output on a fmgnetization curve. The present

i nvention further provides a nethod of adjusting a magnetic head (B) of a
hard bi as system having a hard bias film (3) for adding a magnetic field to

a magnetic.10; g8k skance; £kl eglyehp aslhepgibndi pagl biag dispehber and)f,or
controlling & nmagnetic domain, characterized by controlling current

suppl i ed tmapasotenoed (4) tpedvisded onixseént hapdtbpas meids (Mot a€sto
increase or decrease a re roduciﬂ_n%i gert re%i on.(j%) of sa%ﬁ nggnetig head
(B) by 15 neans %Y t &S FhealFAg-on "Sai ¥ sofenora %) , “afk
vary an effectiveyiraeksuh dt BaGhWk i NHdEd hts) configuration, it is possible
to cancel dispersions in effecfive track wwdth resulted fromthe influence
of di spersi onsai wowipre iuppnamdnuéateumingnca skewi2d awplieh achwputEsyi Ag

height, or.the like. Thus, it is possible to eliimnate defects op the., head
whi ch ar é{]cét{}%%%"%‘? a PEAWEEof Ehe "@%%‘é’f‘?ée VPHHE wi BERSUEET s ngo the
possi bl e i ntoghfegti t gackyun deh.  Bhef enalletmihe s
enbodi nerﬁ&n%%%ﬁegf %%ﬁgfé%haar‘ a%t e%i z%%sz i nvt hat an effective n%rack Wl'adt h

of the negnetdnt hesltiué sbasaducedtby weagwrtatgioeanssuldt cusndnt val ue

supplied to the solenoid is.determ ned by conput.i ng and. det er m ni_ ng. nmeans
baggd on the feastreteyal u@daH&tén@esi%XEé?gg,tfgﬁg tarfgj%%ﬁ’%ﬁt icﬁ:rent

contrgl | edi g {1 €4 £8Rl adiusiding seetiion frB0zohkakhera det epniditin
current val'de. The present invention further provides a nagnetic recording
medi um ceéntaimiant exatuei dgtremisedbrbexesidi serputizy NrehdebeFTiniged| es
of operatsie%r%%o(?_}‘.:
With this configuration, even when some dispersions are
found on the hard bias £ilm in a head process, it 1is
15 possible to change the strength cf the hard bias film by
adjﬁsting an amount of current applied to the solenoid, and
an effective track width can be wvariable in size. Hence, it
is possible to operate-a reproducing -head ;t'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. Conseguently, it is possible to improve a
yield and to increase a reliability of a drive by absorbing
dispersions appearing when the head 1is 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 cperate the
magnetic head at a point having the best reproducing output
30 ¢on a magnetization curve. Therefore, even when the hard
hias film kas a dimensionzal deviation, the f£ilm being formed

in a process c¢f manufacturing the head, or in the event of




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

nmeasuri ng neans; determning a value of current supplied to ﬁ@é%ﬂ%bg45
(4) by conputing and determ ning nmeans based on a neasured val ue mneasured

t hereby and a design value; and controlling the current by neans of current
adj usting nmeans to obtain the deternined”turrent value. Wth this
configuration, when the magnetic head shifts 10 to a desired track of the
magneti c recordi ng nmedi um the executing nmeans is read out and the series
of oper atdfsSe fg orar tnedadngtihust bheceftfkect ive isapbswidile ofo theing
magnetic head is adjusted. 15 Brief Description of Drawings FIG 1 is a
whol e st rit8 UPAENBEAR MPadhefati EHARL SheRERFtATFadiRtTE: r eEHFFHRY devitce

accor di ng £ 0 fathodiygnt. 4 of sihe.present yenlion: 2 Gi ks 8¢  che
structural” draw ngs Show ng a  reproduci hg head of the magnetic recordr ng

devi ce shawndtid| Geald EhG Soi snali £xpltieat efyedtdwiengtshew ngidthi ring
pattern serving as a current control neans of the nmagnetic recording device
shown 3 n ¥EIs@oTISe 25 ¢F| Ghey idgfd uaimsctedr | SlisPediigham sHowisige caused

: . wh : : . .
rgnet 2N SRRANPECEULEAING BLaTUH ol Blgh PG THLEAN 4h°
struct ur alhednaweng show ng a reproduci ng head constituting a nagnetic

recordi ng device according to Enbodi ment 2 of the present invention; FIG 6
i s a flowchar Mor®ovwsdl ai g @e¥haRgePrr fermddf veliehekedi deh 6mrgent

oG | RERUAYAN U1 68, 2600100 L0 SOGIBIL o3 HleddS EsERlerace
10 longitudinal bias current supplied to the soclencid. Thus,
noise of reproducing output can be prevented.

