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| 10 August 2004 1 DESCRI PTI ON MAGNETI C TRANSFER METHOD ANDP AVBENEPPE
TRANSFER APPARATUS 5 TECHNI CAL FI ELD The present invention relates to a

nmet hod for nmagnetically transferring a gignal onto magnetic di sks such as
those used in hard disk drives and floppy disk drives, and to an apparat us
that uses this method. 10. BACKGROUND ART In the field of magnetic

recordi ng/ reproducti on appar at USGSDE@@RT?WON trend towards the use of

hi gher recording densities with the aimof producing snall, high-capacity
apparatuses. A representative exanple of a nmagnetic 15

recordi ng/ reproducti on appaMMAGNETIE THRANSHER METHODHaGP di sk drives
with areal recording densiti | A ready have
appeared on the market, w t%@?ﬁé%ﬁ@éﬁﬁ%ﬁg&t ed in the next
few yearss due to the rapid technol ogi cal advancenments being made in this
field. A mpproHREERE, Fikitfe achi evenent of high recording densities is the

2.0 use of magnetQ-resistive type heads that allow increases in |inear
recording densit Ypain@resemt, dpyenbier, relates atof a8 omeathed Sfpy r magmetigalygnal

recor g_ed Ogtxﬁn_sit'eﬁ'ﬁﬁlﬁ @csri]gﬁaqedsnﬂghﬁl!atgaeﬁ@vaigk&rsqgﬁ-asTﬂébsbn&éeﬁaﬁg&aaitra diskt hat
recordi ng nsi 0 _hav e it necessar 0 . Jeduce the di nce tha
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di sk. T s increases the probability of the slider colliding with the disk
due to a va%k%tm}gbm g Such a situation requires that magnetic disks.

be made with snoother surfaces. Tracking servo technology used in a head
al so plays an i rrpl@r&h@rﬁeld@f@athﬁpﬂgﬂagh@mdpm@@ng@wramspswfwrﬂas aow
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' A major factor in the achievement of high recording densities is the
20  use of magneto-resistive type heads that allow increases in linear recording
density and can reproduce, with a favorable S/N ratio, a signal recorded on a
track no wider than a few microns.
The increases in recording density also have made it necessary to
reduce the distance that a floating magnetic slider floats above the surface of
25 a magnetic disk. This increases the probability of the slider colliding with
the disk due to a variety of causes. Such a situation requires that magnetic
disks be made with smoother surfaces. _
Tracking servo technology used in a head also plays an important role
in having a head precisely follow a narrow track. Modern hard disk drives
30  that use such tracking servo technology have areas in which tracking servo
signals, address information signals, reproduction clock signals and the like
are recorded that are provided on magnetic recording media at intervals of a
predetermined  angle, (also called “preformat recording areas” in the
following). A drive apparatus detects the position of the head from the above
35 signals that are outputted by the head at predetermined time intervals, and

corrects the head position so that the head can properly follow a track on the
disk.



di sk. 10 August 2004 2 The servo signals, address informati dAAigg#al084and
reproduction clock signals therefore are used as reference signals in
order to have the head properly scan tracks on the disk. As a result, high
positional accuracy is required when witi ng t hese signals onto a disk
(such writing is hereafter 5 referred to as "formatting” the disk). For
current hard di skpg | |
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As a result, a different formatting method that does not use servo

writers has been proposed. With this method, a disk called a “master” on

o

which all of the servo information is recorded is placed on top of the magnetic

_ disk to be formatted and energy to achieve transfer is applied from an

25 external source to transfer all of the master information onto the magnetic
disk.

One example of this technigue is the magnetic recording apparatus
taught by Publication of Unexamined Japanese Patent Application JP
H10-40544A. According to this application, a magnetic portion made from a

30 ferromagnetic material is formed in a pattern corresponding to an
information signal on a substrate surface, thereby producing a master
information carrier. The surface of this master information carrier is
brought into contact with the surface of a magnetic recording medium. This
magnetic recording medium may be in the form of a sheet or a disk, and is

35 provided with a ferromagnetic thin film or an apphied layer of a ferromagnetic
powder. A predetermined magnetic field is then applied, so that a magnetic
pattern corresponding to the information signals formed on the master



powder. A predeterm ned magnetic field is then applied, so tlRdtugastBifrietic
pattern corresponding to the information signals forned on the master 10
August 2004 3 information carrier is recd ded on the magnetic recording
medium Wth the above nethod, the arrangenent of patterns corresponding to
the information signals on the master information carrier can be recorded

si nul t aneoupfpr@ationtdaeriBReeicbfdddesiPtil ReiBHE YaRdidPMgldm. Patterns. 5
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medi um  Fi g,y ﬁlﬁnﬁ iction of the measurements produced by optically
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18, a magnetic recording medium has protrusions that are 20nm high, the
magnetic head will come into contact with the magnetic recording medium
during the recording and reproduction of data. When this happens, the
25 impact forces the magnetic head upward, increasing the clearance between
the magnetic head and the magnetic recording medium and worsening the
signal recording/reproduction performance. Also, physical contact between
the magnetic head and the magnetic recording medium shortens the life of
the magnetic head and can lead to disk failures for the magnetic recording
30 medium,
Fig. 19 is a depiction of the measurements produced by optically
measuring protrusions across the entire surface of a magnetic recording
medium on which information has been magnetically transferred using a
conventional magnetic transfer method. As can be seen, a large number of
35 protrusions 20nm or higher are present on the surface of the magnetic
recording medium,
As described above, magnetic transfer according to conventional



35 protrusions 20nm or higher are present on the surface of 10hagust@oeti c
recordi ng medium As described above, magnetic transfer according to
conventional 10 August 2004 4 magnetic transfer nmethods often results in a
| ar ge number of protrusions being presént on the nmagnetic disk after the
magnetic transfer. This causes the problens of |ower
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step of burnishing at least a surface of the magnetic disk that comes into

contact with the magnetic transfer master. The first step, the fourth step, the

second step, the fourth step, and the third step are performed in the stated

order.

With this method, a burnishing process is performed on the surface
of a magnetic disk before magnetic transfer, so that unwanted protrusions and
foreign matter are removed from the surface of the magnetic disk, thereby
making highly reliable magnetic transfer possible.

In accordance with another aspect of the present invention, there is
provided a method of manufacturing a master information recorded magnetic
disk comprising the step of bringing a magnetic disk into close contact with a
magnetic transfer master having a magnetic film formed on at least one side;
a step of magnetically transferring a pattern of the magnetic film on the
magnetic transfer master onto the magnetic disk through application of an
external magnetic field; and a step of optically detecting defects in the surface
of the magnetic disk. The magnetic transfer step is performed immediately



magnetic transfer nmaster onto the nagnetic disk through apphogagusteool an
external magnetic field; and a step of optically detecting defects in the
surface of the nmagnetic disk. The magnetic transfer step is perforned

i medi ately 10 August 2004 5 after confjrmng in the optically detecting
step that one of a nunber of defects on the surface of the magnetic disk
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magneti ¢ Oﬁ'sSlfarc\)Aﬁaeg deliiisa 35 manufacturing a master information recorded
magnetic disk comprising the steps of bringing a magnetic disk into close
contact with a magnetic transfer master having a magnetic film formed on at
Jeast one side; a step of magnetically transferring a pattern of the magnetic
film on the magnetic transfer master onto the magnetic disk through
application of an external magnetic field; and a step of detecting defects in the
magnetic disk by scanning the magnetic disk with a detection head that floats
a predetermined distance above the surface of the magnetic disk. The
detecting step is performed after the magnetic transfer step.

The above method provides a highly reliable method of
manufacturing a master information recorded magnetic disk where defects are
not produced in the surface of a magnetic disk due to magnetic transfer, and
can supply magnetic disks that have no surface defects.

Other methods of manufacturing a master information recorded

magnetic disk in the following all include a defect detecting step for detecting



not produced in the surface of a magnetic di sk due to magneto@ugustepber ,
and can supply nmagnetic disks that have no surface defects. O her nethods
of manufacturing a master information recorded magnetic disk in the
following all include a defect detecting step for detecting 10 August 2004
6 defects in a disk, in addition to a basic magnetic transfer process of
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magnetic transfer master is brought into close contact with a detection dlsk,
the detection disk having been subjected to the defect detecting step to
confirm, for a surface of the detection disk that comes into contact with the
magnetic transfer master, that one of a number of defects and a size of the
defects is not greater than a predetermined value, and the detection disk is
then subjected to the defect detecting step and when the defect detecting step
confirms that one of a number of defects on a surface and a size of the defects
is not greater than a predetermined value, the magnetic disk and the magnetic
transfer master are brought into close contact and magnetic transfer is
performed.

Thus, the detection of defects on the magnetic transfer master can be
performed easily and with very high precision, thereby making the magnetic
transfer method highly reliable.

In yet another aspect of the present invention, the methods of
manufacturing a master information recorded magnetic disk may further
comprising, the magnetic transfer master is brought into close contact and



perfornmed easily and with very high precision, thereby nakingaAubestmagaetic
transfer nmethod highly reliable. In yet another aspect of the present

i nvention, the nethods of manufacturing a master information recorded
magnetic disk may further conprising, ¥he nmagnetic transfer master is
brought into close contact and 10 August 2004 7 separated froma cleaning
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Thus, foreign matter that adheres to the magnetic transfer master can
be detected quickly and easily, before being removed. As a result, magnetic
transfer can be performed with highly reliability.

