21 SEP 2005 METHOD FOR CONTROLLI NG MAGNETI C RECORDI NG | N MAGNETI C
RECORDI NG MEDI UM AND CONTROL DEVI CE FOR MAGNETI C RECORDI NG Fi el d of the
| nvention The present invention relates to a method for contrdfl$ER 2005
magnetic recording in a magnetic recording nedium and a control device
for magnetic recording, which can be used in particular with nmagnetic

transfer technol 09‘% far recordi ng magneti zation i erpend| cuI ar to the
recordi ng surfa tﬁ@fﬁ“r% Fﬁgopﬁﬁﬂﬁr%d’ﬁﬁﬂﬁlﬁ'@ SOt MAENESSC

per pendi cul ar magnetic recordin Prior_art The magnetic transfer

t echnol ogy accorthigPty®t hEEPY or%t?@’l‘&%l aPRELCE n KOhndFTEF R th t he

exanpl es thereqf, Convent| onal art exanple 1 Now a first exanple of the
conventi onal artREICQRB}ﬁ?al ned with reference to Fig. 15(a) through Fig.
16(b). 1 21 SEP 2005 Fig. 15(a) through Fig. 16(b) explain the principle of
magneti c transfer technol ogy which perforns nmagnetic transfer onto the
recordi ng surface of a magnetic recording nedium Fig. 15(a) is a

cross-sect i opal, yignehar r&Rl Al ng

The present invention relates to a method for
controlling magnetic recording in a magnetic recording
medium, and a control device for magnetic recording, which
can be used in particular with magnetic transfer technology
for 1recording magnetization in perpendicular to the
recording surface of the magnetic recording medium (the so-

called perpendicular magnetic recording medium) .

Prior art

The magnetic transfer technology according to the

prior art is explained in connection with the examples

thereof.

Conventional art example 1

Now a first example of the conventional art is

explained with reference to Fig. 15(a) through Fig. 16(b).



the initial magnetization of the so-called |ongitudinal nagnetic recording
medi um the nagnetization thereof is parallel to the recording surface
thereof. Fig. 15(b) is another cross-sectional view for explaldi 8P t20685
transfer nmagnetization of the |ongitudinal magnetic recording nedium A
magnetic recording disc 2 is positioned, as a |ongitudinal magnetic
recordi ng nmedi um _on spindle stage 6_rotatable in the djrection

i ndi cated by an aEFJr%W%iSrfaPEi ZerO‘iqjﬂ ?%)g'. 1/@\?? N §,Elei REFUHRG & magnet
3a and yokes_3b, .is positioned . at.a pasitiop.spaced art for a.distance
D in the urb‘%%frl%lthﬁ r et on Fr ont1et hélorgg rdi”ﬁbc}gur %E’ggro S th%agnﬁﬁéﬁeti C

recording di §fagsf§;roitn§_%r th8 P@éc%)fdln%l SGrPadavifg én%gglre*:'{@lllé b1 naoft

magneti c patterns pl aced above ™ the recordin ace of the’magnetic
recordi ng di g&g2am.The ring head 3 generates a magnetic field in parallel

to the circunferential direction of the magnetic recording disc 2 (that
is, the parallel direction X). The direction of the magnetic field applied
inthe initial magnetization 2 2 1 SEP 2005 process and the direction of
the magnetic field applied in the transfer nmagnetization process are
opposite to each Figt-hekS (sPorig eeocdpag-egntdonad |vaeyi tiiadi rexpladgaati c
recording nmedium, first the magnetic recording mediumis_ magnetized, as
shown in Fi gthas5daytish drergrreztion aft Hibe tse-called longitudinal

magnetic recording medium, the magnetization thereof is
parallel to the recording surface thereof. Fig. 15(b) is
another cross-sectional view for explaining the transfer

magnetization of the longitudinal magnetic recording medium.

A magnetic recording disc 2 1is positioned, as a
longitudinal magnetic recording medium, on a spindle stage
6 rotatable in the direction indicated by an arrow in Fig.
15(a). A ring head 3, including a magnet 3a and yokes 3b,
is positioned at a position spaced apart for a distance Di
in the upward direction from the recording surface of the
magnetic recording disc 2. Further, a master disc 5 having
a plurality of soft magnetic patterns 5a is placed above

the recording surface of the magnetic recording disc 2.

The ring head 3 generates a magnetic field in parallel
to the circumferential direction of the magnetic recording
disc 2 (that is, the parallel direction X). The direction

of the magnetic field applied in the initial magnetization



recordi ng surface of the nmagnetic recording mediumusing the ring head 3
(initial magnetization). Then, as shown in Fig. 15(b), the ring head 3 is
made to approach the magnetic recording disc 2 fromthe dista2deSEMDR00§ o
the distance Dp, and a nmagnetic field, in the direction opposite the
ini'tial magnetization, is applied to the master disc 5 and nagnetic
recording disc 2, which are .in close contact with eac t her.. The magnetic
field gener aPEACHP (A 1 ﬁg_dﬁéﬁat%‘_”éa‘?éoq‘e r“@\?é’%éct%e&lcﬁiaﬁp&lled meo

or di ng, nedi nce the na}g%gtitc f£el dalcgcal i zes

magneti zati op of .th e um i
(o the soft haEnserastEEOhEond: [EAth plodlel. % MBONGLS LFF 1 P Rronever

the nmagnetig fdld generated by the ring head 3 causes a |eakage nagnetic
field in the portions of the magnetic recording mediumnot facing to any

soft magnetic layer, and the Ieakage ma%gﬁti c. field reverses the initial
magnet i zati on of H¥e IREGRSITE FECoHengoREHT Ithhnalnme fRet iy e PRI R t

magneti c patt%n 5a§of %hg mast er gi sc_5 is.recorded as a rra%r%eti ation
pattern, t he"F Py SEBsho0BS dPERe T bh T HEFESF Y] Ié‘eojplb%slﬁ &30t ré&%G1 recti on
of the initjal etjzatd.on i | angi inal_ditecti (;t ha is, the
paral |l el di rée%t isjc?);?i)gl% _. LE)JeEfl%d tEEéR%),rs'i n%%p! éngp érie%_lééggbo‘s\z%hlﬁlt |£}s]e _
necessary thatoddigqdidieehian o de Appldiad agRekifyf kehdu@Prkiggd in

the ring head 3 (initial magnetization).

Then, as shown in Fig. 15(b), the ring head 3 is made
to approach the magnetic recording disc 2 from the distance
Di to the distance Dp, and a magnetic field, in the
Airection opposite the initial magnetization, is applied to
the master disc 5 and magnetic recording disc 2, which are

in close contact with each other.

The magnetic field generated by the ring head 3 cannot
reverse the initial magnetization of the recording medium,
since the magnetic field localizes to the soft magnetic
patterns 5a with high magnetic permeability. However, the
magnetic field generated by the ring head 3 causes a
leakage magnetic field in the portions of the magnetic
recording medium not facing to any soft magnetic layer, and
the leakage magnetic field reverses the initial

magnetization of the magnetic recording medium.

In this way, the soft magnetic pattern 5a of the

master disc 5 is recorded as a magnetization pattern, the



the initial magnetization process and the direction of the applied

magnetic field applied in the transfer nmagnetization process fo1r

| ongi tudi nal nagnetic recording nedia be opposite to each ot het | S,ﬁPg_ZUUS

16(a) is a cross-sectional view for explaining the initial magnetization

of the so-called perpendicular mnagnetic recording nmedium the

magneti zation, t hereof s erpendicul ar, to (in_the perpendi cul ar direction
1£1‘6 s‘iO fgsy-‘e

Y of) the r@tFdiIG stRFerRf t Aér BPOSHES. (e LHEFSTRERr &

sectional viewf.or, explaining.the.transfer nagnetizati.on of tg
¢ 1 SXR ¢
per pendi cul at" haghet' cgnreé:clc%lagllﬂ% rlrrédl%ﬁem 1 ROt he T oéalroafc fagn t%lhéttransfer

to the perpendiGy ag JRDELE Ly Cq._(‘ig;]dkpg medi a, the direction of the
[ I I

applied magnetic field nerely changes fromthe foregoing parallel
direction X to the perpendicular, directigon Y. The direction of the applied
magnetic field &Pl it@dtPR PRERFIRIGnegReeiati BPO%rd tthel Wine&essahY of t he
applied magneti.c .fiel.d applied in transfer, K nmagneti zati o are.opposite to
eheh ot hor e epeS 5RECHT St heuRBet S TREPRELR E-el iR ed Ehe
principle o e . ho ppgnetic Lr er_to.the,l i;tudipal, magnetic
recordi ng ne%}efj%%llqﬁgllsﬁ_ﬁgéeéssaryO_tnh_g%otgggg %?(?e%l]ti{o%lsr%o%?l% eogplf)]il? ed
{mgne;l c fieldsiappligdghocibe #i1ld al pRYDEyi zaf i on yHLOCess ;80884 N the
ransfer

magnetization process for longitudinal magnetic recording

media be opposite to each other.

Fig. 1l6(a) is a cross-sectional view for explaining
the initial magnetization of the so-called perpendicular
magnetic recording medium, - the magnetization thereof is
perpendicular to (in the perpendicular direction Y of) the
recording surface thereof. Fig. 1l6(b) is another cross-
sectional view for explaining the transfer magnetization of

the perpendicular magnetic recording medium.

In the method of magnetic transfer to the
perpendicular magnetic recording media, the direction of
the applied magnetic field merely changes from the
foregoing parallel direction X to the perpendicular
direction Y. The direction of the applied magnetic field
applied in initial magnetization and the direction of the
applied magnetic field applied in transfer magnetization

are opposite to each other.



magneti zati on process be opposite to each other. Conventional art exanple 2
A second exanple of the conventional art is explained with re;frsﬂgg @g
Fig. 17(a) through Fig. 18(b). Fig. 17 (a) is a cross-section 1 w3 ¢
explaining the process of initial magnetization of the magnetic recording
disc 2. Fig. 17(b) is another cross-sectional view for explaining t he

process of initi netization_of .the ghet.i.c Jg cor dISC . In Fig.
17(a), two singl%lﬁg? Thedls %8e?nﬁﬁéﬂflpﬂ%g BT S & §I| ndd Y n®

per pendi cul aret ghé gttlﬂ prﬁgéiﬂectqtlcartgérq etf 09 tﬂ‘é) i\ mt%l g?ﬁe magnet i ¢

R
recordi ng disc 6Si t1 oned symetrica respec

recor di ng C“ﬁ%bﬂ%tlzherQBSPéiﬂd3 %%RHTQﬂnglg'SES 1n¥@6§§é h%95€d tR.the
spindle stage 6, is inserted such that the surface of t magnet | c

recordi ng dkﬁ&é%tl@ﬂsWBEC&h@agﬂﬁﬂhﬁdth&@%@@&cl$1eP@§f9@ﬁE$de£Hn€ths with
the symmetry plane 0 spaced apart for an equal distance D from each of the

magneti ¢ polasitdhl5 Zndgn8iRz2006nt herbwessi nghne- palre helels tradbeeragni t ude
of the perpendicul ar conponent of the magnetic field created in the
symetry pl argnsyizhtionwpraiesgl bepoprohidadsol epshsetterral OCe, which is
substantially small conpared with the coercive force He of the magnetic

Conventional art example 2

A second example of the conventional art is explained

with reference to Fig. 17(a) through Fig. 18(b).

Fig. 17 (a) is a cross-sectional view for explaining
the process of initial magnetization of the magnetic
recording disc 2. Fig. 17(b) is another cross-sectional
view for explaining the process of initial magnetization of

the magnetic recording disc 2.