Preferably, current control means for controlling
longitudinal bias current supplied to the solencid 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. '

Additricnally, the current contreocl 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 accecrding to one
embodiment o©of the present inventicon 1s 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 longitudiral bias direction and for contreolling a magnetic

domain, is characterized by ccntreolling current =upplied to



head reads servo information; and FIG 8 is a reproduci ng out put
characteristic diagram showi ng that the reproduci ng head shi ﬁémdr@ S04
direction. Best Mdde for Carrying out the Invention Referring to draw ngs ,
the followwng will describe the detail of the enbodi nents of the present

i nvention. (Enbodinent 1) FIG 1 shows adschematic confi guration of a
magneti c recordi ng device according to Enbodinent 1 of the present
invention. FIG 2 shows a configuration of a magnetic sensing part of a
magnet i ¢ tieadsEbereiidaftrern;ideri esm edheohasda riggw afllitinngohead)t ®f itvpgove
magneti c recording device. In FIG 1, ;efg&ence character A denotes_a
magnet i ¢ YRZ ol dPERINERR BRTTFeVENERce Thalr&t ere X Qeh6iad Lreprbdits nghe

head, and.r (o aract C.d tes. NSA. i Up t,. St
Fepr oduci B HeLet B FRAmY divres badyt PAPTRErs A% SoheReparl gy The
nunmer al lsslexnebes. a maghehi cthds stoancei dutan {em, MRiti | hsor prsspilmleal ve
film which detects a change of a_magnetic field fromthe nmagnetic

recor di nPRAH &N ablde obPAPREtACr eped®ucidy cut RRINFef BRYAGE nith# al PoSt

denot es Q apsmi_t tJ S : heg magnetic -9 - 22
Mar ch Zog%pﬁ'leogﬁ%%gﬁge&fﬁ){r#lgﬁgﬁdwraggjgﬁ:e%c%&%qngé%% %'denot es a hard
magnetic fil mad chhdssehisporedennibat hfepdhenf phevieletix mesilst@ncef
film1l along its longitudinal direction and agpl i e}ia magnetic field inits

| ongi t udiaghiush ¥eg 1 ofiagBesiFphess BE khabisén ﬁ6ids 3¢ naY 8F PR "SIC%s?
Ni Fe is gften ljfjjtsgg foy thgn%%@etd&dd{ﬁlgtggégFftFlcm e Plde 3 Rberd.al. such
I'S O f gn i

as CoCr en use of the har etl m 3. Mbreover, réference
nunerld 4edenaiesca Solmnoid, iwhichl dsgiwuddnal obddst hi hacdioageetd cEdrl m

3 near the nmagnetic resistance film31 and adjusts a netic field
gener at e OBy Taplot i %‘ﬂ?%@t?'FoﬁPF‘ﬁénhaF&mﬁ—Jédfﬁémcz? | ¥'3. Reference

~nureral 5 denotgs .8 GUILNE, GRRRE AR 1GIdS WY , 2 WRIAR GENET ) £S pelRiieNg
applied to the solenoid™ and 1s disposed in a preanplifier 6 (or near the
preanpl i brers®6)d Addit icdra | 1 1mef(@lense aamtoal 1:7cdeastesra dkEragspatd ern

whi ch control s, current applied fromthe current, generati.n Lrgui o the
sol enoi d¥EPIRFIE T a(‘:@ﬁggs SR A R C;?g3 S&%danmﬁﬁée(tfll%xﬁﬁﬁé wh"?n 4

boar df 8peWhisChofs Pl ALEde 0Dt e SUSPERPRTiEFUSA aSa Ad Pls¥l&rsrd Ng4 )l n
such a nmagnetic recordihg device, when fhe reproducing head B changes, in
‘| ongi t udendl visiras amgfdieatvontratkovidtivadAdti-c field response curve is

gi t udandl vbizas amgrie v ot Fack: di-c field response cl
whi ch i ndi oat BELR 4a5Se SR ARTERTESY: of Ene  SbobS G| of BonGRRCC:

control &Egge%@%n% a jval uer carpibed -byadivi diAgha saldiriaiedn fagret tad | ux
density (Bs3) and a filmthickness (t3) of the hard magnetic film3 by a
sat ur at | oRLAHGHEE ©F | GxSHEHSLOPS( Hol ) SARE APON MERHRERAESS1PEl) »f SKRY MR

filmd. Ihergforg \hes!ang8h g heagifudigal bas yRdoeti zatjon ratioy Jhe
possible to eliminate defects on the. head which are caused
by a shift of the effective track width. It 1is also
possible to obtain a constant effective track width.
Preferably, this embodiment may be further characterized
25 in that an effective track width ¢f the magnetic head is
measured by measuring means, a current value supplied to the
solenoid is determined by computing and determining means
based c©on the measured value and a design wvalue, zandéd the
current is controlled by the current adjusting section to
30 obtain a determined current value.
The present invention further provides a magnetic

recording medium ceontaining executing means for executing a



- 10 - 22 March 2004 stronger the hard magnetic film3, which serves as a
magneti c domain control film FIG 4 shows a nagnetic field 53?\?&%!?90@#”\/9
relative to a variety of |ongitudinal bias magnetization ratios. An axis of
ordi nates represents an output voltage and an axis of abscissas represents
a magnetic field applied fromthe outsidé: As shown 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 khaasepsngksgneegul §nMeanwhil e, as shown in FIGS. 4 (¢ ) and 4 (d
) , in the case of a large l[ongitudinal bias nmagnetization ratio such as
1.4 and 1.7, impasvehegt ars efdecsuck thoacBamkidlseldTHOI s&2f i 8 etagmenied.
In this case, it is understoqd that single nagnetic domains are forned on

Pt
the magnét§ddr &81 sPAnEears| pi1m §/#'¥arger a | ongitudinal bias
magnet | zat i on galdOn: 4 hog OGNt el uENGd neli-pahbons obof; shons, 0p the dmgnatic
field response curve. 2n a onglitu i nal b as magretization ratio s t00
| arge,5 a seENnshbyi dampuofiran ehéneddtémmitei oy i oratrer baded reapraducdaxnred
waveformis smaller and | ess sharp.. This is becajtrjse t he novenent of a
magnet i ¢ Y@t dPRESWFet nelfagRYt AEG EsPeSise Y34 1¥®1 P8% estrained by a

magnetic fiel cﬁiﬁﬁ&'ﬂf% NegelPLLBLERET AN febR R SRAINS-Aifechign of; the
recordi ng rrediq:u y t eé har(? nalénet?c Il m %, whi cﬁ serves as Egnasgnlet' c
domai n cotard ta lobtdinsthsi deececurinedt cusrapy i~emllhe.t he solenoid 4, a

magnetic flux _is produced in .a |ongitudinal direction of the hard netic
film3 and a | t%}ﬁaFoﬁ%&g Tc VRERd GRE aUPESEEd S Gy qﬁggglﬁﬁ

pref ejpable, respanse dg e?iaaameef dde _ mprMH G0 2004008 TRONGL C ikl d
wi thout the occurrence of Barkhausen noi se. Since the direction of current
appl i ed exerchd isyl emmmEts 418 sreade ongverrsi btlee berilespesSidperanionsr ease
and decrease .a ] ongitudin bi as neti¢c field. Henc even when_t he hard
Tgnet | COREFHER (Wtch | S Fithed FASa BFORELES MERAhciHEHY soheatls s
shifted pBgHzq Ohday iifd ®Er-&Q Magnetic strength, it is possible to
bring the reproduci ng head to a stable operating point by adjusting a
magnetic field produced in a |ongitudinal bias direction by neans of

curre t gggl i e% tsort.h .sql erlrxs)gr4w§r(‘Enbodi ment 2) FIG 5 shows a

conf i gur r5h oF 5§ r}é’gﬁé’ﬁé’ Y part of a reproduci ng head of a
magneti c recordi ng device according to Enbodi nent 2 of the present
invention. Since the reproducing_head is identical in configuration to the
reproduci ng hBa#-of 1t heSna@nevhelrecBEdRA§UTSY cEr@esdg batrlianathecabbye

- Enbodi ne . fhe . . hayi . ctl i ndi ed,. he
sanme ref %‘{F‘%‘%%Iel&nﬁarrerﬁ Igé%égF EQ‘%ZTt Cia]iﬁlgs ?%%v%ggcr%%ﬁ%%{rﬁ%er@ goﬁlh%oddolm?%gd.
Refer tolFbESthé prdsdntornrifeteibers other than the reproducing head.