In yet another aspect of the present invention, there is provided an
apparatus for manufacturing a master information recorded magnetic disk by
magnetically transferring an arrangement pattern corresponding to
predetermined information signals composed of a magnetic film formed on a
magnetic transfer master onto a magnetic disk as a magnetized pattern of the
information signals, comprising: pressing means for bringing the magnetic
transfer master and the magnetic disk into close contact with each other;
separating means for separating the magnetic transfer master and the
magnetic disk from each other which have been brought into close contact
with each other; controlling means for controlling the pressing means and the
separating means so as to repeat a predetermined number of times an
operation of bringing the magnetic transfer master and the magnetic disk into




transfer master and the magnetic disk into close contact w 4D seaas 2o0her ;
separating neans for separating the magnetic transfer master and the
magneti c di sk from each other which have been brought into close contact
wi th each other; controlling nmeans for %ontrolling the pressing neans and
the separating nmeans so as to repeat a predeterm ned nunber of tines an

operation eros@rddaﬂmgwtiﬂheaﬁ%egéfa%d "RIT &lchBfes! nBlph ﬁpeﬁ@ﬁg 1iy?n§i sk
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field applying means, so that the pattern corresponding to the information

signals is magnetically transferred onto the magnetic disk as a magnetized

pattern.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart showing the various processes performed in the
magnetic transfer method of the first embodiment of the present invention.

FIG. 2 shows a magnification of part of the magnetic transfer master
used in the present method.

FIG. 3 is a cross-sectional drawing showing an apparatus used in
step ST102 of the present method during a separating operation.

FIG. 4 shows the apparatus of FIG. 3 during a pressing operation.

FIG. 5 is a top view of the magnetic transfer master used in the first
embodiment.

FIG. 6 is a top view of the boss used in the apparatus shown in FIG. 3
and in FIG. 4.



step ST 102 of the present nethod during a separating operatd@ngudtioGos 4
shows the apparatus of FIG 3 during a pressing operation. FIG 5 is atop
view of the magnetic transfer naster used in the first enbodinment. FIG 6
is atop view of the boss used in the gpparatus shown in FIG 3 and in
FIG 4. 10 August 2004 7b FIG 7 shows the relationship between the passage

of time and air pPIESTWHRW IR 9@1&&{)@%@&%@%9@%@6% dahﬁ FI G

3 and in FIG 4. FIG 8 _shows t n t 04 | n In the
magnetic Presfdtedn aqa%mgci%amedﬁw PPAE IS SheNAID HHGE3 and 1 BIG: %l i f 1 ed
cross-sectional VFRW, Qfsh@ﬁls@@?édﬁiﬂﬁlshhfg step ST 0 chidsd §aﬁlﬁ7ma t3¢ ep
ST108 of t{]re ﬁrese h @tf&n t }3%9 is.a cross-sectional view of an

appar at us A ef)@?ef P % r5§ﬂ genthe present method during a
separating operatFia. %FiGa simpkfied crossssatinabnakw iofvarfappaeatappthatit us

that_per ! ohiitheBiep T I0PaRl sty BIGS SR ind BicAgH: fldbide @ preseing

operation rspective appar atus_for
performing a gliBEhED gma Qrega-swaqn@é VW sdran mpm@s thptepenformh Gigp

experi ment gir10gfithe Péyeﬁtﬂfe@hmduﬂﬁg%ts alti}% op&ha6hS ON 2 magneti c disk
and signal error sgw arious net conditionin ds. FIG 14

is a flowchart sh tl%é%?%@@é@aﬁwwﬁ the appyatps ser SED t he

present i nSE’mOB@fthEpﬁeseﬂ;Bmeth@d dﬁﬂﬁgm@ssmgai egitbi.ng show ng an
apparatus used in

d_d
operati on. Fr G 11GnbRd T RECuBhbaTiSh SROMbed Ehablnfithe R GrIGhTg A "
oper ati on. glid¢ beight testonghapreskat instivid.p bet vveen a nunber of times a

magnetic transfegpypdyas A ngdae)ﬁie? érﬁgloﬂeg {5 bl p(; %@Cﬁwer and

separated 10 August 20 er s in th sur
cl eani ng Niefegissen pj gragogtic sdis cﬁb@sﬁlgé% |35W£$ 9T eVprdpus fﬂ%@i@%ldﬁkl n a
magneti c d¢(§1(d1t1@f1 mEdeRt i ¢ transfer accordi ng to a conventional nethod.

of i ho. magneti o Sftt?zei‘ﬁt”t ;o oo Ao Sis e gioPract e it 2 seeiiooe
FOR CARRYI ¢i@botimdittof the@s«mt invention.
FIG. 15 is a cross-sectional drawing showing an apparatus used in
step ST202 of the present method during a separating operation.
FIG. 16 shows the apparatus of FIG. 15 during a pressing operation.
FIG. 17 shows a relationship between a number of times a magnetic
transfer master and a cleaning NiP disk were pressed together and separated



The foll owi ng describes the preferred enbodi nents of the preéseagustiadognti on
with reference to the acconpanying draw ngs. 10 First Enbodi ment The
foll ow ng describes a magnetic transfer 8 ethod and magnetic transfer
apparatus according to the first enbodi mrent of the present invention, wth
reference to Figs. 1 to 11. 15 Fig. 1 shows the flow of a process for

magneti ¢ tFaﬂéfaQ{umbé‘ﬁbﬂkIEfBQ:SQntﬂé%ﬁﬁfh%efo%hé@i@%ﬁ%]}ﬁ? AgLand conditioni ng
t he magnetic dis;F. Fi.rst, a mastcg{od sk used for the magnetic tr'agfifsfr; S

described. Fig. 218 Bn'SeRIApPiEee FreBAiia derressignil AcmasRsEe ster
di sk 2 shoaftegmtagnetic tkaeded dgnordinigoi. a tonvengiond] nipthed.al 30 i ndicates a

magnetic 20 fil l.C t to pe transferred onto a
magnet i c disk. Ar%‘nlg;fl tegr gﬁﬁ%f‘%ﬁ??‘%%% tt'3 e?llr%l)%gugg‘? o%ryngﬁagﬂijf ﬁ%a%%ttﬁg film
30, in & patudace ofdbermagretit digktafteridediogpventionali magnetiotragisfral to be
recorded on the magnetic disk. This master information pattern is formed

I n a magnet | ' e r jc thin film Radial grooves
4 are al so Bﬁmﬁﬁﬁ&%ﬁ@\@ &ﬁl&tﬁ@%ﬁﬁ@g%as the magnetic film
30. Various typesThd foligeiatg desatiesd ghe Iflafbrb@d dﬁﬁl&iﬂﬁﬁd ifeinté W fher b@é@ﬂ:ﬂﬁ I C
thin film . netic.naterials, .semhard magnetic materials, or -
- soft magnetﬁlgf%%%]t%grwlapg?gi%%cen@t%ei aeompae g%aé@%s'di gital information
signal 0o be recorded on the magnetic recording nedium may be used. As 30
exanpl es, | ppRr FERBHher2" an alloy of iron and cobalt may be used. In
order to produce S Eﬁlcj ent, magnetic field for transferring the naster

i nformati on regar i SYIng, dese ﬁcm@igﬁlﬂtlﬁ)ﬁﬁél,mf?heﬂéﬂt@r aﬂdoﬁagﬁa@ﬁet iC
flux densi ttraabfer appaRgietdccorting kb &lﬁe ﬁiguéxﬁbbﬁixﬁ@nﬂufghe@&e@@ﬁsnbbﬁsion,][ n
parti cul ar, r net L cwdi s tfiat have a high coercivity in excess o
2000 35 oervggtgla{e?%_r%n%k%g%ﬁ' éi‘f’bllqe disks with a thick recording |ayer,
there &% cases KNigedestwventhe ool &agne@ﬂscfotlmagnté:nstnamsfa‘r,ﬁmtﬁudml ahpr
below is n S Sn uiss e ifn og]gg\é:h 0 Y. i's
reason, a %m%g;ﬁ‘ If&lmalte llligllgtr 10 %u us?ﬂ%gga 9 g/ieﬁ?_a sate%catelfsgﬁ n%lg%%tﬁsc
flux densi t‘?gé?er(ﬂcl%kf“é gf’rcﬁhearﬂégg?tl%Fr%sgﬁTéﬁélﬁﬁWh‘?‘b tesla or above, is
used. As shown i rFigt 2ps Shhlargedrigw dof pdrbef Hagagidié traasilkehastesdak 2 of

t he above ¢ L.qur.at i [ shed usi a nvent i . et hod, such as 5
Serubbing. R Bkl A8 BnBBSRRal ROrt 2 NERAAR ifialer o bheges
conventilonafilmabat agables a magoetipgsdtdneto be tromsfared nuteaumagnetid disk.

A master information pattern is formed on this magnetic film 30, in a pattern

corresponding to the digital information signal to be recorded on the magnetic

disk. This master information pattern is formed in a magnetic portion made

up of a ferromagnetic thin film. Radial grooves 4 are also provided on the
25 same contact surface 3 as the magnetic film 30.