In Fig. 17(a), two single-pole heads (permanent
magnets) 1 are aligned in perpendicular to (in the
perpendicular direction Y of) the magnetic recording disc 2
and positioned symmetrically with respect to the magnetic

recording disc 2.

The magnetic recording disc 2, vacuum-chucked to the
spindle stage 6, is inserted such that the surface of the
magnetic recording disc 2, on which magnetic transfer is
performed, coincides with the symmetry plane 0 spaced apart

for an equal distance D from each of the magnetic poles of

5



recording nedia currently in use (around 3000 Ge) . The distance D at this
stage is from5 to 10 cm In Fig. 17(b), the pair of single-pole heads 1
which are spaced apart fromthe magnetic recording medi um for 2hesgh ggance
Din Fig. 17(a) are nade to approach the recording mnedium while
mai'ntai ning a symretrical arrangenent with respect to the symetry plane
at which the recordin surface of the recordi ng nmediumis positioned,
until the dF8g ?aﬁﬁbngggﬁep? %oﬁ%ﬁQﬁg mediumis Di. Then, the entire surface
of the magnetic recording disc 2 is magnetized in a single di rection
(perpendi cul ar tThe hreagyihveter yoipl @ne) poyperatiavilag tcompepemd| efstthge 6. At
this stage, the distance DI is from2 nmto 3 mm and the nagnitude of the
perpendlcuIamag%ﬁﬁﬁﬁnﬁ#ﬁ%be¢b%ﬁa¥%ui%rtb% sheneeeor Bl ane shy f &8e) top the
magnetic field applied to the magnetic recordln disc 2 is from5000 to
6000 Ce. Fi gSiABepole &eééésé sectSeyRapLvPaw ¥ %C%xbfaf?ﬁ?ﬁf“ﬁﬁﬁélﬁrocess
of transfer %fftlzatlog t%h% netlc r cordl qH]n12 F%
i s another cPB3s: se®PeESSI “ath1 taEp 566%1 o ai %ufﬁlﬂ? gfocess of
transfer ma 0 e rd| i F| 18 a
IpELd AALl0 f}nedala EufBGNeL C14 e6ak ora%q Wiy b8 F e 18(2),

t he magnetic recor cked spin age
i nserted betM@%%bﬂdﬁoDrbegthls stage is from 5 to 10 cm.

In Fig. 17(b), the pair of single-pole heads 1 which
are spaced apart from the magnetic recording medium for the
distance D in Fig. 17(a) are made to approach the recording
medium, while maintaining a symmetrical arrangement with
respect to the symmetry plane at which the recording
surface of the recording medium is positioned, until the

distance to the recording medium is Di.

Then, the entire surface of the magnetic recording
disc 2 is magnetized in a single direction (perpendicular

to the symmetry plane) by rotating the spindle stage 6.

At this stage, the distance Di is from 2 mm to 3 mm,
and the mégnitude of the perpendicular
component (perpendicular to the recording surface) of the
magnetic field applied to the magnetic recording disc 2 is

from 5000 to 6000 Oe.

Fig. 18(a) 1is a cross-sectional view for explaining
the process of transfer magnetization of the magnetic

recording medium 2. Fig. 18(b) is another cross-sectional



heads 3, such that the surface, on which magnetic transfer is perforned,

of the magnetic recording disc 2 coincides wth the symmetry plane 0 which
is spaced apart for an equal distance D fromthe gaps of the2tdwsEP 2005
symmetrically positioned ring heads (pernmanent magnets) 3. Then, a naster
disc 5is placed in close contact with the nmagnetic recording disc 2. At
this stage, since the magnitude of the perpendicul ar conponent or of the
paral | el conpidterfiolofeHeinfagnébpc PEPERSS cPRat B Htet HedhwkAERE{CODl ane by
the two ring Q&gds 3 is, several Ce, whjch_is small conpared with the
coercive for®e BRIRAE. A fIFTAe P RSt dhd ‘nedia currently in use (around

3000 Ce), magnetic transfer is not conducted yet. The distance D at this
stage is in the dandgeg.bétieen Bhandadietim |iderdiag shewn2i mafagn- 17(a).
In Fig. 18(a), the pair of ring heads 3, spaced apart for the distance D
from t he magietckedr éeordispgnatdi abggar®e ismbesadedppessennt higo nagret i c
recordi ng medium while nmaintaining a symmetrical arrangenment with respect
to the symhsed§ grafacht thnt cHhe i3EfeCsr dPRgWRLFR Jeaonstiché&rapekdyt di ng
medi umis positioned ntil_ the distance to the,7 21, SEP,_2005 recording
Tedi um | 5 D® HRAOHRE” s i diie AT TG SoFBEGEY. SHRSUPt PR FHOShmgnet i
transfer to V}lt%% etr};[el rseyn%rlilergr%/cepfgnet h& %gc@ﬁt Ii% spaced apart for an

equal distance D from the gaps of the two symmetrically

positioned ring heads (permanent magnets) 3. Then, a master

disc 5 1is placed in <close contact with the magnetic

recording disc 2.

At this stage, since the magnitude of the
perpendicular component or of the parallel component of the
magnetic field created at the symmetry plane by the two
ring heads 3 is several Oe, which is small compared with
the coercive force Hc of the magnetic recording media
currently in use (around 3000 Oe), magnetic transfer is not
conducted yet. The distance D at this stage is in the range

between 5 and 10 cm like that shown in Fig. 17(a).

In Fig. 18(a), the pair of ring heads 3, spaced apart
for the distance D from the magnetic recording medium, are
made to approach the magnetic recording medium, while
maintaining a symmetrical arrangement with respect to the
symmetry plane at which the recording surface of the

recording medium is positioned, until the distance to the



recording disc 2. The distance Dp at this stage is from3 mmto 5 nm
Probl ens to be solved by the invention Fig. 19 and Fig. 20 show the
magnetic field distribution in the surface of the magnetic r@biSaPnzjos
medi um i medi ately bel ow the soft magnetic patterns 5a when a magnetic
field is applied in the parallel direction X of the soft magnetic patterns
5a enbedded in_the master disc using a ring head 3. Fig. 19 shows the
di stribution™®f°t é“bgfgﬁPEIl%&%bonent of the magnetic field. The magnetic
transfer to the longitudinal magnetic recording nmedi um described with
reference to Fi g.ThE3(b)thq sspiet¥eor peabat | Lz iptatedpargsbétiednponent of
the magnetic field in Fig. 19. In Fig. 19, the magnitude of the magnetic
field is evePRRI‘E posatiieg, EhdthPeSphtst | EPTERADORENHES Ma@PeEéEed i n
only one direction. For. this reasaon, the direction of the.initial
magnet i zat i oh® ST |dr&ﬁ§i lzudiTﬁﬁl AN | X & oty TRE8i 45dEEETi Bed above
must be in t&g (gQJ%%}ion opposite the transfer nagnetization. 21 SEP 2005
However, a proﬁfen1exrsts with respect to magnetization in the
per pendi cular direction Y. Fig. 20 shows the distribution of the
per pendi cul aPrABEFSnERt Pef sedieedrbyn&he civventionConsi dering the distribution
of the perpendicul ar

Fig. 19 and Fig. 20 show the magnetic field

distribution in the surface of the magnetic recording
medium immediately below the soft magnetic patterns 5a when
a magnetic field is applied in the parallel direction X of
the soft magnetic patterns 5a embedded in the master disc 5

using a ring head 3.

Fig. 19 shows the distribution of the parallel

component of the magnetic field.

The magnetic transfer to the 1longitudinal magnetic
recording medium described with reference to Fig. 15(b), is
performed utilizing the parallel component of the magnetic
field in Fig. 19. In Fig. 19, the magnitude of the magnetic
field is everywhere positive, and the parallel component is
directed in only one direction. For this reason, the
direction of the initial magnetization of the longitudinal
magnetic recording media described above must be in the

direction opposite the transfer magnetization.



conponent of the magnetic field with reference to Fig. 20, the direction
of -t he perpendi cul ar conponent has peaks in two directions, positive and
negative, over one cycle of the soft magnetic pattern 5a. Her2é $HR 2005
indicates that, even if the nmagnetic recording mediumis not initially
magneti zed in advance in one direction (even if the nmedium is not

magneti zed in ad\ﬁaomég 5:” a gpecg%I $1 8 re%g(llg@% tm_a sofltes:g;%g@etlg opatterns

5a can be transferr ows the wave ormo the transferred signal

8 read out arﬁ%:é%{eﬂfi%ft%ﬂ‘ﬂg L rB@nBEéﬁ‘ﬁJPrdlrf%%%hZ@t' on described with
reference to Figs. 18(a) and 18 b) w t hout pl aci ng the recordi ng medi um

ina particularly,.stroqng ,magnetic field after f gtherecor ing | ayer
of the magnetic Frlgcorzg) nsgh%gsd U?ﬁ b St PRg © Th@%p@%’ﬁfnﬁ c8ctéd

transferred SI n%ﬁ‘;‘ iLnLensid ¥, D@letgndftgfddommard directed transferred

si gnal i nt enSt are eq uat® Ft51S seen that a symmetri cal

transferred si gnal 8 is obt ai ned That is, according to the transfer

met hod descri bed CRPEhdeBiRG erfde t 8 1FtEELULM) o&ndth8( Werpendicylant

necessary to initially ma netize the recordi ng 9 21 SEP 2005 nediumin
i

advance in OffERAFEEL PBn e e khdietgdnyit ljef%rf%\k? tHhe-t FAnsferred
signal 8 tratr]_'f{e red é ﬁ ttilansf%r n&g ueltlzatlon ngs%rl bed w W th
reference to gcgl SL8Y 8hd T8 BfIPE Y heular compone as peaks 1n
‘ two directions, positive and negative, over one cycle of
the soft magnetic pattern 5a. Hence this indicates that,
even 1f the magnetic recording medium is not initially
magnetized in advance in one direction (even if the medium
is not magnetized in advance in a specific direction), the

soft magnetic patterns 5a can be transferred.

Fig. 21 shows the waveform of the transferred signal 8
read out after performing only the transfer magnetization
described with reference to Figs. 18(a) and 18(b), without
placing the recording medium in a particularly strong
maghetic field after forming the recording layer of the

magnetic recording medium by sputtering.

The upward-directed transferred signal intensity Da
and the downward-directed transferred signal intensity Db
are equal, and it is seen that a symmetrical transferred
signal 8 is obtained. That is, according to the transfer
method described with reference to Figs. 18(a) and 18 (b},

it is not necessary to initially magnetize the recording



magnetic recording nmedium first initialized by the initial magnetization
process described with reference to Figs. 17(a) and 17(b) such that the
initial magnetization is perpendicular to the magnetic record@igSEREIEmM
As is seen fromFig. 22, the waveformof the transferred signal 8 is
asymmetric, with the transferred signal intensities such that Da<Db. The

reason that a ,waveform.in which thg.trapsferred signal intensities Da and
medium in % vance, L.n_one ilrec J(_:Pn. . .
Db are equal Ts nof obtainédis considered 1'n the following way. Since the

magnetic recording mediumis magnetized in one of the directions in
advance by the i ®nti&e @&HAEL iAG,onFde - Fidgs. shovm) thad trppsferredi s
difficult to  nake the magnitudes of the recorded upward-directed

magnet i zati och-Fd ddnweF I HhisEeted Wagnkhts zat T i&quaImagngtdration

tic field [, i i.tud ite,i di i i ke that
Shown i 0 F o5 Pet o S e RS P aRLRr Bt 1ohe I o b eBe of i gs.
18 d1 okt ) tri.cal s t ferred. sj |
Fntons i es sic FRERIMETRLGLER, EELE 1At B M ARESThEE 1 O

unal tered, therecisathén PLRBLENL t Rk ROLER! wikRCHHAYneaNNY pegper formed
in the process of transfer 10 21 SEP 2005 magnetization. In view of the

foregoing, it7(ia3 adhobpees) okuthe tHateNtRON ihOt PIOVnEEn &t MRithed fog
controlling nmagnetic
perpendicular to the magnetic recording medium.