Addi éi onally, the wiring pattern 7 includes a neasuring section for
mease¥ing an Bffectd veSt Packt THEEHY BdetHaWRF ait SPYEMT hd FERTSEHRG IS head

B, a compulsngeanf. dgkerataing.aeqld op, fary COMPURLAY dndifer gnce between a
desi gn value and a neasured val ue neasured by the neasuring 'sécdti on and
determi ni ng aI®ptiIumMeurzentexal apaappyi edraeirihe stlcenoig, sandiaicidgrent

adj usting section for adjusting current aggli d to the solenoid to ohtain a
current RAFERI UefEIMiRgd 3% Bhe ' Hohpit | REREFPdeTeRIFNIGy ket Mggnetic

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

~

varies on the reproducing head shown in FIG. 2;




_ 1z 22 March 2004 As shown in FIG 5, a magnetic resistance film1l in
the vicinity of the hard magnetic film 3 actually includes azﬁgm&gg Bbgg
filminert region 9, which cannot functioB as a reproduci ng §énsor because
of the influence of magnetismfromthe hard magnetic film3 ( a spindle
filmin sone cases ) . An effective track wdth is narrowed because the
reproduci ng fi11pigers jEegisair - eapaetaf ¥pshigosneningsenseprofac iy sead
reason, the followng operation is suitably performed by using the wring
pattern 7 t@péthguanmef fechaygetriack e@bnéing aedeisignacaiousiimgneby, an
effective track width of the reproducing head H is neasured by the

measuri ng Emttodimeatdif feef ehbe beessnt al MEEsHAEd val ue and a desi gn val ue

is computed by the conputing and determ ning section to determne,. an, .

opti UM cur r ent i 46, L 8Adt GNFSAL S £OXPRELEA ByIY A RAPENE & LRT Fhye
section to obtain a_determ ned current val ue..Nangly,. e fectiye
track wi dt FERsdEsvidthe Odmdt I’%‘??n‘é’ﬁlllgerﬁeq%rgbﬁﬁir@ée)({loc hgcgg ?nlor?% JElgt 0
increase the.reproducigg filmin regi .an effective track wdth
needs to b qqg{;ﬂ?nfegeﬂﬁaéﬂﬁré%%sfgﬁggngzﬁyﬁgﬂfhe solenoid 4 to
decrease the repredugi ng {ildyé NS Em @Kk PP ShodhagabRre oRer abpedinkiasg it
possible to nndlgy an effective track wwdth close to a design value. An
effective heack régid bervar ijadfstteatdodi;s@erdi ons in size or the like
caused during manufacturing and due to the influence of a skew angle, a
head flying hei §AG.oB tise 3 ikepreaupddianeitByt | fhardet alot b ifigdargram
effective track wwdth to_a design_value on_the, reproducin ead_of .t.
magnet i c r EBEWdINGG thas tbhe re 30411%%1‘%}?‘%‘1266&%355&& Be P?n&%ﬁgcgﬁg\%’
Enbodi ment 2, the foll ow ng operations are perfornmed in a process of

shi ppi ng the reproducing head to a factory. The nenbers including the
reproducingeg%a%dyéaf@ﬂi@g&g@jﬁgt@@tsaﬁ@ rmefesentennuner al s as Enbodi nent
2. As shown in a flowhart of "FIG 6, in #1, initial settings are made on a
target track wigébeT¥WOng teoldaroithgsiyrehe foddnwing anill fdesarkbgnbhet d,
a maxi mum of f-track nunmbér N, and a nmeasured track n. Ln #2, for each track
of a magnedetaidcerfdithe neabamimerntts epf o8& B SRR r 2RYE A X burst and a
B burst, mhicgﬂgave begﬂ witten by a servo track witer in advance,
conpar i son{¥BPREFEEHT out puts of the A burst and the B burst, and a track
center DOis sgf,at ? RAs ‘@%&ER Q¥ RAB SF AE8ra8YRIn &F GS: mAGRktaRd