Various types of magnetic materials can be used for the ferromagnetic
thin film, such as hard magnetic materials, semihard magnetic materials, or
soft magnetic materials. Any material that enables a digital information
signal to be recorded on the magnetic recording medium may be used. As

30 examples, iron, cobalt, or an alloy of iron and cobalt may be used.

In order to produce a sufficient magnetic field for transferring the
master information regardless of the magnetic disk type, the saturation
magnetic flux density of the magnetic material should be as high as possible.

~ In particular, for magnetic disks that have a high coercivity in excess of 2000
35 oersted, or large flexible disks with a thick recording layer, there are cases
where a saturation magnetic flux density of 0.8 tesla or below is not sufficient

for recording to be performed properly. For this reason, a magnetic material



protrusions in the magnetic film 30 that remain in the contagiugusti>aoe 3 of
the magnetic transfer master 2 or mnute particles of foreign natter whose
.sizes range fromabout 20 to 50nm For tlgis reason, step ST102 is 10
performed to conpletely renmove such mnute particles of foreign matter. In
step ST102, the magnetic transfer master disk and a cleaning Ni P disk are

pressed cl oggly, LRA8LESH %&%n%?{ﬂﬁﬁﬂ%ﬁﬁﬁ}z 9%%%[4@105@? @g&eﬂta@yfﬁé

This step ST102 I's, descri ow Wt erence
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of the ol eén.ﬁr@ﬁi[@ ey BARAL AL (PR rbid ek T A APRRHENT, B0 B ey 2

and the cl eﬁ?ﬁsﬁ IEgsel §ngqt1\er Nnﬁo Semfawtbmpmdﬂtﬁgmr&d pradereefitinees. gaps

51 are provTHRGiEFSTEO? ik ABsG&HUEhelbR Withirefdi8ned ﬁﬁFig%QS Mnid 4i sk 1A and the
30 boss 5, there

. al ng air to ween t I n. Fi
nuneral 6 indicat é?ﬂﬂ zque 8PS §%§M§H@W% s V@HEFHS H%Ppr%ﬁ‘@lﬁlfﬁ\ A
t hr ough5hol per'fonms pte@vS’Mﬂz andtthe opepson of tlmlseip]_mmpm t @ig.03 showwtihée
assage of
bet ween t he% nEF Bufing the MbARLGG, 8ofltlprd Mliq B 4 ML MELAT,
punps air W@srt £ pressipg @pgwlomu@r@esg drrmmga, éslwalé&\mgh@at@atthet f or
al | owi ng t hdleahingeXiR|dislel Whilk '}ﬁnﬁbfald?r'(iﬁdﬁaﬁ& ARCagnetid W3Bh&er Haster

i ndicates a,s n hat, con cted, he .ex tlet 9, 10

August 2004d1f’g%§ﬁg ‘Wg‘i‘?g?%i ag%nﬁ 9’1"%3 acenf é&‘?ﬁ‘i g?“tvbs‘slﬁg -control s the

expul si2@n of air.Nunewel 8| iniZciteslithatsefan ¢ the wpgEnetitgtriausferf @asfanPi ng

air intot | I dieat K2 air i val ve
ad rﬁgéj%tOB C Haiclt HTEL S c.].%;iuhg N(fla A lﬁfx%ﬂ?% %4 e

for controlling air. r sup ylng p

suppl yi ng
provi ded wiR19vzdesl puthip @a@écs surface 3. t dtig. Sis atap view wof the sontact éﬂeﬁagﬁ
matter thatgargs QhednMCFRNS, thel A08¢ds I Rxtend radially from the center of the

magnetic transfer master 2. In the present embodiment, the grooves 4 are
25 - about five microns deep. Numeral 5 indicates a boss that is fixed to the

center of the magnetic transfer master 2. The boss 5 engages a center hole

of the cleaning NiP disk 1A, and so centers the magnetic transfer master 2

and the cleaning NiP disk 1A. Also, as shown in Fig. 6, predetermined gaps

51 are provided between the center hole of the cleaning NiP disk 1A and the
30  boss 5, thereby allowing air to pass between them.

In Figs. 3 and 4, numeral 6 indicates a support for supporting the
cleaning NiP disk 1A. A through hole 7 is provided in the center of the
support 6 to allow the passage of air. Numeral 8 indicates an air duct that
expels air from between the magnetic transfer master 2 and the cleaning NiP

35 disk 1A or pumps air between the two disks. Numeral 9 indicates an
exhaust outlet for allowing the air expelled by the air duct 8 to escape,
numeral 10 indicates a suction pump that is connected to the exhaust outlet 9,



size are not punped into the air duct 8. Numeral 14 indicataesayghstizdoag arm
that holds the magnetic transfer master 2. This holding arm14 1s fixed to
the magnetic transfer master 2. A boss fdfmed at the top of the holding arm
14 is supported by a guide nenber 16 so as to position the holding arm 14
10 with the holding arm 14 free to slide in the vertical direction. The

fol I owi ng des@ribgsrding SeRaias A bxhatsPYERe thdt e&g@;g@%@gsﬁt@ Aiﬁ. W th

referencet&Flgs. I’»an. 1. First, the separatio [ SK:¢ rough the
suppl yi ng of VERFralst2 andicatesean git SupRhARE RUWNP OriRImBIngDAl| Ko tihesalr
(i)gl)er Ftt i 03, diet 8] whslepplyibre 13151d3fﬁfés % iy sm}p@ﬂﬁhgﬁzdﬂzé lfort c%l:lﬁltﬁéiliﬁ_ gsﬂhevﬁ' ve
cl osed a i F_SUpPRhYing valye open, .so that .air into the
air duct 8. g_ﬁgf’g’?‘%@s’% t gJi}pré | S“BB%%%%PPHP%EGHSPH@V’%{?PI%}} %ﬁ;’@ B ar d,
whi ch i s5t oagsfiltes, sotthat gartades ohforsigmmabtertthet are 6v0 1 microkk @r 18rgcthe air
that is pu ¢ : 7 . Air
Is al so pumﬁg iﬁiﬁg h(la:'gl ﬁﬁo{g\?ggﬂg%a%&é%ﬁsgﬁmﬁﬁgﬁ%%g@é?%\%a%% grrgi r
that is pug%%t angepefie sransfeamagter 2.0uThisshelding armohd dinixedroer of
the magneti ¢hé heapgiceic tFRB4EF ntastér2! N HBES Bi@fed 4t t@ﬁgﬁéﬂ' tHe IRl dRAS 8RR
t hrough the netic.transfer  nmast

ap between .t he ma r an e cleani ng
NP ok 1alds SEbARER 1, ARAE e ERRE B Sy £ DRbp G RpldiRs fras 1ng
fine pakQi cwath the hodimgyarmel4 free thslidatththeevdrticahdirgétionir f ace of the
magneti c transfer r [ ' [ 4t 0 .
apparatus. Fi gq}]r 7'1T§ﬁgﬁ)%vtvﬁéé)rd§%§??%ngﬁ€p£gg V\'g%r?\ #@eﬁ%%g%%egpgf ‘I“It}:&rlr% Bnd
the air pr88&il &igh refegengertoiigs.nbandd. (hereafter referred to as "gap S')
bﬁt ween thl_e nggn_gir'sc, tﬁé:l@téf)ﬁaﬁ@s?ﬁrthg_ﬁgﬂs :dhﬁoﬁélﬁét{h%nguﬂﬁl?mﬁ %kfa?lf\_- isAS
shown in Fig, : par.ationof.. sks thr.ou ne punping of air
begi ns afteaeﬁf%f%éaéi Wit s .m%oflg'egul uringthys obprakion, thegir Sypplyipg;
the gapl® shumy ¥2 is epexded svith dhe express valyecll diodedkid. thef diersuppyihgone
second, a pLgRRULS cgien aBOtH a1 2} Rk SinR dib A CGuct B Sél%e&' RdugOrdigsgonds
to the separatio %[r f he netic transtfer paster 2 and the cleaning N P
di sk 1A 35%%63& Avgh dhe thrqugh hele T ypyeed.evhinbeisttorsayhin gae divectienn t he
cl eani ngblNi Ehdbirﬁ{b%rlﬁheaﬁdmb?%iﬂ@%g@ti ngeriﬂEZﬁﬁf is@&hﬁé?%h%&%@tl?elgngﬁgﬁarlgow
as possible e present epbodi A ap is_set. about 0.5mm
Angnst - pooahgle" hfssBh TRE Boa€ BRI o ik oS aftRmiBipp i, 4% Eroases & e
cl eani &P Ni fhatvsibyithe amdwsHd nBbisedir ¢hat inphmperdstethe grenesrd sgraadat
fine partic ; | r t |- rried
out of 't he gaerially B Bhe BBAE of PhE BElncRt WAL BibdlP 2T Hie BEENER, |
cl eani ng Ni Y e air then passes through the gap between the magnetic transfer

master 2 and the cleaning NiP disk 1A and escapes to the atmosphere. This
flow of air carries any fine particles of foreign maitter that adhere to the

25  surface of the magnetic transfer master 2 or the cleaning NiP disk 1A out of
the apparatus.

Fig. 7 shows the relationship between the passage of time and the air
pressure of the air in the gap (hereafter referred to as “gap S”) between the
magnetic transfer master 2 and the cleaning NiP disk 1A. As shown in Fig.