As is seen from Fig. 22, the waveform of the
transferred signal 8 is asymmetric, with the transferred
signal intensities such that Da<Db. The reason that a
waveform in which the transferred signal intensities Da and
Db are equal is not obtained is considered in the following
way. Since the magnetic recording medium is magnetized in
one of the directions in advance by the initial
magnetization of Figs. 17(a) and 17(b), it is difficult to
make the magnitudes of the recorded upward-directed
magnetization and downward-directed magnetization equal,
even if a magnetic field equal in magnitude and opposite in
direction like that shown in Fig. 20 is applied in the

transfer magnetization process of Figs. 18(a) and 18 (b).

If the asymmetrical relation of the transferred signal
intensities, Da<Db, in the transfer magnetization process
is left unaltered, there is the problem that normal

recording cannot be performed in the process of transfer

10



recording in a magnetic recording nedium and a control device for
magneti c recordi ng, which are capable of obtaining a symmetrica
transferred signal waveforns equal in magnitude with good re@rio8BRidgsl ity,
and of performng magnetic transfer with high reliability. Means for
sol'ving the problens According to an aspect of the invention, there is
provi ded a nethod of controlling nmagnetic recording in a nagnetic
recordi ng nEtAINALEAEIARt hod including initial magnetization prior to
magnetically perform ng transfer nmagnetization on the nagnetic recording

| ayer of the nagmetview ecbr diheg fredigenngt hetmethiodni ndljeditngif atls¢ ep of
demagneti zi ng; the step of demagnetizing including applying an alternating
magnet i c fi elnyenthenpdicar Pryvider @ofmetdinghgfay, dontped perali oabaeti® or both
in perpendicular and parallel to the recording surface of the magnetic
recording |%8FOF9iRAd idec? eRAPRY 1 her PFREHIG YR i Whe 314 e? n&PPRECL nagnet i ¢

field gradually wth elapse of, tine to demagnetize the enti magneti c
recor di ng Ia%fe‘%/l.ceAd = a@%%ﬁ%‘f’;ﬁ HRECELEPY of ‘gé)rébn@triezi r‘f@p@{’rg? o;fgtnan
el ect r omagnet ratin he al ternatin petic field .11 2 1 P 2005
Che polar (y T RRGBE Bnangrestlsth endZePBte Tt et Sebesblng, daiicq

position to denpgnati,ae LAEneQbba® rABBO&ILG11M8G0" dhAT ora¥eY forming

magnetic transfer with high reliability.

Means for solving the problems

According to an aspect of the invention, there is
provided a method of controlling magnetic recording in a
magnetic recording medium, the method including initial
magnetization prior to magnetically performing transfer
magnetization on the magnetic recording layer of the
magnetic recording medium; the method including: a step of
demagnetizing; the step of demagnetizing including applying
an alternating magnetic field, the polarity thereof
changing, in perpendicular to or both in perpendicular and
parallel to the recording surface of the magnetic recording
layer; and decreasing the intensity of the alternating
magnetic field gradually with elapse of time to demagnetize

the entire magnetic recording layei.

Advantageously, the step of demagnetizing employs an

electromagnet generating the alternating magnetic field,

11



Advant ageously, the step of demagnetizing enploys a nagnetic head
including a plurality of nutually separated permanent nagnets enbedded in
a nonmagneti c base, the magnetic head generating an alternat RggpRgpEt i C
field, the alternating magnetic field being constant in tine, the
pol-arity of the alternating magnetic field changing spatially to
demagneti ze the entire magnetic recording |ayer, Advantageously, the

al t er nati ng YREgnRR 12 ¥iYe| BRexeofyerandidd i v P IheChudi®ei ¢thead in
per pendi cul ar EP the recording surface of the ng%neti%.recordin ., medi um
Advant ageoudtyItRETAPY rﬁ%ffh%”hﬁﬁhe PERNLES Py EREFEEB2BYS MY ng t he
magneti c he i i jon which traverses the nmagnetic recording

medi um mhiﬁ§“¥ﬁ8§8§s§§%%% bet ween the magnetic head and the recording

surface of the magnetic recording nmediumis held constant. Advantageously,
the magnetic reclfUPRERIRRNN i sthe peemenfli Sgmasneiidd ccR@dYdmaavi ng an

easy axis of magnetization in.the direction perpendi cular to the
Coon i ne SUPERELICAIG ANt ABEHURIRE 4 el St G SR tRd hghee o5 on

recorded i n the ggpetic,ecor dhng,qedi i i2 perpendionl ag 1z 21.9EP 2005

to the recording surface. vant ageousl y,” the magnrtude o € applied
magnetic head generating an alternating magnetic field, the
alternating magnetic field being constant in time, the
polarity of the alternating magnetic field <changing

spatially to demagnetize the entire magnetic recording

layer.

Advantageously, the alternating magnetic field is
generated by moving the magnetic head in perpendicular to

the recording surface of the magnetic recording medium.

Advantageously, the alternating magnetic field is
generated by moving the magnetic head in a direction which
traverses the magnetic recording medium, while the distance
between the magnetic head and the recording surface of the

maghetic recording medium is held constant.

Advantageously, the magnetic recording medium is a
perpendicular magnetic medium having an easy axis of
magnetization in the direction perpendicular to the

recording surface.

Advantageously, the direction of the magnetization

recorded in the magnetic recording medium is perpendicular

12



alternating magnetic field first saturates, and then decreases with the
polarity thereof changing sinusoidally wth tinme as described by the

foll owi ng equation. H(t) = A0, . g(t) . cos(2[err]f . t), wher@% SEB 205e
time, AOis the maximum applied nmagnetic field, and f is the frequency.
Advant ageousl y, the nmethod further includes a step of transfer

magneti zation perfornmed after the step of denagnetizing, the step of
transfer nmagh®t FBatiseRIAARY Ut P C%r eparing a master disc including a
nonmagneti ¢ substrate and soft magnetic |ayers of a soft magnetic materi al
enbedded i n the rohvamgretoesbybst rtdtee swmehnithaie t hefsof the magipefliied| ayers
are isolated fromeach other and aligned periodically; positioning the
mast er di sc fhteimddngonmagnetift hfigld n fdlrose pabRiatiasy t @ndhethesor di ng
surface of the mnagnetic recording |layer of the magnetic recordi ng nedi um

and applyingd%F¥ﬁﬁﬁﬁﬁiW%qm<£qfiﬁ?ﬁ&&ﬁéwléPeFSthéh?%ﬁiﬂQﬂ?&Puiﬂiﬂﬁégﬁ in
cl ose contact,with or in_ clos, ximty_to the master disc to

magnet i cal | y"t¥t rﬁﬁm§r?FnBe?ﬁES§%{$%'gh?aﬁoﬁ%?ﬁﬁﬁg PAYE R ast er disc in the
formof the soft nmagnetic patterns to the nmagnetic recording nmedium 13 2

1 SEP 2005 Accordimg Eoaanather. espexir oft)t,he invention, there is provided

a control device for controlling magnetic recording, the control device
including: a den%%%%%|zgt|f§1 the time, A, is the maximum applied

magnetic field, and f is the frequency.

Advantageously, the method further includes a step of
transfer magnetization performed after the step of
demagnetizing, the step of transfer magnetization including
preparing a master disc including a nonmagnetic substrate
and soft magnetic layers of a soft magnetic material
embedded in the nonmagnetic substrate such that the soft
magnetic layers are isolated from each other and aligned
periodically; positioning the master disc in close contact
with or in close proximity to the recording surface of the
magnetic recording layer of the magnetic recording medium;
and applying a magnetic field in parallel to the recording
surface in close contact with or in close proximity to the
master disc to magnetically transferring the servo data
stored in the master disc in the form of the soft magnetic

patterns to the magnetic recording medium.

13



means and a transfer neans; the denmagnetization nmeans applying an
alternating magnetic field in perpendicular to or in perpendicular and
parallel to the recording surface of the magnetic recording | &&rSEGf 2065
magnetic recording nedium the intensity of the alternating magnetic field
decreasing with el apse of time toinitially demagnetize the entire of the

magneti c recordi | aye the magnetic tran r nmeans, positioni ng a master
disc in close co}?%ﬁﬁy J\7\’/|gt Itloo?n‘? Noil 5§8e5Fo§frﬁﬁ}ey PEEPREOY eV di® ng surf ace

of the rragnﬁlj':(ia pc? geordi n% &leg%ast% di s¢ if CllLiqll S tn?aﬁélr%%ngagnetl o

subst_rate an urality a ers of netic
material enbedded, i thc%e %mgmeawléybﬁ;mtﬁ@ucg BQﬂé rwﬁz%ce Bnmagnetl c

| ayers are isolated fromeach other and aligned periodi caI ly; and the

magnetic trapnsi®s RANSaaAPPlatisFera HBGNSL | enti eddhdghetP3seld®l me@nkhe
recordi ng surface of the magnetic recording |layer to magnetically transfer
t he servo daappbBiioiedcn ralitkenathsd atagiadd Fikhe fioarpeofeddieudakt tongnetic
patterns to the magnetic recording nediuminitially denmagnetized by the
demagnet i zat ponimepasperddi wlarSERI2PeSaBi ¢ bf tdesbe i pecaordiofy tshefdraw ng
figures Fig. 1 (a) is a block diagramof a control device for nmagnetic
recordi ng acedbr dPAg Magnatifr FEcenbely ntaYevf ofhe masngfticorrecording

medium, the intensity of the alternating magnetic field
decreasing with elapse of time to initially demagnetize the
entire of the magnetic recording layer;< the magnetic
transfer means positioning a master disc in close contact
with or in close proximity to the recording surface of the
magnetic recording layer, the master disc including a
nonmagnetic substrate and a plurality of soft magnetic
layers of a soft magnetic material embedded in the
nonmagnetic substrate such that the soft magnetic layers
are 1isolated from each other and aligned periodically; and
the magnetic transfer means applying a magnetic field in
parallel to the recording surface of the magnetic recording
layer to magnetically transfer the servo data stored in the
master disc in the form of the soft magnetic patterns to
the magnetic recording medium initially demagnetized by the

demagnetization means.
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Fig. 1(b) is a cross-sectional view of the recording head of Fig. 1 (a);
Fig. 2 is a characteristic diagramshow ng the MH curve for g%p@ ni ng
the nethod of initial magnetization in the control of magneti€'r omﬁng
according to the invention; Fig. 3 is a cross-sectional view show ng a
configuration of a recording head according to a second enbodinent of the
i nvention including an el ectraomagnet; Fig. 48]ga) is a top plan view show ng
a confi gur atioRt S?S?Tfé’t?’é’d’ot"%i ﬁgeh‘é’éﬂ”&%&l hg%to a' third enbodi nent of
the invention including an el ectromagnet; Fig. 4(b) is a cross-sectional
view along A-A" &BigFiy. (&) (5 g Hicgk Qfiayrams &f toprgitanlvidewishaoimg a
configuration of the recording head according to a fourth enbodi nent of
the inventi amgnatiadragontind extqaddgaete Bi gir5tbpmpedimertosst sdet i onal
view along A-A" of Fig. 5(a); 15 2 1 SEP 2005, Fig. 6(a) is a top plan view
of a confi gdPdEPBRO®BT the recording head according to a fifth embodi nent
of the invention; Fig. 6(b) is a cross-sectional view along B-B' of Fig.
6(a); Fig. 1(b) is a cross-sectional view of the recording

head of Fig. 1 (a):

Fig. 2 is a characteristic diagram showing the M-H
curve for explaining the method of initial magnetization in
the control of magnetic recording according to the
invention;

Fig. 3 is a cross-sectional view showing a

configuration of a recording head according to a second

embodiment of the invention including an electromagnet;

Fig. 4 (a) is a top plan view showing a configuration
of the recording head according to a third embodiment of

the invention including an electromagnet;

Fig. 4(b) is a cross-sectional view along A-A' of Fig.
4(a);
Fig. 5(a) is a top plan view showing a configuration

of the recording head according to a fourth embodiment of

the invention including an electromagnet;

Fig. 5(b) is a cross-sectional view along A-A' of Fig.