7(b) show wavefor s, ich are forne en servo information is read by the

repr oduci nge 828 i nANA W ERe hBcH3d iTRASHUS epmbbddatemt sl woift tée geiexemt
recordi ng head at, a position of the track center DO. At this nonent, a 2T
pattern isinsedtfion.a FIG.0 2 rehowscy dorf bxanpraon & e BaIBEEACa 60- MHz
servo frequency, a repetitive pattern of 1

i itten. |In #4
regi ster GieRPLBET PRTdclOhudbBrINetdg hfa zﬁéﬁgiﬁgé&ﬁgguf?%&ﬁﬁﬁgdﬁjis
t at Ep = 0, d ff-t : )| t
o st at 3T eREody oAk S5 OF EhE i e E8 w SpoRai o REVACH, DA
amunt i igygetyl nré?eréﬁ’%ﬁ?%éé‘t %nA#Qen%tre%O@%ﬂ@tB@aﬂeBoQﬂﬁQﬁj ng
i

the magneti'c recording mediumA is off-tracked by a distance d fromthe
track centetqthi nrafERlerths eghheactamd ubenbtest aoregfradec i pgoheiany

medi um), and positioning is nmade at a : )
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




- 14 - 22 March 2004 position D= D1l (witing position of neasurenent data,
i,e., displacenent fromthe track center, DO + j x d, In #7, nggrgﬁgg@u:i ng
output E of the nmeasurenent data is nEasured at the position D. Here, since
t he measurenment data is witten at the track center in the present

enbodi nent, D1 = O is obtained. Next, in #8, the measured reproduci nqr

out put E,;L? coppaed Mif a,r epddref ageogepuiuEpralo3 WARMCFS & h@grd

val ue. In the case where the measured val ue is | ar ger, th?n lt1he set éajlhéle,
the reprggchag ieualim WHicstin el spoaeddn P LB Epdst O Enk PP aaTtityg
output in #9, and an off-track value jp_ at this,nmonment,.i ol ed a set
val ue j afespsobhce atklnudbealond ihe é8§81\?ﬁﬁqén§§rrgd‘§lsjerczédlc\gfgl agﬁof a
reproducing output is snaller than,the s | ue: LRt il r Setival e i s
mai nt ai nexbp BuBSeguARIYELLR #fff?alq hJenségt‘sv I%urggei’tgﬁé fhe track number N
are conpared with each other. In.the c yhere 1t B tehsvRive jsiafseal |l er,
t he set \%}E@rFSFSBPE&%ﬁnJﬁﬂ?ggy 1ﬁ‘?ﬁa#11} and then the operati Onrs?gOf
#6 and later . are ¢ i " Johies asee Whel g 1 heasédta v teer failsshaiyger
in #12, Y5 %ﬁ%r’gg%gggé%& put EP is detected when a reproducing
output EJs %c%ﬁg pedks fEefh@wWed Nfdd Ghe. hardimagnatiCafid® 3w in an
outer periphéera irection and an off-track amount TW2 in an ianer .
peri pheral  di nectéevear e rddeasnme MReLAE -4 GRIC BB UAHS CRAELHT r &Pofds to

a reproduci ng output EP/2, which is 50$ qof. t he, paxi L eRk ' Jdt-put
poi nt EP.isAndbendpatatinsh t%enEQEdoﬂaﬁﬁe&“f%cflrg’g Pp?i?ﬁirw!%&%ﬁ Iw e\?\ﬁlgg:h -
15 - 22 March 2004 is defined as a.di t:hRa Diderdd BEkeanbynt s
TW and P&EighancRed i ]#f§£(fecf ‘fén?%gélﬁg%gﬁéﬂﬁgggll f ”?fee ef f ectei veyt rack

wi dth TWis egual agk Wi G TR d WahghetsiclesilmbBe oRedesigneewen
the ef fe@H l?aagbg‘vﬁ%axﬁ% ?goﬁ%t equal, a solenoid current ampunt i is
changed if, #1451 28d difo 0RE! at carx eft #enadaltding aiecuatri 8RIGR. At a
current anount %avi ng an effective track width TWequal to.t hg .tsracge&/i dth
TWO, whi gferisraesir ablrarant desphhedt he BPer aPLERO LY & St 8d 5 ERY
mentioned earlier, it is possible to find an_opt] ngyof current
appl i ed tim theprerapdi bt ¥2Eofr dSForftfity Y%geg%%at rEachﬂ(;?Et h(% magnet i ¢
recordi ng nedium A_ _Additi onal Jhaly eniftesf acwikanly @epdtiernt o
the sole Cﬁlﬁlﬂﬁ?lﬁé"dé‘f%fﬁﬁléléef %pm%gé:h track of the magnetic recording
medi um A 6COr dl0ge k@13 Uit £ohragpunt cdbtraiorectia ¢her ahbygengmatin @ran
amount cUrHen may Dbe determned for each track group, which is coripcgsed of
a plural ictjyﬁ]c_qji{;rgclé@ aHangsetehaidr deanty ¢ anl ee8r 2Fe§NEN™ & ar
t