30 7, separation of the disks through the pumping of air begins after three
seconds. As a result, the air pressure of the air in the gap S sharply
increases from a pressure of 101.3kPa. After about one second, a pressure of
about 130kPa is maintained. This period corresponds to the separation of
the magnétic transfer master 2 and the cleaning NiP disk 1A.

35 During this operation, it is preferable for the gap between the
cleaning NiP disk 1A and the magnetic transfer master 2 to be set as narrow
as possible. In the present embodiment, the gap is set at about 0.5mm.



5 disk 1A and the magnetic transfer master 2 is controlled hy phguitz@olhe
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by the arrowd fallipgibelow atmospheric pressure.” Therefore the cleaning NiP disk 1A
is pressed onto the magnetic transfer master 2 mainly by atmospheric
pressure 15. : .

25 As a result, foreign matter present on the cleaning NiP disk 1A is
sandwiched between the cleaning NiP disk 1A and the magnetic transfer
master 2. Since the cleaning NiP disk 1A is manufactured using a softer
material than the magnetic transfer master 2, foreign matter that is
sandwiched between the two disks sinks into the cleaning NiP disk 1A or

30 causes depressions in the cleaning NiP disk 1A, without damaging the
surface of the magnetic transfer master 2. Unintended minute protrusions
in the magnetic transfer master 2 are also flattened when the magnetic
transfer master 2 is pressed against the cleaning NiP disk 1A. In Fig. 7, the
period that follows the start of evacuation at zero seconds and during which

35 the air pressure in the gap S is about 30kPa corresponds to the time in which
the disks are pressed together.

Following the pressing operation, the separating operation shown in



Bin Fig. 3. The air punped in this way forces the magneti c1bpageéternosast er
5 2 upward until the upper surface of the holding arm 14 cones into contact
with the | ower surface of the guide nenber2z 16. At this point, air passes

t hrough the grooves 4 and continues to be punped radially outwards fromthe
center of the magnetic transfer master 2 to the outer periphery of the

di sk, as shgwnghy defafRil 0%21@ 15% §a}r &R dxhd u%%[: e rﬂt 1C80L P 1HeS

present on the 10 su%Lac of ga ((eitlc transter master 2 1Is éxpelfl d to
the at mosph&MRPLYIRg Xk ltsrPReFPé* apndpthepay syppiymspumy, J2) 15 epested 1

or i sht r ansThig ecbulignibait beirgy pamiped 1NItHed<ﬂ1ﬁét1bﬁs sgﬁwﬁﬁn%eﬁié ?ﬂoﬁd%%ﬁhﬂ%' ng
t oget her an at ifag oper at | redet er mi nunber , of t.inmes
.foreign ma terﬁ%arh; be raé'ﬁﬁj\'/l eftoflé"nﬁ'flﬁ u’fo fm?ﬁae%m%%lpﬁﬁﬁfer
master & 18 upweafd nbibithg waeer surdacet d)fétheehhkdﬂngyarmllémomemgﬁetuontahtsk 1
|'s manuf ackufeqhandwep %Qt#"dc@rtﬁ'dthe':?%?lte lgj]%ﬁbﬁ}ow by %BFSOBQL%O%%Q?S%S

(sputtering netic on the sur ace

using a con%]@??[‘-‘rggﬁg'le apd captinues imbe pumnedsradaaiie onevauds e‘?ror@eﬁhebe
formed by suéht@ﬁbfﬂlge magalleumtam&ﬁaaa%w&sﬁ t@tBe bte ;sbrrypﬁé lof fHe ARSK)

such as VapOfé tion or sputteri ng + g)onventlt%g‘ﬁl{ I S ma net

| ayer is prOreet ?BIFOIWShg a /¥ Brasty Preign.pa lﬁfprteﬁ‘én | c

l.ayer U} ngsulrfpce:@éitthwgm@xemccmmmsfu; master Ar is pkp\elilenbtont&fehatinosphﬁreas
vapor depos t S pe
bur ni shi ng ch&sgegge%% 55?‘%?‘5%#’ g@%%% ?ﬁsﬁﬁgﬁgﬂgm&) jf‘?él%r\?lvgvﬁn%%sqd l%}gr ence
to Fig. 8. iae tdigk bdr nBynrergating the aneesingntogatherr andnt

embodi ment @épatraangr@feeaﬁons mvmemmm@ﬂsﬂmae%ﬁ thﬁedJ%féigﬂ’Eiﬂatt& REna
for renoving

spindle 55 for rota ,c di sk | ap
pr ot r usi ons{’? Fehe Y‘Fl‘ieh?%? h%\ecﬁu’irﬁg %@en‘ﬁaﬁ’éﬁl(&t Ee nozzl e -58 for
suppl yi¥g air 57 Thatfoloessedesdrehes3thd apghng h}apdulSlS eamag‘xmnd Hskn@giset i c

di sk 1. Flrﬁfamltfg& nehiH Qitﬁﬁl is rotated and air 57 is supplied by the
nozzle 58 to press.the ﬁ cn ta%le 56_agai r%st the nmagnetic disk 1. At the
t

sane time, the |la P‘?nga% “HBI?YS shel 108 pputdgeriag) i anmeagsakic layendsar r ow
Pin Fig. Sf@ﬁibdsmrthﬁm\iﬁﬁad@r(ﬁtﬁ lé;&b@lﬂ-&té ru@mgt ae;oavéﬁa@ﬁal%em&i W%Q%hlec

HIPURPRE Y CXUTER WK TEE I NN ST

by the Z(Iappsulgstratap@ sedmynplatinge nsathbdceudt atheaporodegtositiati sk spmmt at

o, SR 0 LA e Sl g e 5

bur ni shing 3 top of él’!ﬁ F‘FWE ayRr sprddwseoating, spin coating, or a dry p atmg
method, such as vapor deposition or sputtering.

Following step ST103, in step ST104 tape burnishing is performed.

25 This process is described below with reference to Fig. 8. Fig. 8 shows how
tape burnishing is performed in the present embodiment of the present
invention. This process is performed using a spindle 55 for rotating the
magnetic disk 1, lapping tape 56 for removing protrusions from the surface of
the magnetic disk 1, and a nozzle 58 for supplying air 57 that presses the

30 lapping tape 56 against the magnetic disk 1.

First, the magnetic disk 1 is rotated and air 57 is supplied by the
nozzle 58 to press the lapping tape 56 against the magnetic disk 1. At the
same time, the lapping tape 56 is moved in the direction shown by the arrow
P in Fig. 8 and so removes protrusions from the surface of the magnetic disk 1.

35 In this burnishing process, lapping tape 56 with an average granular surface
roughness of 1.0 microns was used. The pressure applied by the lapping
tape 56 onto the surface of the magnetic disk 1 was set at 400kPa. If the
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2004 14 matter froment
col | ecti on &epi eddfBy The same procedure is used as in step ST104, though a

different amount of pressure is applied. That is, in Fig. 8, 40kPa is applied

to press the lapping tape 56 against the magnetic disk 1.

25 As described above, tape burnishing is performed before and after the
formation of the lubricant. During the latter tape burnishing process, the
amount of pressure applied onto the magnetic disk 1 by the lapping tape 56 is
reduced, thereby ensuring that foreign matter present on the surface of the
magnetic disk 1 after the formation of the lubricant layer can be removed.

30 It bas been found by experimentation that when a magnetic disk 1 is
conditioned using the above steps, a magnetic disk 1 can be produced in a
favorable state for subsequent magnetic transfer, with no foreign matter or
unwanied protrusions present on the surface of the magnetic disk 1 before
magnetic transfer is performed. This is described in detail later in this

35 specification with reference to Fig. 13.

The following describes steps ST107 and ST108 with reference to Fig.
9. In Fig. 9, numeral 60 indicates a clean booth. To stop particles of foreign
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If the detector 66 finds that no foreign matter is present on the

35

surface of the magnetic disk 1, then the cleaning robot 70 places the magnetic
25 disk 1 on the support 6 to carry out the magnetic transfer step 108.
As used in the present embodiment, it is preferable to use a scattered
light method to investigate the surface of the magnetic disk 1 in step ST107.
This is because investigation using scattered light is suited to the detection of
foreign matter on the surface of a disk, and by performing such investigation
30 immediately before the magnetic transfer process, the magnetic transfer
process can be restricted to magnetic disks 1 on which foreign matter is not
present, making the process more efficient.
The magnetic transfer process shown as step ST108 is performed next.
This process is described in detail below with reference to Figs. 10 and 11.
35 Figs. 10 and 11 are cross-sectional drawings showing the apparatus that
performs step ST108 and the operation of this apparatus. Fig. 10 shows
the apparatus with the mﬁgnetic transfer master 2 and the magnetic disk 1



bei ng separated, while Fig. 11 shows the apparatus wi th the108ggesti2004
transfer master 2 and the nagnetic disk 1 being pressed together. This
apparatus has a configuration simlar toishat of the apparatus wused in
step ST102 as shown in Figs. 3 and 4. Accordingly, identical 5 conponents
are referred to using the sane reference nunerals. The main differences
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gap (hereatfter referred to as “gap S”) between the
25 magnetic transfer master 2 and the magnetic disk 1 is shown in Fig. 7.
The pressing is described next with reference to Fig. 11. During this
operation, the air supplying pump 12 is stopped and the air supplying valve
13 is closed. As a result, the magnetic transfer master 2 moves downward
due to gravity, and the boss 5 engages the center hole of the magnetic disk 1,
30 thereby mounting the magnetic disk 1. After this, the exhaust valve 11 is
opened and the suction pump 10 is operated. As a result, air flows through
the through hole 7 downwards, in the direction shown by the arrow C in Fig.
11. The air in the grooves 4 also flows through a gap 51 between the center
hole of the magnetic disk 1 and the boss 5, resulting in the air pressure in the
35 grooves 4 that are covered by the magnetic disk 1 falling below atmospheric
pressure. Therefore, the magnetic disk 1 is pressed onto the magnetic

transfer master 2 mainly by atmospheric pressure 15. In Fig. 7, the period
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This stops depressions from forming in the surface of the magnetic disk 1
during the magnetic transfer process. '