5(a):

15



Fig. 6(c) is a characteristic diagramshow ng the magnetic field
distribution on the recording head; Fig. 7(a) is a cross-sect i‘oﬂ%{E v} ﬁBW
showi ng the configuration of a recording head according to azs‘ AL
enbodi ment of the invention; Fig. 7(b) is a characteristic diagram show ng
the distribution of the perpendicul ar conponent of the magnetic field

generated by the £ecording;head f g v1CRoc T QonBhaloledh hargeteristic
| uti 0}

di agram show ng t stri 0 e parallel ¢ onent of 't he magnetic

fiel d generatgd, Ry dhentegory icBdeﬁ’?d tf El i r062) emfdAmelt! o2 the
cross-sectional view showmng a configuration according to a seventh

enbodi nent ofpddidmivention arrangi ng recordi ng heads includi ng pernmanent
magnet s above and bel ow a nagnetic recording nedium Fig. 9 is a

cross-sectional vi.ew g ing a configurati according tq,,an_eighth
embodi nent of theEll%'n\%i %m on arFangi rslgcél?ré%orvdieﬁ’gag%%% él%d Gdi Igggper manent
magnets on oge,ysi de of a magnetic recording medium 16 2 1 SEP 2005 Fig.

r

10(a) is a cross-sectional view of a configuration of the recording head
according to a ninth enbodinment of the invention, arrangi ng recordi ng heads
i ncl udi ng per mandid -madiet s 1abdve CAAB2 B OW L magirdEa® FRUGMA nhFedi um

magnetic field distribution on the recording head;

Fig. 7(a) 1is a cross-sectional view showing the
configuration of a recording head according to a sixth

embodiment of the invention;

Fig. 7(b) 1is a characteristic diagram showing the
distribution of the perpendicular component of the magnetic

field generated by the recording head of Fig. 7(a);

Fig. 7(c) 1is a characteristic diagram showing the
distribution of the parallel component of the magnetic

field generated by the recording head of Fig. 7(a);

Fig. 8 is a cross-sectional view showing a
configuration according to a seventh embodiment of the
invention arranging recording heads includiﬁg permanent

magnets above and below a magnetic recording medium;

Fig. 9 is a cross-sectional view showing a
configuration according to an eighth embodiment of the
invention arranging a recording head including permanent

magnets on one side of a magnetic recording medium;
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Fig. 10(b) is a top plan view of the configuration of Fig. 10 (a) ; Fig. 11
is-a cross-sectional view showing a configuration according gf tenth
enbodi ment of the invention arranging a recording head inclu‘fkgfgémﬁanent
magnets on one side of a magnetic recording nedium Fig. 12(a) is a
cross-sectional view of a configuration according to an el eventh enbodi nent
of the invention_arrangégg recordi ng heads inc]uding pernmanent. magnets

above and bel ow & ‘fagne recddi ng msdiCGH SEF GO (b) Vi€¥a tUp pfan vi ew

of the Config%gégidggéggn %%gﬁj%g(fgéﬂggig' %ahsa%cﬁgﬁﬁéjsggtg°%§%txiem’Of a
configuration ‘according to a twe enmoodi nent 0O e’ 1 nvention

arranding e eaareaindobeathd nolial-ngoRer FBNAN: ERIELS: @ng Fiidaal? on one

side of a magnetic recording nmedium Fig. 14(a) 1S a diagramshowmng a

transferred sid@nalinyavied MaNRECohad L d 0abbe Pah@l B llow 14 ZnalneEP:2005
Fig. 14(b) is a diagramshow ng a transferred signal waveform according to

t he i nventi orécdddinglhé@ums a cross-sectional view for explaining the
initial magnetization of a |ongitudinal nagnetic recording nedium Fig.

15(b) is anOtherEQBQS§0§§Ft£9n§|t3gEaﬁgﬁnﬁiew of the configuration of
Fig. 10(a);

Fig. 11 is a <cross-sectional view showing a
configuration according to a tenth embodiment of the
invention arranging a recording head including permanent

magnets on one side of a magnetic recording medium;

Fig. 12 (a) is a cross-sectional view of a
configuration according to an eleventh embodiment of the
invention arranging recording heads including permanent

magnets above and below a magnetic recording medium;
Fig. 12(b) is a top plan view of the configuration of
Fig. 12(a);

Fig. 13 is a cross-sectional view of a configuration
according to a twelfth embodiment of the invention
arranging the recording head including permanent magnets of

Fig. 12 on one side of a magnetic recording medium;

Fig. 1l4(a) is a diagram showing a transferred signal

waveform according to the prior art;
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expl aining the transfer magnetization of the |ongitudinal magnetic
recording medium Fig. 16(a) is a cross-sectional view for explaining the
initial magnetization of a perpendi cul ar magnetic recordi ng GHdSEM006 Q.
16(b) is another cross-sectional view for explaining the transfer

magneti zati on of the perpendicular magnetic recording nedium Fig. 17 (a)
is a cross-sectiaonal view for explaining the process of initial

magneti zati on of Fd‘gna&ﬁégi)clsré‘cgﬁﬁﬁﬁamdﬁg‘a‘f’“ﬁpg‘? YSABESEedn S ART !
Cross-secti onale%irew for_.expl.ai nc'b'relg.t cess of initial magnetization

he .or
wav In_according to in g)on, . .
of the magne?l ¢ FECoras; ng sc, FIg. 1%’( aJ) I's a cross-sectional view for

explaining the process of transfer magnetization of a magnetic recording
medi um 18 2 1 SERI2005 (R g.1s1H bFressairsttiepatr gésvsderi exaladnéng f or

expl ai ning the process_of transfer magnetization of a  magnetic recording
medi um Fi g.t%0 ji0ifighar BRERRT 51 W agfanfshérrabtiteadi sfPPBEEI®N of the
paral | el conponent. of a magnetic field;, Fig. 20 is a characteristic diagram
showi ng t he “HFYPHFFIh™ Gt t he perpendicul ar conponent of the magnetic

Fig. 15(b) is another cross-sectional view for
explaining the transfer magnetization of the longitudinal

magnetic recording medium;

Fig. 16 (a) is a cross-sectional view for explaining
the initial magnetization of a perpendicular magnetic

recording medium;
Fig. 16(b) is another cross-sectional view for
explaining the transfer magnetization of the perpendicular

magnetic recording medium;

Fig. 17 (a) is a cross-sectional view for explaining
the process of initial magnetization of a magnetic
recording disc;

Fig. 17 (b) is another cross-sectional view for
explaining the process of initial magnetization of the

magnetic recording disc;

Fig. 18 (a) is a cross-sectional view for explaining
the process of transfer magnetization of a magnetic

recording medium;
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field; Fig. 21 is an explanatory draw ng show ng the waveform of a
transferred signal read out after performng only the transfe

magneti zati on shown in Fig. 18; and, Fig. 22 is an expl anatoryiar%'f\ﬂ ?-ﬂgﬁ
showing a transferred signal transferred to a nagnetic recording nedium
first subjected to the initial magnetization in the perpendicul ar

direction thereofF.shO\'(/v&ig) Fig. 17, %Hd then to the transfer magnetization
as shown in Fig. 18" MIFES f orScalfYirAGE ouf * PRE 50 Pon NoR ¢ hE°F nventi on

will be expla i.n _defail ren er..\W ef er - . t he accgonpani ed
drawing fi g%%‘gefaq\ﬂ#gh %ﬁ% u§tlirz)§te§gt(rjlgeiI prté\fgng%?%%l e o%?(rzré%l?ls&gf c)t%heg)

i nvention. The spned fkesteatdng Lt he invention is sunmarized bel ow. 19 2
1 SEP 2005 Prior to performng transfer nmagnetization, initial

magneti zati on of the n?%neti c recordi ng | ayer of .a magnetic . recording disc
2 as a magnetic riédorditig heditimSPET3pEFT bt ned Waﬁﬁﬁgyiww’&ﬁgal FBf nati ng

magnetic field . (an AC tic field, the polarity_of_ which changes
si nusoi dal | ydl%(ﬁlﬁuttﬁﬁ%?g?ne}f%gaéfﬁgg%i on" npeélr p(e)%dlaclﬁ RS % %P‘g’r ecordi ng

surface of the magnetic recording layer, or in both the perpendicul ar
direction Y and ﬁhgthezgar%§|€g characteristic diagram showing the

distribution of the perpendicular component of the magnetic

field;

Fig. 21 is an explanatory drawing showing the waveform
of a transferred signal read out after performing only the

transfer magnetization shown in Fig. 18; and,

Fig. 22 is an explanatory drawing showing a
transferred signal transferred to a magnetic recording
medium, first subjected to the initial magnetization in the
perpendicular direction thereof shown in Fig. 17, and then

to the transfer magnetization as shown in Fig. 18.

Modes for carrying out the invention

Now the invention will be explained in detail
hereinafter with reference to the accompanied drawing
figures which 1illustrate the preferred embodiments of the

invention.

The specific feature of the invention is summarized

below.
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direction X, and by gradually decreasing the intensity of the AC magnetic
field. Thus, the entire magnetic recording |ayer is demagnetized prior to
magnetic transfer (Hereafter, the above described nethod of 21 SEP 2005
demagneti zation will be referred to as the "AC demagneti zati on net hod").
The invention is described below in connection with the enbodi nents

t her eof . Fi r st eEn‘ol%chi ngcr)lt N(%\é/ amii rs reng:)f)edri rr%ntné)g. ta eoinnverglt.i on.is
expl ai ned with reference £6TFPE T%a&' FRFCtUgh B T FARPE 24 %Shows t he

cont | gur at O ferd A90b0b rBHL GfqnledTBOBSIdd 9G0ET1 BY JUBAERLdT ng Lo

a first enbo the invention which controls-initi netl zation

and transfep.dngneld zatisen. 2Fi gs1(H) rﬁé’%ﬂ/g&ifche reeBEh o atdnupf 18

recordi ng head 110 of Fig.l(a). Fig. I(a) is a block diagram of the control
devi ce for npghnedined @gO0kLepngiA§Oan 241 &k nSERNg0RSghdt T efifilgur(@n Ac

recordi ng head 110 includes an electromagnet 10. The el ectromagnet 10,

whi ch i ncl udesgreticorfdeldl, antleapobatith? &S vdliehn changey. sili{Uspidadhyrol s t he
initial magnetization and the transfer magnetization of a magnetic

recordi ng disttly (fPaependinculthe ndgyedttiien edor dengendietilay) Basedhen

control signals 30. The control device 100 includes_a demagneti zation
recording surface of the magnetic recording layer, or in

both the perpendicular direction Y and in the parallel
direction X, and by gradually decreasing the intensity of
the AC magnetic field. Thus, the entire magnetic recording
layer 1s demagnetized prior to magnetic transfer (Hereafter,
the above described method of demagnetization will be

referred to as the “AC demagnetization method”).