regi on of e magnetic recording .nmedji um A, ) )
’ 3 on angFPC (flexiblegwiring. boéard) 8, which is placed on

her

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




Meanwhi l e, in the magnetic recordi ng nmedium A, executing neans such as a

programis placed in a nenory in front of each data region, Eﬂﬁwﬁ%ﬁcgbhng
means carries out the flow of conputing af anount of current app ie& to the
solenoid 4 in the above manner. Wth this arrangenent, the executing neans
Is read every tinme the reproducing head H shifts to a desired data region

of the magnetic recordi i : renty of B Es amibnetis
adj ust ed afl r&ﬁ’geefrfg 9 3%%?&8%%\%& [ 53 'b%gd'gﬁ} %g ose tos e? I(leegjingn .

val ue. - - Al gfic recording device conprising a magnetic
head ( B) uégﬁggélgiéFgﬁgg?ggétenl said head having a hard bias 5 film(3)

for adding a megngti ¢ theld t9 magBRendd ¢ reld stespenkid mydyeinedative

| ongi tudi nal bias direction and for ccntrolling a nmagnetic donmin, a

sol enoi d (4 prevriledyi ofshodghiandiinat $ism n3Pnedd zal Leni HgtiRe -maddketic
field running in a longitudinal bias direction, and a_current 10 contral
means for @mhsroffl pug inetes uiERESERES @R rewtPetpPPldR 9% 23R @BofREREi d

4), characterized in that said current control COMMr.i Ses;

Ena?asuri ng @EctbER 1EGATERREPAGIET & (RREPFE agéﬁeagﬁd?ﬁWo%r%gi ghe
magneti ¢ head ;1= a_co tdn d L m,Nign cti [ S a
di?fer;ncé3%5§&gén aAﬁeggﬁgggth%ﬁgﬁ%éag&géghgy ?ﬁgﬂﬁegggf%%gﬁgég?rgﬁégnd a

desi gn val yie.. ;and. det eiiangs -4 1LYt ¥@i Ha1bBsad RAghke GUMLs At oDio
result; and a current adjusting sectlon for adjusting current 20 supplied

to said sql@agpigs(d)7ianguchog manadbhcamd D it @i appeamsr omt hyslteresis

determ ned. by said conputing and determ ning section. .
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,:U:isunderstoodthatsinglemagneticdomainsareformed
on the magnetic resistance film 1.

However, the larger a longitudinal bias magnetization
ratio, the gentler the inclination of a slope on'th-g magnetic
field response curve. When a longitudinal bias
magnetization ratio is too large, a sensitivity of an element
is deteriorated and a reprcducing 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




2. The magnetic recording device according to claim1, 2~ further

conprising a current generating circuit 55) rear said magnet iy ZQEL to
generate |ongitudinal bias current suppltéd—to said sol enoid . 3. e

magneti c recordi ng device according to claim;m1, 30 w.”. ereir. current
control nmeans for controlling |ongitudinal bias current supplied to said

sol enoid (Shy¢ & G ELRG PRt D T hBhaceath@noacatsieerns anf (Ex rdthaseian
magneti c h%gg‘ 2%%%hrc%c2064 -1S (B) . 4. A nethod of adjusting a magnetic

head (B) ofhod gy d didse syseemitadangon bdr cuxizsnti appl3ded %o aibeng a 5
magnetic field to a magnetic resistance film (1) in a | ongitudinal bias
direction aodenaridont isl made aemeneibd edorid: nis cRAFSLES A pjcrease

controlling current supplied to a solenoid (4) provided _an said hard bias
film (3) sendsdasnerseaselonadci@haalabi®s %HE%F‘ﬁgf?lr‘?e]T "region (9) of