It should be noted that in the present embodiment, the magnetic disk

25 1 1s transported in steps ST107 and ST108 with its recording surface facing
upward, although as one example it is also possible to set the surface of the
magnetic disk in a vertical orientation where it is parallel to the flow of air
from the filter 61 in the clean booth 60 (vertical flow in Fig. 9). In this case,
the flow of foreign matter conveyed by the air flow becomes parallel to the

30 surface of the magnetic disk, so that it becomes more difficult for foreign
matter to gather on the surface of the magnetic disk.

Also, 1n the present embodiment, the spindle 64 and the support 6 are
arranged separately, although a configuration that allows steps ST107 and
ST108 to be performed at the same position may be used.

35 The following describes the “glide height test” performed as step
ST109, with reference to Fig. 12. A glide height test is a test where a
detection head scans above the magnetic disk, and defects in the magnetic
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col lisions between the detection head and the protrusion on the nmagnetic
di sk. When performing this test, the cl 4drance between the detection head
and the magnetic disk is set slightly smaller than the cl earance used when
a magnetic head scans the 5 nagnetic disk. Fig. 12 is a perspective
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between the head 0, ﬁﬂﬂ)v&ﬁg &B%Qﬂﬁ é Bléjbggr#mn"\@fﬁﬁ él?ovteqapﬁ%af‘#smﬂ’uéts set
as descri beqd above at a | ower
the controller 29 lets the spindle control unit 28 rotate the magnetic disk 1 at

a predetermined speed. Next, the positioning control unit 27 lets the head

positioning unit 26 move in the direction shown by the arrow ¥ in Fig. 12 and

25 stop when there is a predetermined distance, for example, 15nm, between the

head 40 and the magnetic disk 1. This position is set according to the
following method.

When the head positioning unit 26 has been moved to a certain

position, the distance between the magnetic disk 1 and the head 40 is

30 measured. The distance by which the head positioning unit 26 needs to

move until the distance between the head 40 and the magnetic disk 1 is 15nm

1s then calculated and stored by the controller 29. The controller 29 lets the

positioning control unit 27 move the head positioning unit 26 and so sets the

distance between the head 40 and the magnetic disk 1 at 15nm. The

35 distance left between the head 40 and the magnetic disk 1, which is to say

15nm, is set as described above at a value that is equal to or lower than the

distance a magnetic head, provided in a recording/reproducing apparatus into



di stance a magnetic head, provided in a recording/reproduci Rg sapparoanys
into 10 August 2004 18 which the nagnetic disk 1 has been | oaded, floats
above the magnetic disk 1 during recordiigg and reproduction. Next, while
the magnetic disk 1 is being rotated, the head 40 is controlled by the
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transfer master 2 during the magnetic transfer in step ST108, is investigated.
The same method as step ST107 in Fig. 1 is used, so that the defects in the

surfaces of the magnetic disk 1 are detected optically.

15

25 When defects are found by this step, the procedure returns to step
ST102 where the cleaning of the magnetic transfer master 2 begins, as shown
in Fig. 1. When no defects are found, the magnetic disk 1 is installed in a
hard disk apparatus. _
. By performing the above steps, highly reliable magnetic transfer can
30 be performed. No defects are left on the magnetic disk after magnetic
transfer and signal deterioration is avoided.

This is described below with reference to Fig. 13. The table of Fig. 13
shows the results of measurements in which the number of defects on
magnetic disks were measured using a commercial optical detection method

35 and the results of an investigation into signal errors as well, with respect to
magnetic disks produced according to a variety of magnetic transfer methods,
including the magnetic transfer method of the present invention.



magnetic di sks produced according to a variety of magnetic #panghifr0o04

met hods, including the nagnetic transfer nethod of the present invention.
10 August 2004 19 Sanple nethods 1 to 8 a9 shown on different rows, with
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step ST102 pr eSSI separ.a . : )
or sample methods 6 7, a.nd 8, an optical etectlon using a scattered hght

method was performed before the magnetic transfer, and magnetic transfer
was performed only for magnetic disks for which no defects were detected.

25 The optical detection apparatus and magnetic transfer apparatus were
provided as one device, as shown in Fig. 9 of the present embodiment, with
the magnetic transfer being performed immediately after the optical
detection. In the optical detection, foreign matter was detected on the
surfaces of 5% of the disks processed using sample method 6, 0% of the disks

30 processed using sample method 7, and 0% of the disks processed using
sample method 8.

The experiments were performed with the magnetic transfer master 2
having been subjected to step ST101 (washing the magnetic transfer master
disk) and step ST102 (pressing and separating of the magnetic transfer

35 master disk and a cleaning disk), so that no fine particles of foreign matter or
unwanted protrusions were present on the contact surface 3.
As can be clearly seen from the results for sample method 6, sample



35 master disk and a cl eaning disk), so that no fine particleauglistt@ngi gn
matter or unwanted protrusions were present on the contact surface 3. As
can be clearly seen fromthe results for 28anpl e nethod 6, sanple 10 August
2004 20 method 7, and sanple nethod 8 in Fig. 13, perform ng an optical

detection on magnetic disks imedi ately before magnetic transfer enabl es
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floating hei ght |Wheseasnaal of roghds hsightntasheheash buvishing, ofr thieglike, a
recordi ng deal béfifs ad®sd thesltface bf al Magnetic disk before magnetic transfer is
performed, it becomes easier for foreign matter to gather on the surface of the
25 magnetic disk. When a head scans across the surface of a magnetic disk, the
head is moved to a predetermined position, such as 15nm from the magnetic
disk. At such times, it is impossible to stop the head from coming into
physical contact with the magnetic disk while the head is being stabilized at
the desired distance from the disk. When collisions occur between the head
30 and the magnetic disk, the resulting abrasion damages the surface of the
magnetic disk and fragments of disk end up on the disk surface. This
problem is becoming increasingly serious as the floating height is decreased
to assist in the achievement of higher recording densities. As a result, it is
better not to scan a head above the surface of a magnetic disk before
35 magnetic transfer.

In Fig. 13, sample method 1, sample method 2, sample method 3, and
sample method 6 represent methods where a head scans above the surface of



better not to scan a head above the surface of a nmagnetic diglubedipoes 35
magnetic transfer. In Fig. 13, sanple nethod 1, sanple nethod 2, sanple

met hod 3, and sanple method 6 represent 24et hods where a head scans above
the surface of 10 August 2004 21 a magnetic di sk before magnetic transfer,
whil e sanple nethod 4, sanple nethod 5, sanple nethod 7, and sanple nethod
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With the present embodiment described above, magnetic transfer is

performed after sputtering, tape burnishing, application of lubricant, and a
second tape burnishing, so that the magnetic transfer can be performed with
25  high reliability.

" In the present embodiment, the surface of the magnetic disk is
measured using an optical detection method immediately before magnetic
transfer is performed, and the magnetic transfer is performed immediately
after it has been confirmed that there are no defects in the surface of the