The invention is described below in connection with

the embodiments thereof.
First embodiment

Now a first embodiment of the invention is explained

with reference to Fig. 1(a) through Fig. 2.

Fig. 1 (a) shows the configuration of a control device
for magnetic recording 100 according to a first embodiment
of the invention which controls initial magnetization and
transfer magnetization. Fig 1(b) shows the configuration of

a recording head 110 of Fig.1l(a).

Fig. 1l(a) is a block diagram of the control device for

magnetic recording 100.
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controller 120, which controls the initial magnetization. The

demagneti zation controller 120 demagneti zes the entire nmagnetic recording
| ayer by applying an AC nagnetic field wth changing polarity,in r;t(he Y
direction perpendicular to the recording surface of the rragnezf]cs Feé®h di ng
| ayer of the magnetic recording disc 2, or in the perpendicular direction
Y and the parallel direction X, and by gradually decreasing the intensity
of the AC nagnetilo fikéd fdiguiret i ne. rRrorddntr dieagevilée 10Cludebudas a

transfer controller 130 which controls transfer magnetization. The
transfer coniedimeepgngd appl iTés &£lgstarreynsfaghes i thick| dnebrdare 2
direction X parallel to the recgrding surface of the initialjzed magnetic
recordi ng di ¥ Y &% &e O3t A6t 2fi gﬁow’brl‘? nt 9 osePr oxPRFEGLE ot nast er
disc 5 (nonrrar%r{eti C sub§t rg%ie()n to Jré nsfer t servo data_stor etd ain t he

formof soft nagnefPe Bat fer e &P it et S SF JRIBeE #3541 He “teyneti ¢

recording | ekl ol ECARGNG |l ECTOTH ARG 2; mlife TTRSLEE A6, ©

includes a plurality o magneti C terns a so magneti c

mat eri al whichyiare sabeddad Rht2ol SEHAQ030i.n the recording area, isolated

fromeach other, and aligned periodically. The master disc 5 has the sane
construction as QESCH bed earlier wth reference to Fcl gs. 18£ag, and 18(b).
Fae emagnetizati

A CPU 140 cont r ol 8%t KB r e98BHTG ollta(qev’r’&%lufﬁ. A on

controller 120, which controls the initial magnetization.
The demagnetization controller 120 demagnetizes the entire
magnetic recording layer by applying an AC magnetic field
with changing polarity in the Y direction perpendicular to
the recording surface of the magnetic recording layer of
the magnetic recording disc 2, or in the perpendicular
direction Y and the parallel direction X, and by gradually

decreasing the intensity of the AC magnetic field with time.

The control device 100 includes a transfer controller
130 which controls transfer magnetization. The transfex
controller 130 applies a parallel magnetic field to the .
direction X parallel to the recording surface of the
initialized magnetic recording disc 2 in close contact with
or in close proximity to a master disc 5 (nonmagnetic
substrate) to transfer the servo data stored in the form of
soft magnetic patterns 5a in the master disc 5 to the
magnetic recording layer of the magnetic recording disc 2.
The master disc 5 includes a plurality of soft magnetic
patterns 5a of a soft magnetic material which are embedded
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ROM 150 stores various control progranms according to the invention and
progranms for operation control. A RAM 160 is used as a tenporary storage

area for storing various data and as a working area for conpnég %@p U
magneti c recording disc 2 used as a magnetic recording nediu 3? g to
the invention is the so- called perpendicul ar magnetic recordi ng nmedi um
havi ng an easy axis of nagnetization in the direction Y perpendicular to
the surface 0f tthe resormdiimg nedeam vilsiodbted tfwom resohdiaigesur faok (t hat
is, the recorded nmagneti zation orients along the Y axis perpendicular to
the surface @fignede pecordiiosdlaedi Ty . rEisseraghietd c Sr elas dithg diaee 2 is
inserted into the gap of the cone 11 of the recording head 110 as shown in
Fig. 1 (b) CO“Fﬁéuﬁ’éb%tPE Aeeerthety erider iwdthi xedetenee shpnlies- stage 6
rotatably in t ? reg%{on indicated by an arrowin Fig. I1(b). The

magneti c redH%('n ng ‘can be used as a recording nediumof, for
exanpl e, a hard dISk drive 22 2 1 SEP 2005 (hereafter referred to as a
"HDD') which is used in these days as a peripheral storage device of nost
conputers, and which uses a magnetic filmas a storage neans. Below, the

initial magnetizaticen and tdwthbanshae wagneti zehi ool agsprdli nbd.o 4 he
i nvention are expl ai ned.
ROM 150 stores various control programs according to the
invention and programs for operation control. A RAM 160 is

used as a temporary storage area for storing various data

and as a working area for computation.

The magnetic recording disc 2 wused as a magnetic
recording medium according 'to the invention is the so-
called perpendicular magnetic recording medium having an
easy axis of magnetization in the direction Y perpendicular
to the surface of the recording medium which 1is the
recording surface (that 1is, the recorded magnetization
orients along the Y axis perpendicular to the surface of

the recording medium).

The magnetic recording disc 2 is inserted into the gap
of the core 11 of the recording head 110 as shown in Fig.
1(b). The magnetic recording disc 2 is fixed to a spindle
stage 6 rotatably in the direction indicated by an arrow in

Fig. 1(b).

The magnetic recording disc 2 can be used as a

recording medium of, for example, a hard disk drive
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In initial magnetization, an AC nmagnetic field, the polarity of which
changes with tine in the direction Y perpendicular to the recording
surface of the magnetic recording |layer of the magnetic recorgi ng }dlzﬁfﬁ 2
(or, in both the perpendicular direction Y and the parall el i lc':,tlon X),
is-generated prior to the transfer process by driving the electromagnet 10
in a controll ed manner based _on the control signals 30 out utted fromthe

demagnet i zat (¥FedrerofrERTISD BQ %ﬁo@m"ﬁ”ﬁD" i g'hiffpyts Iuﬁefih nj hPeFal
magneti zatio ocess as.d scri bed wit d referepce to F 17(a%
1300y, the CONGBAT o THERREHL THAT S HaEr 288 TRL rﬁa Seettt ckafi ng
disc 2 in ong; 41, ggglg%{iﬁﬁlgcf% Qeél agg et is replaced by

the AC demagnetl zation accor e’ nventl on Now t he AC
demagneti zati on nethod is expl ai ned |n det all with reference to Fig. 2.
First, the magne28tionths datbiat ealaweabm%% and) a‘i‘*{j’e fraghetee field

Hltothe magneti ¢ _recordi ng di.sc curve in Fig. 2.
Next , the At 2af R FPT L e bcRiE GIRIALPY Thf (A BEGones a
magnetl c 23 1 SEP 2005 field -H2 (IH2I< IH2lI) in the opposite direction,
and then the W&gﬁétll(?llﬁilléu-d magPetszatioroasay A0 M3g(eH3t Ei¢kP| )thdy
alternately repeating the increase and the decrease nany tines, the
magni t ude ofPalFe ifigridt | ¥hxtscepindnd i ¥ytm time in the direction Y

perpendicular to the recording surface of the magnetic
recording layer of the magnetic recording disc 2 (or, in
both the perpendicular direction Y and the parallel
direction X), is generated prior to the transfer process by
driving the electromagnet 10 in a controlled manner based
on the control signals 30 outputted from the

demagnetizétion controller 120 as shown in Fig. 1(b).

In the initial magnetization process as described with
reference to Figs. 17(a) and 17(b), the conventional method
which magnetizes the magnetic recording disc 2 in one
direction (the DC demagnetization method) is replaced by

the AC demagnetization method according to the invention.

Now the AC demagnetization method is explained in

detail with reference to Fig. 2.

First, the magnetization is saturated by applying a
large magnetic field H; to the magnetic recording disc 2,
as shown by an M-H curve in Fig. 2. Next, the magnetic

field H; is reduced gradually until it becomes a magnetic
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is converged eventually to zero along the MH hysteresis curve 20. In Fig.
1(b), the magnetic recording disc 2, fixed to the spindle stage 6, is
inserted to the central portion of the gap of the core 11 fo?qengfgﬁ]
U-shape soft nagnetic stuff. A |eakage magnetic field is applie f? t he
gap to the magnetic recording disc 2, fixed to the spindle stage 6 and

inserted to tqﬁgpa whil e rotating the spindle stage 6. (at 3000 rpnm). The
magni t ude offt adﬁllgdbhﬁb%éﬂlc}qlﬁﬂ%iOHH?SﬂéﬁséHrﬁﬁtf8n5068dC%he%nd t hen

d d whj| d f Eq. (1
H) =0 B et i e Ty TRt Y O RS BRME" RS 1 ihe

maxi mum applied magnetic field, which is 5000 Ce, and f is the frequency,
which is 50 Hz. Pryeaftacedonly(epepsing furctinerennp ciind dder dasesasgth tinme
at a certain rate froml1(linearly), and reaches zero after severa
seconds. Afﬂ@FUbéPFBFnlﬁé tH%g?%ﬁ%q%ﬂoﬁnﬁﬁﬁeﬁ?ﬁéfF%ﬁ\%ﬁ%ﬁﬁﬁtbéa abové (that

t |l ed d t t the t f t t
hescr hed oo T aHheH an bt 2o CRUST BN 85 #heOREsS B3[R0S 2 N

by a proceqyrgr si,milar to the process described earlier with reference to
Figs. 18(a) an §?L That is, a parallel

In Fig. 1(b), the magnetic recording disc 2, fixed to
the spindle stage 6, is inserted to the central portion of
the gap of the core 11 formed of a U-shape soft magnetic

stuff.

A leakage magnetic field is applied from the gap to
the magnetic recording disc 2, fixed to the spindle stage 6
and inserted to the gap while rotating the spindle stage 6
(at 3000 rpm). The magnitude of the applied magnetic field
is raised up to 5000 Oe, and then decreased while varying

with time as expressed by the folleowing Eqg. (1).
H(t) = Ay . g(t) . cos(2nf . t) = (1)

Here, t 1is the time, A, 1is the maximum applied
magnetic field, which is 5000 Oe, and f is the frequency,
which is 50 Hz. The function g(t) is a function which
decreases with time at a certain rate from 1(linearly), and

reaches zero after several seconds.

After performing the initial magnetization described

above (that is, controlled demagnetization), the transfer
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magnetic field, is applied in the X direction-parallel to the recording
surface of the magnetic recording disc 2 in close contact with or in close
proximty to the master disc 5, and the servo data stored in the $gr nyef
soft nmagnetic patterns 5a in the master disc 5 is magnetically
transferred to the nmagnetic recording | ayer of the magnetic recording disc
2. In other words, in the transfer magnetization, the control device for
magneti ¢ r ecoradiertgzd00onrddseyribkd below isdaeafbomeposi ti oni ng the magnetic
head for witing and reading data to the recording surface of the magnetic
recording di sc 2rnhuhi ghahae befigsdtiRctied tQad Ni a%ermré%tisﬁtiann- By
controlling the initial magnetization and the transfer nagnetization, a
symetri cal drcaksbheer edmiigpalto wavef protvesd t Besbeibampné tivie rDaw st Db

t hereof equalized as described earlier with reference to Fig. 21, is

obt ai ned windfegroet| ént Higpr.odusciabi lartdy. 1 8S@gandriertboik meat panalliel

magneti zation according to a second enbodi nent of the invention is

expl ai ned windgnegter éacddt dsFiagplied 25n2thgER 20@5crign Bafallel to
cross-sectional view showing a configuration of a recording head according
to the secorfd® &SOARMRAL SBFLATRe I VidiR iMA9Ne e FUdPAGT&H €I YT ohelghet .

close contact with or in close proximity to the master disc
5, and the servo data stored in the form of soft magnetic
patterns 5a in the master disc 5 is magnetically
transferred to the magnetic recording layer of the magnetic

recording disc 2.