i d tic head (B) b f tic fi 4 i
ol onoi 4 (4) . aRBnGEmyCHRNGHES SR AT SRS TW 5 A Tathog- OFd
dj usting th tic head hRg 5! |8 ik £ £ &at s
R e L g e R e e
of said ”agge"k%e%%dal( B)n MSLRENHR REr2V@tHe ot Ser pests ihipel tedbtingai d
y~canp

sol enoi d ( C uting and”determ ning neans based cn a neasured 20
val ue neasgfedrepicRiyc BRf BedesiEyntoahustadie cprratinggpodattubyYent by
current adjusting nmeans to obtain the determ ned, current value. 6, A
magneti ¢ radgnditiggredimagneniai firddepsadueednbang b8ngdtudinatiktas

series of operations of:

direction by means of current applied to the solenoid 4.

(Embodiment 2)

FIG. 5 shows a configuration of a magnetic sensing part
ofaxeproducingheadofzimagneticrecordingdeviceaccording
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
functioné aré indicated by the same reference numerals as
FIG. 2 and the description thereof is omitted. Refer toFIGS.
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 appliedto 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.




nmeasuring an effective track width (TW of a magnetic head iB) by nmeans of
nmeasuring means; determning a value of current supplied to haly (4)
by conputing and determ ning neans based Ioh = nmeasured 30 va?gi%hﬁggggﬁed
thereby and a design value; and controlling the current by means of current
adj usting neans to obtain the determ ned current val ue.
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to determine an optimum current value, and current is adjusted
by the current adjusting_section to cbtain a determined
current value.

Namely, when an effective trackwidthneeds 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 cf 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
arenmdecx1atargettrackwidthTWO,asolenoidcurrentamount
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.

aAnd then, in #3, measurement data is written using a
recording head at a position of the track center b0. At this
moment, aIZT pattern is used fdr 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 3

-N, a reproducing output is set at Ep = 0, and an off-track
value at the peak of a reproducing ocutput 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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reproducing output E of the measurement data 1s 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 inFIG. 8. An off-track amount

TW1 in an outer peripheral direction and an off-track amcunt

TW2 in an inner peripheral direction are detected. The

off-trackamountTWlcorrespondstoeareproducingoutputEP/z,
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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and Tw2.

And then, in #13, determination is made if the effective

track width TW is equal to a track width TWO, 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 TWO, 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 abovelmanner 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_recordihg medium A.
Meanwhile,:h1themagneticrecordingmedimnA,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 solencid
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1. A magnetic recording device comprising a magnetic head
(E) using a hard bias system, said head having a hard bias
5 film (3) for adding a magnetic field to a magnetic
in a longitudinal bias direction and fer

resistance film (1}

centrolling a magnetic domain, a solencid (4) provided in

said hard bias £ilm (3) and adjusting the magnetic field

running in a longitudinal bias direction, and a current

10 contreol means £for controlling longitudinal bias current

supplied to said solencid (4), characterized in that said

current contrcl means comprises:

a measuring section for measuring an effective track

width (TW) of said magnetic head (B);
15 a computing and determining secticn 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 solencid (4) in such a manner as to cbtain

a current value determined. by said computing and determining

section.

2. The magnetic recording device accerding to c¢laim 1,

25 further comprising a current generating circuit (5) near

said magnetic head (B) to generate longitudinal bias current

supplied to said solenocid (4).

3. The magnetic recording device according to claim 1,

30 wherein current control means for controlling longitudinal

bias current supplied to said solenocid (4) 1is a wiring

on a suspension {C) of said magnetic head

pattern (7) placed
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4. 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 f£ilm (1) in a
lengitudinal bias direction and for contrelling a magnetic
domain, characterized by

contreclling current supplied to a solencid (4) provided

on said hard bias film (3} so as to increase or decrease a

reproducing inert regiocn (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

to claim 4, further comprising the steps of:

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

determining a wvalue of current supplied to said solencid
(4) by computing and determining means based con a measured
value measured thereby and a design value; and

controlling the current by current adjusting means to

obtain the determined current value.

6. A magnetic recording medium containing executing means

for executing a series of operations of:

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

Cetermining a wvalue c¢f current supplied to a solenoid
(4) by computing and determining means basged on a measured
value measured thereby and a design value; and

contrelling the current by means of current adjusting

means to obtain the determined current value.