30 magnetic disk. As a result, it is possible to perform highly reliable magnetic
transfer that does not create depressions in the surface of the magnetic disk.
In the present embodiment, head scanning processes such as head
burnishing or a glide height test are not performed before the magnetic
transfer, so that it is possible to perform highly reliable magnetic transfer
35 that does not create depressions in the surface of the magnetic disk.
It should be noted that the joint optical detection in step ST107 and
magnetic transfer in step ST108 is not limited to arranging the equipment for



burni shing or a glide height test are not perforned before tbaugagnebic
transfer, so that it is possible to performhighly reliable nmagnetic
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transfer master 2 of the first enbodinent that is shown in Figs. 2 and 5.
As shown in step ST201 .in Fig. 25 14, the magnetic transfer master 2 is
first wash tional nethod, such as scrubbing. However, when
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ST202 is de@@nsfs*@ombéhwrﬁmm eabedunent.t olhe g@agqeﬁc transfer master used
here has the same configuration as the magnetic transfer master 2 of the first
embodiment that is shown in Figs. 2 and 5. As shown in step ST201 in Fig.
25 14, the magnetic transfer master 2 is first washed using a conventional
method, such as scrubbing. However, when an existing washing method is
used, it has been found that it is not possible to remove minute particles,
whose sizes range from about 20 to 50nm, of foreign matter that remains on
the contact surface 3 of the magnetic transfer master 2. For this reason,
30 step ST202 is performed to remove such minute particles of foreign matter
completely. Step ST202 is similar to step ST102 that was described in the
first embodiment. Step ST202 is described below with reference to Figs. 15
and 16.
Figs. 15 and 16 are cross-sectional drawings showing the apparatus
35 that performs step ST202 and the operation of this apparatus. Fig. 15
shows the apparatus during the separation operation, while Fig. 16 shows the
apparatus during the pressing operation. With the exception of a holding
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t her eby the air in the gap S between the magnetic transfer master 2 and the cleaning
NiP disk 1A is as shown in Fig. 7.
Then, the separation operation shown in Fig. 16 is performed. This
25 operation is very similar to the operation that was described earlier with
reference to Fig. 4. During this separation operation, the air supplying
pump 12 is stopped and the air supplying valve 13 is closed. As a result,
since the suction that held the magnetic transfer master 2 onto the holding
arm 17 is removed, the magnetic transfer master 2 is separated from the
30 holding arm 17. The magnetic transfer master 2 falls due to gravity, so that
the boss 5 engages the center hole of the cleaning NiP disk 1A, thereby
mounting the cleaning NiP disk IA.
After this, the exhaust valve 11 is opened and the suction pump 10 is
operated. The air in the grooves 4 flows through the gap between the center
35 hole of the cleaning NiP disk 1A and the boss 5 and out via the through hole 7,
so that the cleaning NiP disk 1A is pressed onto the magnetic transfer master
2 mainly by atmospheric pressure 15. As a result, foreign matter present on



mounting the cleaning NiP disk 1A, After this, the exhaust valagustRons
opened and the suction punp 10 is operated. The air in the grooves 4 flows
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transfer master 2. .
In step ST202, it is preferable that the cleaning disk is not coated
25 with a lubricant. If, as with a conventional magnetic disk, lubricant is
applied, the ability of the cleaning disk to absorb foreign matter is reduced, so
that it becomes more difficult for foreign matter to adhere to the cleaning disk.
By using a cleaning NiP disk onto which lubricant has not been applied, it
can be ensured that foreign matter present on the magnetic transfer master
30 will adhere to the cleaning disk.
As mentioned earlier, it is preferable that the cleaning NiP disk 1A is
softer than the magnetic transfer master 2. If the surface hardness of the
cleaning NiP disk 1A is higher than that of the magnetic transfer master 2,
the following problem occurs. When foreign matter that is harder than the
35 magnetic transfer master 2 but softer than the cleaning NiP disk 1A is
present between the cleaning NiP disk 1A and the magnetic transfer master 2,
such foreign matter does not sink into the surface of the cleaning NiP disk 1A
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use a disk that is larger than the magnetic disk 1 as the cleaning NiP disk 1A.
25 However, in practice there are cases where the cleaning NiP disk 1A and the
magnetic disk 1 are manufactured by the same manufacturing apparatus.
In such cases, both disks are the same size, so that the following method is
used to make the region Sa larger than the region Sb. The cleaning NiP disk
1A is placed off-center on the support 6 in Fig. 15, and is rotated every time
30 one cycle of the pressing and separating operations is performed. As a result,
the position of the cleaning NiP disk 1A relative to the magnetic transfer
master 2 progressively changes, so that the suction and pumping are applied
to an area wider than region Sb. :
Following step ST202 in Fig. 14, an investigation is performed to
35 detect whether any foreign matter is adhering to surface 3 of the magnetic
transfer master 2. Here, it is extremely difficult to directly detect foreign
matter adhering to the surface 3 of the magnetic transfer master 2. This is



30 one cycle of the pressing and separating operations is pepfagogdoods a
result, the position of the cleaning NNP disk 1A relative to the nagnetic
transfer master 2 progressively changes26so that the suction and punping
are applied to an area wider than region Sh. Follow ng step ST202 in Fig.
14, an investigation is performed to 35 detect whether any foreign matter
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the detection NiP disk 1B.
Next, in step ST204, an optical investigation is performed for the
25 surface of the detection NiP disk 1B that was pressed against the magnetic

transfer master 2. This optical investigation can be conducted by using the
. Doppler effect to measure the profile of the disk, that is, the defects, to see
whether there are any defects with a depth that is equal to or greater than a
predetermined depth.
30 The recesses and protrusions in the surface of the magnetic transfer
master 2 have been transferred onto the detection NiP disk 1B, whose surface
" is flush and that does not include grooves like the magnetic transfer master 2.
As a result, the scattering of light does not occur during optical measurement,
so that the investigation can be performed properly. By performing this
35 investigation, the magnetic transfer master 2 can be investigated indirectly.
When no defects with a depth equal to or greater than the
- predetermined depth are found in the investigation in step ST204, it is
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th the nunber of defects

Isﬁp?[]gt ggr 1]:15;198' OrG‘F%PHE’ teti‘;t‘fcﬁshg fs’fpeoré gﬂﬁisi{ltfé‘?’%md%%‘lﬂged after each cycle.
The relati onshi p Figeti¥edn a geaphnddemwing tHemésdldwiagpdassi nBirepeant épticabas
perf or med ai?lgeéﬁgatmn was performed for a number of cleaning NiP disks 1A and the
disks were classified into disks on whose surfaces foreign matter was found
and disks on whose surfaces no foreign matter was found. Next, each
cleaning NiP disk 1A was repeatedly pressed against and separated from a
25 magnetic transfer master 2, with the number of defects in the surface of the
cleaning NiP disk 1A being counted after each cycle. The relationship
between the number of times the pressing operation was performed and the
number of defects in the surface of each cleaning NiP disk 1A is shown in the
graph in Fig. 17. In Fig. 17, the black triangles show data for disks that
30  were found to have foreign matter on their surfaces, while the black squares
show disks that were found to have no foreign matter on their surfaces.

In the above experiment, after the cleaning NiP disk 1A and the
magnetic transfer master 2 were pressed together and separated once, an
optical investigation was performed for the surface of the cleaning NiP disk

'35 1A, and the number of defects in the surface was counted. This
measurement was made using a disk tester 4218 made by THOT. The
number of defects found at this point was faken as an initial value. Since



nunber of defects in the surface of each cleaning N P di sk 18aAugustrooa in.
the graph in Fig. 17. In Fig. 17, the black triangles show data for disks
.that 30 were found to have foreign mattemrpgon their surfaces, while the

bl ack squares show disks that were found to have no foreign matter on
their surfaces. In the above experinent, after the cleaning NP disk 1A and
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results shown in Figm {ife rb§m€§@he%r§@ﬁw1ghai7 V\ﬁe&a@ bet lseaR| tHatNvBefl! 8k 1A
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one thousan I mes er ~Of s on’
transfer nadisk withoforeigy. mpattenhiis nsed,opzesping @&l@am&@ngwm%@ be

performed fﬁéri&f}ﬁedmﬁ@?foh% tHo'h@&ﬁ&l RImBBLS Gedéed $hERMuABI2of BofslG: o&‘l;hecan
be performed eff CI ent | nvestigation is first performed fo

cl eani ng N P& fé‘hﬂf‘s T HJONi P di sks that do not have fore| gn
matter 2re used f'Bh;st e tol say)i tig: cldwming apmmes perfoetiddgdérd ahei magaetior ned,

'S pressed BabSR ARy & Mren PrAGE G OMDLE Scklmcd B Ff%g' From
the start, megtgaumtls &irstf performed for cleaning NiP chsks and only cleaning N
disks that do not have foreign matter are used for the cleaning.

The reason an investigation is performed, as shown by step ST206, for
25 the detection NiP disk 1B before the disk is pressed onto the magnetic
transfer master 2 is that this prevents, from the start, foreign matter from
adhering to the magnetic transfer master 2 due to contact with the detection
NiP disk 1B.
The following describes a method for manufacturing and conditioning
30 the magnetic disk 1. First, a magnetic layer is formed on the surface of a
substrate using a conventional method. As one example, this magnetic layer
can be formed by performing a dry plating method, such as vapor deposition
or sputtering, on an aluminum substrate. Conventionally, this magnetic
layer is protected by forming a protective layer on top of the magnetic layer
35 using dip coating, spin coating, or a dry plating method, such as vapor
deposition or sputtering. .
Next, a lubricant layer is formed using a conventional method. This



adhering to the magnetic transfer master 2 due to contact wiphubtg 2004
detection N P disk 1B. The follow ng describes a nethod for manufacturing
and conditioning 30 the magnetic disk lagFirst, a magnetic layer is forned
on the surface of a substrate using a conventional nethod. As one exanple,
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separating the magnetic disk 1 and the magnetic transfer master 2 is as
shown in Fig. 10. The relationship between the passage of time and the air
pressure of the air in the gap S between the magnetic transfer master 2 and

25 the magnetic disk 1 during this operation is as shown in Fig. 7.

The pressing operation is achieved using suction and is performed as
shown in Fig. 11. During this operation, the air supplying pump 12 1s
stopped and the air supplying valve 13 is closed. As a result, the holding
arm 14 to which the magnetic transfer master 2 is attached moves downward

30 due to its own weight, and the boss 5 engages the center hole of the magnetic

disk 1, thereby mounting the magnetic disk 1. After this, the exhaust valve

11 is opened and the suction pump 10 is operated. = As a result, air flows

through the through hole 7 downwards, which is to say, in the direction

shown by the arrow C in Fig. 11. The air in the grooves 4, which is to say

35 the air in the gap S, also flows through a gap between the center hole of the
magnetic disk 1 and the boss 5.