In other words, in the transfer magnetization, the
control device for magnetic recording 100 writes the servo
data for positioning the magnetic head for writing and
reading data to the recording surface of the magnetic
recording disc 2, which has been subjected to initial

magnetization.

By controlling the initial magnetization and the
transfer magnetization, a symmetrical transferred signal
waveform, with the magnitude Da and Db thereof equalized as
described earlier with reference to Fig. 21, is obtained

with excellent reproducibility.
Second embodiment

Initial magnetization according to a second embodiment

of the invention is explained with reference to Fig. 3.
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The shape of the electromagnet 10 is the sane as in Fig. 1(b), but the
magnetic recording disc 2 is placed vertically in this nodified
configuration. A holder 13 holds the magnetic recording disc 237 SR 9005
arrangenment facilitates reducing the dinmensions in the width direction.
Third enbodi ment Initial magnetization according to a third enbodi nent of

the invention is explaipned with reference to Figs. 4(a nd 4 (b) . Figs.
4(a) and 4(b) scHeatical | ySdestri GECER S&T riGenent mg?%ﬁ“Fhe fragneti c

recording disc 2 1S no surrounded.by a core 11 farnmed of  a U shape soft
magneti c stfﬁ?,lqg%?tﬁénbggmgeﬁef gd%% ehiiga%F S ﬁﬁgk%ﬁoFgeléeFS? d of a

sof t magnet i Gust ifidoncFbg- +Ae () t O Pl RV 12GWe OF £ 68 L r omRgnet 10

vén%i? .

for. AC denmmgnetization, and Fig. 4 B) IS a cross-section "along the line
segnent A-A" of Fig. 4(a). In such a configuration, the nagnetic field

| eaking fromthe core 11 forned of a U shape soft nmagnetic stuff

circul ates through the back pole 16 with high perneability. 26 2 1 SEP 2005
Since the end fadheldhabet b diree ellkcitsomagsetof 1@ i mesthdr sakeras ham t he end
face 15 of the core 11, the | eakage nmagnetic field fromthe end face 14 is
weaker in infinsityp)thhntt kel swoagsiri aelagorddnyt Wésend fheeriscedi nce the

weak
vertically in this modified configuration. A holder 13

holds the magnetic recording disc 2. This arrangement

facilitates reducing the dimensions in the width direction.

Third embodiment

Initial magnetization according to a third embodiment
of the invention is explained with reference to Figs. 4(a)

and 4 (b).

Figs. 4 (a) and 4(b) schematically describe an
arrangement in which the magnetic recording disc 2 is not
surrounded by a core 11 formed of a U-shape soft magnetic
stuff, but is between the core 11 and a back pole 16 formed

of a soft magnetic stuff.

Fig. 4(a) 1is a top plan view of the electromagnet 10
for AC demagnetization, and Fig. 4(b) is a cross-section

along the line segment A-A' of Fig. 4(a).

In such a configuration, the magnetic field leaking
from the core 11 formed of a U-shape soft magnetic stuff

circulates through the back pole 16 with high permeability.
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| eakage magnetic field fromthe end face 14 does not «contribute to the
iniitial magnetization, the AC demagnetization is perfornmed by the | eakage
magnetic field fromthe end face 15. Fourth enbodinent Initi a&i SEP 2005
magneti zati on according to a fourth enbodi nent of the invention TS
explained with reference to Figs. 5(a) and 5(b). Figs. 5 (a) and 5 (b)
schematical |y describe a configuration which omts the back pole of Fig. 4
(b) . Such aieemfther &rdorfagiesol 4 aef | ithat €9rgonitlr o1 i hgne hef Atimes
demagneti zatjon simlarly as the foregoi ng enbodinents. In the initial

magnet i zat i oRTSRETT ditF: 1'% 1Y ARSI Irerts s Tqti5ed i tHSr fékaee to
Fig. 3 th h Fig. , th C ic field ied to th ti
Fecor di ng. di B0 Cita B et F I8 TH (15 s A aARBF 5ein GULENEDEd wi t h
f t i g. LEt h. i fif i t th
vention i ook tie dharihe P EDHLAERR MY Srdod B3 PEPRCE [PHE wto! €

Throughout thesgqd i ﬂ!a'g@étié heigage fefer epce Ndmerls ag usesd fabe
describing 27 2 1 SEP 2005 the foregoing enbodi nents are used to designate
the sane cossitditere el egentshand ihheisl exphaprttiansias e orghet edator the
sake of sinplicity.

demagnetization is performed by the leakage magnetic field

from the end face 15.
Fourth embodiment

Initial magnetization according to a fourth embodiment
of the invention is explained with reference to Figs. 5(a)

and 5(b).

Figs. 5(a) and 5(b) schematically describe a
configuration which omits the back pole of Fig. 4(b). Such
a configuration also facilitates controlling the AC

demagnetization similarly as the foregoing embodiments.

In the initial magnetization according to the
embodiments described with reference to Fig. 3 through Fig.
5(b), the AC magnetic field applied to the magnetic
recording disc 2 changes with time in’the same manner as

described with reference to Fig. 1(b).
Fifth embodiment

Now a fifth embodiment of the invention is explained
with reference to Figs. 6(a) through 6(c). Throughout these

figures, the same reference numerals as used for describing
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According to the fifth enbodi nent, the electromagnet 10 of the recording
head 110 in the control device for nagnetic recording 100 is changed to a
per manent magnet. Fig. 6(a) is a top plan view of the recordingihger 20050.
Fig. 6(b) is a cross-sectional view along B-B of Fig. 6(a). Fig. 6(c)
shows the distribution of the applied nagnetic field. The recordi ng head
110 includes a nagnetlc head 17 including a plurality of nutually
separated si bt ef BB?%quﬁﬁﬁﬂ999§mFﬁEFnﬁﬁ@nﬁsﬁﬁgﬁét§Fséﬁﬁé8ﬂe8h?nséme
nonmagneti c substrat% ? g 2 ead% .18 are arr& % d such t hat
the S pol es SHF tHER™pS %@e%ﬁst 5 | Eeﬁﬁp dP8S AFe PEVEPSed°T Two such
magneti c he recp fol above and belom/the magneti c recordi ng

di sc 2, andag$%¥%ﬂﬁ%§glg§%§i gﬁﬁhve in the perpendicular direction Y by the

denagnetlzatlon controller 120. Now, the initial magnetization according to
the fifth enbodi ment of the invention is explained. 28 2 1 SEP 2005 To
performinitial nmagnetization, the magnetic heads 17 are noved in the Y

di rection perpendicedlrdingotbheher €dardi ragbsdihacte, ofhd helamgoehyset ecor di ng
disc 2 based on the control by the denmagnetization controller 120, which
changes t he M splndéeD tsstomdéngt headi sld Osuif atlee andnthel device for

magnetic recording 100 is changed to a permanent magnet.

Fig. 6(a) is a top plan view of the recording head 110.
Fig. 6(b) is a cross-sectional view along B-B' of Fig. 6(a).
Fig. 6(c) shows the distribution of the applied magnetic

field.

The recording head 110 includes a magnetic head 17
including a plurality of mutually separated single-pole
heads 18 (permanent magnets) embedded in a nonmagnetic
substrate 19. The single-pole heads 18 are arranged such
that the S poles and the N poles of the adjacent magnets

are reversed.

Two such magnetic heads 17 are positioned above and
below the magnetic recording disc 2, and are controlled to
move in the perpendicular direction Y by the

demagnetization controller 120.

Now, the initial magnetization according to the fifth

embodiment of the invention is explained.
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magneti ¢ heads, such that an AC nmagnetic field like that shown in Fig.

6(c) is applied to the magnetic recording disc 2. The AC nagnetic field at
the surface of the nmagnetic recording disc 2, positioned at t?q §Eﬁﬁﬁ®|
portion of the gap between the two magnet heads 17, has a dis{ribution
whi-ch does not change with tinme, but the polarity of the AC magnetic field
changes spatially as showmn in Fig. 6(c). Since the parallel conponents of
the magnetic fielt penfan yinddriedl magnehézaeinmalthsormianetdc thieedgap
between the two magnet heads 17 in this configuration, only the

per pendi cul at? cARFonBAYeDf ifhethRdigret FErefleial eRpFmitdicalagi sk i bhiei on. In

such an arrangenent as descri bed above, an AC neti¢c field which
gradual | y de58@§§§§ga§uégﬁF%s%%djﬁ?“Bﬂﬁgtfﬁrﬁﬂﬁﬂﬁgngqﬁéf?d%lﬁffdiQ“applied

by rotating {he cmonet g1 eor dngodioe (A" 3090.1pm) 1T oladunl Iy

decrease the magnet’ c stance etween t hé "fmgneti ¢ heads

and the recopging. . magl ug iSa@Adyably, Loer easedi ok NahrkSee t g MREREL i C
heads 29 2 1 Sé%gbeS are gr% ual?y w%?%%fawm fréﬁ1tggrré€%rgﬁng medi um
The di stancenfyiestifd HB2AsMMIRNBANIR 8 X wedieentichpni thiak that
magneti zati on according to a sixth enbodi nent

shown in Fig. 6(c) 1is applied to the magnetic recording

disc 2.

The AC magnetic field at the surface of the magnetic
recording disc 2, positioned at the central portion of the
gap between the two magnet heads 17, has a distribution
which does not change with time, but the polarity of the AC
magnetic field changes spatially as shown in Fig. 6(c).
Since the parallel components of the magnetic field
mutually cancel at the central portion of the gap between
the two magnet heads 17 in this configuration, only the
perpendicular component of the magnetic field exhibits a

distribution.

In such an arrangement as described above, an AC
magnetic field which gradually decreases as expressed by
the foregoing equation (1) is applied by rotating the

magnetic recording disc 2 (at 3000 rpm).

To gradually decrease the AC magnetic field, the
distance D between the magnetic heads and the recording

medium is gradually increased; that is, the magnetic heads
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of the invention is explained with reference to Figs. 7(a) through 7(c).
Fig. 7(a) shows a configuration which positions pernmanent magnets on only
one side of the recording nmedium Fig. 7(b) and Fig. 7(c) show@hgEmpeki a
distribution of the nagnetic field applied to the magnetic recording disc
2. -\\When the magnetic heads are positioned symmetrically on both sides of
the recordi ng nedi um as described earlier, the parallel conponents of the
magnetic fi ebde atgreldgalinr fwicddohwh hef noscorltk ngereddimg candetmealtheot her
However, when a magnetic field is applied fromthe nmagnetic heads 17 on
only one si déiterhdfe apf 4Eemot Mrhéor é8ofdi ng medium a parallel conponent
is included. Fig. 7(b) shows the perpendi cul ar conponent of the nmagnetic
field, and Fsixti (egbosihmastt he paral |l el conmponent of the magnetic field.
In such an arrangenent, both the parallel and perpendi cul ar nagneti zation

conponents of the, ;magRetic, i j L&' €6 hpe AC
demagneti zation ?Efﬁq%l %88 éﬁféggiggégh3332n £ ngodlnenfﬁﬁhﬁgﬁabp
magnet i zat i oge a@@@rmmtﬁ@nalgeg@ﬁiﬁnMQIhn@ekeQanecd MeRLI ONa S

explained with reference to Fig.
through 7(c).

Fig. 7(a) shows a configuration which positions

permanent magnets on only one side of the recording medium.

Fig. 7(b) and Fig. 7(c) show the spatial distribution
of the magnetic field applied to the magnetic recording

disc 2.