As a result, the entire surfaces of the magnetic disk 1 and the



The pressing operation is achi eved using suction and is per florgdste®04shown
in Fig. 11. During this operation, the air supplying punp 12 is stopped
and the air supplying valve 13 is closedggAs a result, the holding arm 14
to which the magnetic transfer master 2 is attached noves downward 30 due
to its own weight, and the boss 5 engages the center hole of the nagnetic
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i s judged tYBBUERG e A0S PERATIRE Yo EuPRPATAPE PREV PGP St'8p ST202 in Fig.
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procedure r;ﬁfd‘ﬂgg&%o 2 nsotrgipal,sz:lrr%&) %hg@oﬂo%ihg%t% gi‘aw,giscl))ferformed.

In step ST210, the presence of defects on the surface of the magnetic
disk 1 is investigated using an optical detection method. When defects are
found by this step, the procedure returns to step ST202 where the cleaning of

25 the magnetic transfer master 2 begins, as shown in Fig. 14. When no defects
are found, the magnetic disk 1 is installed in a hard disk apparatus.

As described above, while magnetic transfer is being repeatedly
performed, it is judged whether foreign matter is adhering to the magnetic
transfer master 2 using the fo].lowing method. An investigation is performed

30 to detect defects in the surface of the magnetic disk 1 after the magnetic disk
1 has been subjected to magnetic transfer, the magnetic transfer master 2 is
cleaned when defects are found, and then another investigation is performed.
By doing so, the foreign matter on the magnetic transfer master 2 can be
quickly and easily detected, and removed.. This makes highly reliable

35 magnetic transfer possible.

‘ With the present embodiment, a disk whose surface has been
subjected to optical detection to confirm that it does not have foreign matter



25 the magnetic transfer master 2 begins, as shown in Fig. 14Audb&rroog
defects are found, the magnetic disk 1 is installed in a hard disk
apparatus. As described above, while nagngtic transfer is being repeatedly
performed, it is judged whether foreign matter is adhering to the nagnetic
transfer master 2 using the follow ng nethod. An i nvestigation is perforned
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i nvention achieves a highly reliable magnetic transfer nethod that does

not create mnute protrusions on a nagnetic disk when transferring a
magnet 20 paANBUSTRIAIAPPAJICAPBIITIN i nf ormati on signal onto the magnetic

di sk using a magngfd Brége%@sﬁ%én%ﬁtféhi&e%ka Hidfily DYEDDIMaBhdBe transfer

method that does not create minute protrusions on a magnetic disk when

transferring a magnetic pattern corresponding to an information signal onto
the magnetic disk using a magnetic transfer master disk. The invention also

25 achieves a magnetic transfer method where a magnetic transfer master disk
is efficiently and reliably cleaned, making the cond1t1onmg process highly
efficient.



25 achieves a magnetic transfer nethod where a magnetic trangfapustesber
disk is efficiently and reliably cleaned, neking the conditioning process
highly efficient. 10 August 2004 32 CLAIMS 1. A nethod of nmanufacturing a
master information recorded nmagnetic disk, conprising: a first step of
preparing a magnetic disk; a second sté@ of formng a |ayer of lubricant on
the magnetic disk; a third step of bringing the magnetic disk into cl ose
contact with a nagnetic transfer H@EMN#@Vi ng a magnetic filmforned on
at | east one side and nmagnetically transterring a pattern of the magnetic
filmon the magnetic transfer master onto the magnetic di sk through

appl i cation of anAexkgiodedf maRGARNNGnE aehdsteR ttfoPmhabh irBedided Maghstiani shi ng
at least a,surface .of the magnetic disk that comes into contact W|th t he
magnet i c t‘ihéﬁs?‘empﬁﬁg’tger wherein the first step, the fourth step, the
second step, the iﬁmsttsmep of prepazing 4 hmghbticdisk;ep are performed in the
stated order. 2. nuf | ter recorded
magneti ¢ di sk accordc {{gg o?ffo m1e WEO?%ﬁlm O%Ithb%%d@%du&g applied
by a |apping mat@t lad s&mc fomelgmi&m magiictik digk antueloise ivongpgirsidbss i n
the fourt % h@ﬂi’c I@Pa!’nfs%rrfﬁgstéf hﬁ{fmtgha? nﬁég”n%hcsﬁﬁﬂ fbﬁnEﬂQﬁ'Pét fda8NoRe siippunt of

pressure ap burni.s |n Process for med ?Ht er the second st ep.

3. A net ho%Fl mWUFﬁ Y (AT I'&mggpspg\?teqrh@% maeﬁerle FHew thedR_ERTIC di sk,

conpri si ngtraﬂiefeﬁtrﬂ@ﬁepfontcbrthegnagnalmﬁsie&m@hs a?plﬁrtamdﬂ ofearcentaphl with a
magneti c transf 9&? @r having a magnetic filmTformed on at | east one

si de; magn@? erring a pattern of the magnetic filmon the
magnetic transf era fastthrsteptod buraishing et ileasdi s kutthco odthappegoetic diskof an

ext er nal f'%fn%sfmﬁ)lébrft?ﬁt\bﬁh'mgﬁ'?%n%n& f&'m g@tﬁt er and the magnetic

disk 1in close cont opt] y detecting defects in

the surface of thwheegindhe et skep, thﬁef%rrth siep, thgyseeonrd stemstherfosedy i s

perforned itappsicddirl thirdl $t€p arepafofibdéh the $thRdaidegal | y detecting step
t hat one of a nunber of def ects on the surface of the magnetic disk and a

size of the defects on the surface of the nmagnetic disk is not greater
than a pre2leterniThe nmthed &0 Magufdict®tfd a master information recorded

magnetic disk according to claim 1, wherein an amount of pressure applied by
a lapping material onto the magnetic disk in a burnishing process in the fourth
step performed after the first step is higher than an amount of pressure applied
in a burnishing process performed after the second step.

3. A method of manufacturing a master information recorded magnetic
disk, comprising the steps of:

bringing a magnetic disk into close contact with a magnetic transfer
master having a magnetic film formed on at least one side;

magnetically transferring a pattern of the magnetic film on the
magnetic transfer master onto the magnetic disk through application of an
external magnetic field to the magnetic transfer master and the magnetic disk
in close contact with one another; and

optically detecting defects in the surface of the magnetic disk,

wherein the magnetic transfer step is performed immediately after
confirming in the optically detecting step that one of a number of defects on
the surface of the magnetic disk and a size of the defects on the surface of the
magnetic disk is not greater than a predetermined value.



33 4. An apparatus for manufacturing a nmaster infornmation regaugest 2004
magneti c di sk, conprising: contacting nmeans for bringing a magnetic di sk
into close contact wth a magnetic transfer master having a magnetic film
formed on at | east one side; transfer nmeans for magnetically transferring
a pattern of the magnetic filmon the3Bmgnetic transfer nmaster onto the
magnetic di sk through application of an external magnetic field to t he

magneti c djsk and e

anot her; a‘!r;ld def eAEBgQﬁ .Sngﬁﬁqu%@ﬁ?% g.ln ﬁgtgfe]tﬁ&?ﬁ%%é% ¢ on a
surface ofmagnetmd@kecompmsmg wherein the contacting nmeans and magnetlc
transfer neans p %T?ﬁlé%{s t ﬁl’ﬁ%ﬂ e
detecting neans ﬁ(g;slﬂ%% R Bﬂﬁ% o?‘ ¢ Qilm? fcﬁggs? %%ﬁtﬁﬁfé
surface of Wi W‘é‘ﬁﬁ@’{lﬁ’ Eraﬂﬁ “&q’?@er %W@galﬁﬁg@ﬂéc rPnc Mleashangce of
t he rragnetgldedl sk is not greater t han a predeterm ned value. 5. A nethod
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transfer I cation xt er nal
magneti c f'ﬁl"é!llflfelf masteé mﬁ@wtqqmwamh@nemgt and the nagnetic disk in

cl ose contact W tfefeped@s fneaﬁ@‘foﬁi@f)ﬁﬁll)“ﬁeﬁ@flﬁgt@féd"ts bhe smgnet 6£ di sk
by scanni %@t he mgfg:n&]ék di s wth a detection head that floats a

pr edet er m W&dnag above the surface of the magnetic di sk, wherein the
detecting step i swhefeﬁlq)mhn@donfabangtmeaﬂmg@hiagﬁelmrtsémfelsn‘@lans (I‘z)erfﬁlnm met hod
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wherein the stf fs perfornmed after e third step. “10 August 2004 34
predetermme valu

5. A method of manufacturing a master information recorded magnetic
disk, comprising the steps of:

bringing a magnetic disk into close contact with a magnetic transfer
master having a magnetic film formed on at least one side;

magnetically transferring a pattern of the magnetic film on the
magnetic transfer master onto the magnetic disk through application of an
external magnetic field to the magnetic transfer master and the magnetic disk
in close contact with one another; and

detecting defects in the magnetic disk by scanning the magnetic disk
with a detection head that floats a predetermined distance above the surface
of the magnetic disk,

wherein the detecting step is performed after the magnetic transfer
step.

6. The method of manufacturing a master information recorded
magnetic disk according to claim 1, further comprising a fifth step of
detecting defects in the magnetic disk by scanning the magnetic disk with a
detection head that floats a predetermined distance above the surface of the
magnetic disk,

wherein the fifth step is performed after the third step.



7. The method of manufacturing a master information recordedpAnggsenos di sk
according to claim®6, wherein an anount of pressure applied by a |apping
material onto the magnetic disk in a burnishing process in the fourth step
perfornmed after the first step is higher than an anount of pressure applied
in a burnishing process performed afteB4the second step. 8. A nethod of
manuf acturing a master information recorded magnetic di sk conprising
bringing a magnetic disk into close contact with a nagnetic transfer
master having a nmagnetic f|In1forneg on . at | east one §|de and
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9. A method of manufacturing a master information recorded magnetic
disk comprising bringing a magnetic disk into close contact with a magnetic
transfer master having a magnetic film formed on at least one side, and
transferring magnetically a pattern of the magnetic film on the magnetic
transfer master onto the magnetic disk through application of an external
magnetic field, the method including a defect detecting step for detecting
defects in a disk, wherein

after a cleaning disk has been brought into close contact and
separated from the magnetic transfer master a predetermined number of
times, the magnetic transfer master is brought into close contact with a
detection disk, the detection disk having been subjected to the defect
detecting step to confirm, for a surface of the detection disk that comes into
contact with the magnetic transfer master, that one of a number of defects and
a size of the defects is not greater than a predetermined value, and



val ue, the magnetic disk and the magnetic transfer naster are Augast@do4i nt o
cl ose contact and magnetic transfer is perfornmed. 10. A nethod of

manuf acturing a master information recorded nagnetic disk conprising
bringing a magnetic disk into close contact with a nmagnetic transfer
master having a magnetic filmforned od5at | east one side, and
transferring magnetically a pattern of the magnetic filmon the magnetic
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magnetic transfer master is then brought into close contact with a
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are br Oughﬁefeets%ézhﬁﬁew(fl%?&ﬁm and magnetic transfer is performed. 11. A
met hod of nmanufacturinyg a naster information recorded nagnetic disk

conprising bringi W magngtiet trengfeskmagtes & bseughindnier olgsen cantaggnmand ¢
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def ects |s equal ater an, a det erm ne
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detectmg step to confirm, for a surface of the detection disk that comes into
contact with the magnetic transfer master, that one of a number of defects and
a size of the defects is not greater than a predetermined value, and

the detection disk is then subjected to the defect detecting step and
when the defect detecting step confirms that that one of a number of defects
on a surface and a size of the defects is not greater than a predetermined
value, the magnetic disk and the magnetic transfer master are brought into
close contact and magnetic transfer is performed.

11. A method of manufacturing a master information recorded magnetic
disk comprising bringing a magnetic disk into close contact with a magnetic
transfer master having a magnetic film formed on at least one side, and
transferring magnetically a pattern of the magnetic film on the magnetic
transfer master onto the magnetic disk through application of an external
magnetic field, the method including a defect detecting step for detecting
defects in a disk, wherein



magnetic transfer master is brought into close contact w th1ardgestPanat ed
froma cleaning disk a predeterm ned nunber of tinmes. 12. The net hod of
manuf acturing a master information recorded nmagnetic disk according to any
of claims 8 to 11, wherein the magnetic transfer master and cl eani ng di sk
are brought into close contact by evacdating a gas between the nmagnetic
transfer master and cl eaning disk and the nmagnetic transfer mast er and

cl eani ng di sk are,s @@a%@éfﬂﬁg ﬁﬁgﬁgﬁ dild &ﬂﬁldeﬁ»% SferRangts C
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magnetic transfer master and the cleaning disk includes a region where
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The nmet hod of nmanufacturi ng a master information recorded magnetic disk
according 13 cl al’lThé7me)ﬂi'@d ebﬂ ﬁﬁguﬂdcmmﬁ hah@asté}ainfmmidrp recorded

characteristics,. ctu ster i,nfaormation
Fecor ded Taghets i AECaREBEANGNY CRRAES Bl B s SO BoBIERd he
surface oftramsfer magteetis harﬂeslthmtlmﬂmagne“eddisk ambthd:edlemImgehsictlon process
before magnetic transfer is perfornmed, and i mediately after confirmng

t hat one of a nunmber of defects and a size of defects is not greater than
a predet erifned vhheemethed ehgmenutacivgngi 8 prasiehtinfermatitmsecerdadact

with the npgBREHE diskeatofdingadily of claims 8 to 11, wherein the cleaning disk is
softer than the magnetic disk.

15. The method of manufacturing a master information recorded
magnetic disk according to any of claims 8 to 11, wherein a region where
there is contact between the magnetic transfer master and the cleaning disk
includes a region where magnetic transfer is performed from the magnetic
transfer master to the magnetic disk.

16. The method of manufacturing a master information recorded
magnetic disk according to any of claims 8 to 11, wherein in the process that
the magnetic transfer master disk is brought into close contact and separated
from the cleaning disk, the cleaning disk having no lubricant applied is used
so as to remove foreign matter from the magnetic transfer master.

17. The method of manufacturing a master information recorded
magnetic disk according to any of claims 8 to 11, wherein the cleaning disk
has a plating layer on its surface,



and nmagnetic transfer is perforned. 20. An apparatus for man0faghsi200g a
master information recorded magnetic disk by magnetically transferring an
arrangenment pattern corresponding to predeterm ned information signals
conposed of a magnetic filmforned on a magnetic transfer nmaster onto a
magnetic disk as a nagnetized pattern3df the information signals,
conprising: pressing neans for bringing the magnetic transfer nmaster and
the magnetic disk into close contact with each other; separating neans for
separating,the magnetic transfer master ,and the nagnetic disk from each

ot her whi ch®have bbenmsitae@ghef | maguacsaEdng oat mstewm&%@mrbm@mded

control i nﬁl&?ﬁéﬂé disk a@éﬁ?ﬁh‘% td ijlhhﬁ,p&ﬁ/ﬁéﬁhﬁl@h@?m&lglﬂire& has AgPadtad i ng
nmeans So aﬁ@r%gr&ﬁgﬁat a predeterm ned nunber of times an operation of

bringing t f% transfer master and the magnetic disk into close
contact with and separated from each other; magnetic field applying nmeans
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ot her whi cindhmagnbtietramsfarghperformed! ose contact with each other; magnetic
field applying neans for applying an external magnetic field; and defect

detecting neans for detecting defects on_ a surface of a disk, wherejn
after a sut®ace of\llaappaahingoli BRupiActHiRg ca cpapipr  dogapeen regerdad i ng

geans and ﬁl'&%néﬁé e(éﬁsléjeb?ﬁﬂn@gnéﬁédl%{ hﬁ%pﬁb?ﬁh%”% t aﬁfangaﬁeﬁf pattegrber of
efects on the surface of the mgaetﬁﬁvgl sk an B Size O tEe defects on
the surf acBBFSHORING i Bredeterniint dnmafioiigpals camBosidob AdPRERIF val ue,
the cl eanifimdicikneds dir cughdgretico fransfer awasterc ondmda sapgnetieditk oas a
magnetized pattern of the information signals, comprising:
' pressing means for bringing the magnetic transfer master and the
magnetic disk into close contact with each other;
separating means for separating the magnetic transfer master and the
magnetic disk from each other which have been brought into close contact
with each other;
controlling means for controlling the pressing means and the
separating means so as to repeat a predetermined number of times an
operation of bringing the magnetic transfer master and the magnetic disk into
close contact with and separated from each other;
magnetic field applying means for applying an external magnetic
field; and
defect detecting means for detecting defects on a surface of the
magnetic disk.

21. A magnetic transfer apparatus for magnetically transferring an
arrangement pattern corresponding to predetermined information signals
composed of a magnetic film formed on a magnetic transfer master onto a
magnetic disk as a magnetized pattern of the information signals, comprising:



the magnetic transfer master a predeterm ned nunber of tinespAubastrragaetic
transfer master is brought into close contact wwth the nagnetic disk by
the pressing neans, and the external magnetic field is applied by the
magnetic field applying neans, so that the pattern corresponding to the
information signals is magnetically tB8&nsferred onto the nmagnetic disk as
a magneti zed pattern.

pressing means for bringing the magnetic transfer master and the
magnetic disk into close contact with each other;

separating means for separating the magnetic transfer master and the
magnetic disk from each other which have been brought into close contact
with each other;

magnetic field applying means for applying an external magnetic
field; and

defect detecting means for detecting defects on a surface of a disk,

wherein after a surface of a cleaning disk is inspected by the defect
detecting means and the defect detecting means has confirmed that one of a
number of defects on the surface of the magnetic disk and a size of the defects
on the surface of the magnetic disk is not greater than a predetermined value,

the cleaning disk is brought into close contact and separated from
the magnetic transfer master a predetermined number of times,

the magnetic fransfer master is brought into close contact with the
magnetic disk by the pressing means, and

the external magnetic field is applied by the magnetic field applying
means, so that the pattern corresponding to the information signals is
magnetically transferred onto the magnetic disk as a magnetized pattern.