When the magnetic heads are positioned symmetrically
on both sides of the recording medium as described earlier,
the parallel components of the magnetic field at the
surface of the recording medium cancel each other. However,
when a magnetic field is applied from the magnetic heads 17
on only one side to the surface of the recording medium, a

parallel component is included.

Fig. 7(b) shows the perpendicular component of the
magnetic field, and Fig. 7(c) shows the parallel component
of the magnetic field. In such an arrangement, both the
parallel and perpendicular magnetization components of the
magnetic recording disc 2 are demagnetized by the AC

demagnetization method.
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Fig. 8 shows an arrangenent favorable for devel oping the demagneti zation
descri bed above usi ng pernmanent magnets. The nunber of pernanent
the magnetic head 17 is increased fromtwo to n magnets. Her e, 1
n (where the magnets are |abeled #1, ..., #n on the upper side

.. #n'
an even
such a

on the | ower side) may be an odd nunber such as 3 or 5
nunber such as 4 or 6. By positioning the magnetic head
consfevettlon esyporienental | y above and bel ow t he magneti c

magnets in

il

: or may be
s 17 with
recordi ng

disc 2, an AC magnetic field having a distribution simlar to that

described in Fig.16(Gh1l S noenettdonEi ghtHoriiiedi mept 14i tilventh

magneti zation according to en eighth

enbodi nent of the invention is

expl ai ned w éhbsdifermneE the Fhgenioiis &kpihawsd awiemfidgisrahicantdevel oped
fromthe sixth and seventh enbodi nents descri bed above. 31 2 1
The interiorfFof. the nmagnetic head 17 has a construction simlar
according to the seventh enbodi nent shown in Fig. 8. The nagnet

is positioned on only one side of the recording nedi um

si xth enbodi ment descri bed with reference

Fig. 8 shows an arrangement favorable for developing

SEP 2005
to that
ic head 17

simlarly to the

the demagnetization described above using permanent magnets.

The number of permanent magnets in the magnetic head

17 is increased from two to n magnets. Here, the numbe

r n

(where the magnets are labeled #1, ..., #n on the upper

side, and #1', ..., #n' on the lower side) may be an
number such as 3 or 5, or may be an even number such a

or 6.

odd

s 4

By positioning the magnetic heads 17 with such a

construction symmetrically above and below the magnetic

recording disc 2, an AC nmagnetic field  having
distribution similar to that described in Fig. 6/(c)

generated.

Eighth embodiment

a

is

Initial magnetization according to en eighth

embodiment of the invention is explained with reference to

Fig. 9.

Fig. 9 shows a configuration developed from the sixth

and seventh embodiments described above.
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to Fig. 7 (a) . This configuration facilitates generating an AC nagnetic
field having a distribution simlar to that shown in Fig. 7(b) and Fig.
7(c). N nth enbodi nent Now a ninth enbodi ment of the inventiom{ssgp oyp
explained with reference to Figs. 10(a) and 10(b). The same reference
nuneral s as used in the above described enbodi nents are used to designate
t he same constituent elenents and their explanations are onitted for the
sake of sinpliciThe THetA€Cidenagfet ithat i omomethod &eedrdilig ttesthea fifth
enbodi ment usi ng pernmanent magnets gradual |y increases the distance D from
t he surface @ sthRBChbghetSiMidagore nghditscacerndinghet pertihgnefeveiighet s (t he
distance in the direction Y perpendicular to the recording nmedium to
gradual |y EOPEIBE"E heShtlgni t0deF - t Re aPhft | 839REGAEL IR eltd. Icording

to the ninth enbodi ngﬂlthe disggnce.g frqg1t§he sur f ace of theI{ecording
medi um to t RESHEFRRFENC" nafhdt CT% KaFE Bhstdft FREFHDI 185 and 10

(b) . ACssmagnetl cel i ehel Lot Perlarlng. AG Semmane L tat apel sy goner at ed

by noving the nagnetic recordii _ : raversing
direction (tdhe Eﬁ@r.aH(QB.dTlﬁi.Eé)té:&{E')%u-raE&gn 206 /)i tdi s geh@88t HRFLdON al ong
the line segnent 'C-C of Fig. 10(b). Now the initial nagnetization
accordi ng tact heaghettik field having a distribution similar to that

shown in Fig. 7(b) and Fig. 7(c).
Ninth embodiment

Now a ninth embodiment of the invention is explained
with reference to Figs. 10(a) and 10(b). The same reference
numerals as used in the above described embodiments are
used to designate the same constituent elements and their

explanations are omitted for the sake of simplicity.

The AC demagnetization method according to the fifth
embodiment using permanent magnets gradually increases the
distance D from the surface of the magnetic recording disc
2 to the permanent magnets (the distance in the direction Y
perpendicular to the recording medium) to gradually

decrease the magnitude of the applied magnetic field.

According to the ninth embodiment, the distance D from
the surface of the recording medium to the permanent
magnets is held constant in Figs. 10(a) and 10(b). An AC
magnetic field for performing AC demagnetization 1is

generated by moving the magnetic recording disc 2 in a
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enbodi nent of the invention is explained. In Fig. 10(a), n pieces of
magnets, fromthe nagnet #1 to the nagnet #n, are enbedded in the nmagnetic
head 17. The magnet #1 is enbedded such that its end face coipgi gEs bt h
the surface of the magnetic head 17, but the second magnet #2 through the
nth magnet #n are enbedded such that the distance a; fromthe head surface
to the end face of the nmagnet buried increases at a constant rate. At the
nth magnet #hAraveXsHineh dairersiomxithampaanliel séirecddgal Xt o BiemlOBg)t hus
increasing a at a constant rate, the spatjal distribution of the magnetic
field createdSaf FIRSSSSPFLRER™ of1PRE (ECorthify HeWShh by ¢ heCfadiéti c head
17 becones géiificially equi valent to the aforenentioned equation (1).
Here, X repr s the position on the nagnet head 17, and X represents

t he wavel ength, which coincides wth the distance fromthe magnet #k to

t he magnet #(k+2)Now rth@ ginitdeld) maghet deatipretd centiddngmagnabiec rhasl 17,

whi ch surrounds the rotating (at 3000 rpm) magnetic recording disc 2,
performs AC EERRMeNtzafi Bre dtMieRd 1/Bv i Age*R¥dmeChe position P to the
position Q 33 21 SEP 2005 By thus noving the magnetic head 17, which
generates such a@rspati.alodast m lpikicen of mdmnamgnétrobm theelndgnkrto#it he
position P to the position Q an AC magnetic field which artificially
changes wit hteithe amgnepr éserdml epppetided in the magnetic head 17. The

magnet #1 is embedded such that its end face coincides with
the surface of the magnetic head 17, but the second magnet
#2 through the nth magnet #n are embedded such that the
distance a; from the head surface to the end face of the

magnet buried increases at a constant rate.

At the nth magnet #n at which a; is maximum, a, is set
equal to 5 cm. By thus increasing a; at a constant rate,
the spatial distribution of the magnetic field created at
the surface of the recording medium by the magnetic head 17
becomes artificially equivalent to the aforementioned
equation (1). Here, x represents the position on the magnet
head 17, and A represents the wavelength, which coincides
with the distance from the magnet #k to the magnet #(k+2).

In Fig. 10(b), the demagnetization magnetic head 17,
which surrounds the rotating (at 3000 rpm) magnetic
recording disc 2, performs AC demagnetization during moving

from the position P to the position Q.
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equation (1) is applied to the magnetic recording disc 2. Tenth enbodi nent
Initial magnetization according to a tenth enbodinent of the invention is
explained with reference to Fig. 11. In Fig. 11, a nmagnetic hepd 4R 2009

whi ch are enbedded the aforenenti oned magnets (#1 through #n) at different
enbedded positions, is positioned on only one side of the magnetic
recording disc 2. This configuration facilitates generating an AC nmagnetic
field having a distribution simlar to that described in Fig. 7(b) and Fig.
7(c). Eleventh enbodinent Initial nmagnetization according to an el eventh
enbodi nent of they ment imving expl ahgedt ikt Red®f BT enatei dho deingsatd2(a) and
12(b). According to the el eventh enbodi nent, the depths ai in the nmagnetic
head 17 do noich rcrpaseéabpabitonibagliby ffonhd @gnetignefigdld t drohethagnet #n.
I nstead, the depth decreases gradually fromthe magnet #1, reaches zero at
t he magnet iRPsitiencéhtter Prwsirewition tthe amagietiagnesad fieldnahipen 34 21
SEP 20D5 increases .gradually fromthe center position, again_reaching the
maxi num at theifdGhatlEn. cRP %S alfgtRg EHES mégneteREat PP hs PdesERe bed

above,  stable AC dempneli zation {5 perfermed not only over Ly

Tenth embodiment

Initial magnetization according to a tenth embodiment

of the invention is explained with reference to Fig. 11.

In Fig. 11, a magnetic head 17, in which are embedded
the aforementioned magnets (#1 through #n) at different
embedded positions, is positioned on only one side of the
magnetic recording disc 2. This configuration facilitates
generating an AC magnetic field having a distribution

similar to that described in Fig. 7(b) and Fig. 7(c).
Eleventh embodiment

Initial magnetization according to an eleventh
embodiment of the invention is explained with reference to

Figs. 1l2(a) and 12(b).

According to the eleventh embodiment, the depths aj in
the magnetic head 17 do not increase monotonically from the
magnet #l1 to the magnet #n. Instead, the depth decreases
gradually from the magnet #1, reaches zero at the magnet in

the center position of the magnetic head 17, and then
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path from position P to position Q (in the direction approaching the
recordi ng nmediun), but also over the return path (in the direction
receding fromthe recording nmediun). The above described confZ §uSkR 208h
facilitates applying an AC nmagnetic field having a distribution simlar to
that described in Fig. 6(c). Twelfth enbodinment Initial magnetization
according to a twelfth enbodinment of the invention is explained with
reference to"dHe§ses3. JAARYMEY i cEHRIAd BB heRAGRF aPOSASEPRcti 8P milar to
t he magnetic hec?gd degﬁri bed with rgger ence tt% Fig. 12(a), is placed on

AP PH PR IBFHINY ASdFUM P "onfi guration facilitates

only one side
generating an AC magnetic field having a distribution simlar to that
described in Fig. 7 (b) and Fig. 7 (c) . Evaluation Now the waveform of
the signal transferred according to the invention and the waveform of the

signal transferreg 35r3hgShy 2RO5magaef dhBgdt 27t B RekeriBEd absvLonpar ed
with each other with reference to Figs. 14(a) and 14(b). Figs. 14(a) and
14(b) conparstabhe wayvefcatamnetitéeionsi dnapeBfd s fert athlacceoreld nithd o t he
invention with the waveformthe signal transferred according to the prior
art. path from position P to position Q (in the direction

approaching the recording medium), but also over the return

path (in the direction receding from the recording medium).

The above described configuration facilitates applying an

AC magnetic field having a distribution similar to that

described in Fig. 6(c).
Twelfth embodiment

Initial magnetization according to a twelfth
embodiment of the invention is explained with reference to

Fig. 13.

A magnetic head 17, having a construction similar to
the magnetic head described with reference to Fig. 12(a),
is placed on only one side of the recording medium. This
configuration facilitates geénerating an AC magnetic field
having a distribution similar to that described in Fig.

7(b) and Fig. 7(c).
Evaluation

Now the waveform of the signal transferred according

to the invention and the waveform of the signal transferred
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Fig. 14(a) is the waveformof the signal 8 transferred to the magnetic
recording nmedium initialized by the conventional initial nmagnetization
described with reference to Figs. 17(a) and 17(b), by the transf §EP 2005
magneti zation described with reference to Figs. 18(a) and 18(b). Here the
transferred signal intensities are such that Da<Db, and the signal
waveformis asymmetric. On the other hand, Fig. 14(b) is the waveform of
the signal FIFEHSLertedth PRCTmghet PESr SOBPAFRY WeER uffpchi Atbeali zed by
t he AC demagneti zation configuration which _uses the magnetic head 17 on
one side of 'FHd F&JREEPES T &rg&i'ng‘lr(r‘%lji?ﬂﬂals“?ﬁom in Fig. 7(a), by the
transfer nethod described with reference to Figs. 18(a) and 18(b). Here
the transferred signal intensities Da and Db are nearly equal, and a
symmetrical waveformis obtained. The result of the above descri bed

conparison indicaigs. thah)a IdLNSE esy edopb9Pal cBeWildbe@osNMBEt I {iga!
waveformis obtained and recording is perforned with high reliability
accordi ng t idgmali revettdrm¥fer3td?2 aocSERi2H0bc Adrant agentsoref et stipd t he

i nvention According to the invention, an AC magnetic field with changi ng
polarity is wppglficed thetdiginadr peads fetad dicoectiion tor the phéopeapendi cul ar
direction and the parallel direction with respect to the recording surface

of the Fig. 14(a) is the waveform of the signal 8 transferred
to the magnetic recording medium, initialized by the
conventional initial magnetization described with reference
to Figs. 17(a) and 17(b), by the transfer magnetization
described with reference to Figs. 18(a) and 18(b). Here the
transferred signal intensities are such that Da<Db, and the

signal waveform is asymmetric.

On the other hand, Fig. 14(b) is the waveform of the
signal 8 transferred to the magnetic recording medium,
initialized by the AC demagnetization configuration which
uses the magnetic head 17 on one side of the magnetic
recording medium as shown in Fig. 7(a), by the transfer
method described with reference to Figs. 18(a) and 18(b).
Here the transferred signal intensities Da and Db are

nearly equal, and a symmetrical waveform is obtained.

The result of the above described comparison indicates
that a transferred signal 8 with a symmetrical waveform is
obtained and recording is performed with high reliability

according to the invention.
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magneti c recording |l ayer of the magnetic recording nedium for performng
ini.tial magnetization prior to performng transfer nagnetization, and 65he
intensity of the AC magnetic field is gradually reduced with t i2rfe SEB 20
dermagneti ze the entire nmagnetic recording |layer. Consequently, a
symmetrical transferred signal waveform w th peaks of equal magnitude is

obt ai ned w t ood reproducibility in subsequent transfer nagnetization,
the nagnet igd‘?ar’htr?gfengi segée: "%osr r?efdt\%’met hTgn Feliability, and the

t hroughput of manufacturing magnetic recording nmedia is inproved. 37 2 1
SEP M A Wat is dAcgiomddngsto 1thé etdnddonf eonh€ohagmaf imadiietldcwitkor di ng
in a magnetic recording nmedium the nethod conprising the steps of:
demagnet i zi nghaHE NgagARER T ELY eboradPAd e fredl Ui D Peappn gt alglath direeEhaari ng
magnetic field; where the polarjty_thereof changes perpendicular_to or both
per pendi cul a?* ant? paff | é?éa’ip&“éillcé&%?di ﬁbr%%trlfoé‘ce g s&i‘?’& migratiel

recording |ayer; .and decreasing . the intensity of said ternati magneti c
field with ¢ %rpesde“(?f‘ T ¢ 5SS tgng?i Pl s IGR8Ei & ?ESFdi%Ig Peer. o
The net hod C i.ng j er gi j tgn_qu gnetl zi S . | oys an
el ectr orragngr%f géenér%atrite(r%ag!sig#g] %Wge?nétfi Egé?rha%%rg I'C %eeé%o?,dggﬂe;nggf’gg?t y
thereof changing,e v dihiglaPSH «Qhil MRy ndti22PEEHeLeiot Ned RRSIELERIng t O

dermagneti ze the nmagnetic recording layer.
transfer magnetization, and the intensity of the AC
magnetic field is gradually reduced with time to
demagnetize the entire magnetic recording layer.
Consequently, a symmetrical transferred signal waveform
with peaks of equal magnitude is obtained with good
reproducibility in subsequent transfer magnetization, the
magnetic transfer is performed with high reliability, and

the throughput of manufacturing magnetic recording media is

improved.
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3. The nethod according to claim1, wherein said denmagnetizing step enploys
a magnetic head conprising a plurality of mutually separated pernanent
magnets enbedded in nonnagnetic base, said nagnetic head generatzjné Broots
alternating nmagnetic field, said alternating magnetic field being constant
intime; and the polarity of said alternating nmagnetic field changing
spatially; to demagnetize the magnetic recording layer. 38 2 1 SEP 2005 4.
The net hod according to claim3, wherein said alternating magnetic field is
generated by noving said nagnetic head perpendicular to said recording
surface of said magnetic recording nedium 5. The nmethod according to
clai m 3, vWhatd$ daiswidds:al t ernati ng nmagnetic field is generated by noving
said magnetic head in a direction which traverses said magnetic recording
medi um while the distance between said magnetic head and said recording
surface of said nagnetic recording nediumis held constant. 6. The nethod
accordi ng to & apthed of gertrading f@%ﬁ'@'%ﬁﬁﬁ%’dﬁ%'"r%&”@ﬂﬂ?tﬁ?@feﬁ%’émgrﬁ'?d@"a the

per pendi cul ar magneti c nmedi um havi ng an easy axis of nagnetization in the
di rect i on MeiBepedRRrtsinadie #t8Psaf d recordi ng surface. 7. The nethod according
to claim1, wherein the direction of the nagnetization recorded in said
magneti c recording nmediumis perpendicular to said recording surface.

The net hod according to claiml, wherein the mag nltud of sai Iled
al ternating mad ﬁ@tap'ge tizing| e MrghetiCategPidings mteﬂlé'””hx%n%‘ﬁyc‘,“gr @Eor%‘eﬁ%gﬁ%dl um

d then d h dal | y with
e as descri BABRYF TR “Pel waar? B f‘?°gﬁt‘a’gﬁte?)&tp%€s¢f () 6 Gooer )

';hte) f r\ghqﬁreﬁC; 'p%ﬁ&ng’cular and para\leﬁ to a rerc%?éllnrg;umr%% %sald %Q&Ee‘tlc recoerclhgg .

layer; and

decreasing the intensity of said alternating magnetic field with elapse of time to

demagnetize the magnetic recording layer.

2.  The method according to claim 1, wherein said demagnetizing step employs an
electromagnet generating said alternating magnetic field, the polarity thereof changing
with elapse of time in a predetermined position, to demagnetize the magnetic recording

layer.

3. The method according to claim 1, wherein said demagnetizing step employs a
magnetic head comprising a plurality of mutually separated permanent magnets
embedded in nonmagnetic base, said magnetic head generating an alternating magnetic
field, said alternating magnetic field being constant in time; and the polarity of said
alternating magnetic field changing spatially; to demagnetize the magnetic recording

layer.
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g(t) is a function that decreases linearly from1 to O over a predeterm ned
period. 39 21 SEP 2005 9. The nmethod according to claim11, further
conprising transferring magneti zation to the nagnetic recordi ng ”Eg?%ﬂf»
after said demagneti zing step by the steps of: preparing a nmas ér I SC

i ncl udi ng a nonmagnetic substrate and soft magnetic |ayers of a soft
magnetic nmaterial enbedded in said nonmagnetic substrate such that said
soft nmagnetic |ayers are isolated fromeach other and aligned

periodically; positioning said master disc in close contact with or in
close proximty to said recording surface of said nmagnetic recording |ayer
of sai d negnetflhe metbod dicngrdingeli olaim & dvtepgih ysairh alienmatinge triagnéticefigld par al | el
to said recording surface in close contact with or in close proximty to
sai d mast egendtatesd hyomavighedid oabhsticthead peependingarstersaid relearding stirfacedf 52id sai d
master disc in the formof said soft nmagnetic patterns to said nagnetic

r ecor di ng madfietipfeconlingmediior ol devi ce for magnetic recordi ng conprising: a
dermagneti zati on neans; and a transfer neans; wherein said denagnetization
means applies an alternating magnetic field perpendicular to or

per pendi cul ar _and parallel to the recording surface of the nmgnetic
recor di ng 9-aydPbe grethodragrerding toetlaintidngvhaeein sdid eiermatinde Agppsticofielddsd 40 2
1 SEP 2005 alternating magnetic field decreasing with el apse of tine, to

g . ( { . :
i nitially 9G8R PEVIAY REigRRgnetic Beast thi %&"?%?%Wh'%ﬁfﬁverseg said magnetic

recording medium, while the distance between said magnetic head and said recording

surface of said magnetic recording medium is held constant.

6. The method according to claim 1, wherein said magnetic recording medium is a
perpendicular magnetic medium having an easy axis of magnetization in the direction

perpendicular to said recording surface.

7. The method according to claim 1, wherein the direction of the magnetization

recorded in said magnetic recording medium is perpendicular to said recording surface.

8. The method according to claim 1, wherein the magnitude of said applied
alternating magnetic field first saturates the magnetic recording medium, and then
decreases with the polarity thereof changing sinusoidally with time as described by the

following equation,

H(t) = Aopeg(t) e cos(27ft),
where t is the time, Ag is the maximum applied magnetic field, f is the frequency, and

g(t) is a function that decreases linearly from 1 to O over a predetermined period.

39



wherein said magnetic transfer neans positions a master disc in close
contact wth or in close proximty to said recording surface of said
magnetic recording |ayer, said master disc conprising a nonma@rieSEER 2005
substrate and a plurality of soft magnetic |ayers of a soft magnetic
mat eri al enbedded in said nonmagnetic substrate such that said soft
magnetic | ayers are isolated fromeach other and aligned periodically; and
wherein said nagnetic transfer nmeans applies a magnetic field in parall el
to said recording surface of said magnetic recording |ayer, to
magnetically transfer the servo data stored in said master disc in the
formof s&.d Jbémethgreecordingde claimmg, fudhersaimgrisiag) teinsferringcmaghsatigatiopdd um
initially demagneti zed by said denagneti zati on neans. 41

the magnetic recording medium after said demagnetizing step by the steps of:

preparing a master disc including a nonmagnetic substrate and soft magnetic
layers of a soft magnetic material embedded in said nonmagnetic substrate such
that said soft magnetic layers are isolated from each other and aligned

periodically;

positioning said master disc in close contact with or in close proximity to said
recording surface of said magnetic recording layer of said magnetic recording

medium; and

applying a magnetic field parallel to said recording surface in close contact with
or in close proximity to said master disc to magnetically transfer the servo data
stored in said master disc in the form of said soft magnetic patterns to said

magnetic recording medium.
10. A control device for magnetic recording comprising:

a demagnetization means; and

a transfer means;

wherein said demagnetization means applies an alternating magnetic field
perpendicular to or perpendicular and parallel to the recording surface of the

magnetic recording layer of a magnetic recording medium, the intensity of said
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alternating magnetic field decreasing with elapse of time, to initially demagnetize

a magnetic recording layer, and

wherein said magnetic transfer means positions a master disc in close contact
with or in close proximity to said recording surface of said magnetic recording
layer, said master disc comprising a nonmagnetic substrate and a plurality of
soft magnetic layers of a soft magnetic material embedded in said nhonmagnetic
substrate such that said soft magnetic layers are isolated from each other and

aligned periodically; and

wherein said magnetic transfer means applies a magnetic field in parallel to said
recording surface of said magnetic recording layer, to magnetically transfer the
servo data stored in said master disc in the form of said soft magnetic patterns to
said magnetic recording medium initially demagnetized by said demagnetization

means.
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