[Title of Docunent] Specification [Title of Invention] METHOD OF PRODUCI NG
PERPENDI CULAR MAGNETI C RECORDI NG DI SK [ Technical Field] 5 [0001] This

i nvention relates to a nmethod of producing a perpendi cular magnetic
recordi ng disk. [Background of the Invention] [0002] Data processors for
recordi ng and reproduci ng data such as characters, 10 images and sounds
are coming to be installed not only in conputers but also in apparatus
such as tel evisions, caneras and tel ephones. Such data processors are now
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per pendi ¢y A 10 e surface of the substrate and a non-negnetic
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[0004] As disclosed in Publication 1 and Publication 2, perpendicular
20 magnetic recording disks are now under consideration as a magnetic
recording medium. Such disks are produced by sequentially forming a soft
magnetic layer with high magnetic permeability, a perpendicular recording
layer and a protective layer on the surface of an aluminum substrate with
Ni-P plating or of a glass substrate (hereinafter summarily referred to as a
25 substrate) by using a thin film technology such as sputtering. The
perpendicular recording layer comprises an assembly of columnar crystalline
elements having a segregated structure by composition separation of a
magnetic layer material deposited on the surface of a high-temperature
substrate, and each crystalline element is comprised of a ferromagnetic
30 columnar center part extending in a direction perpendicular to the surface of
the substrate and a non-magnetic surrounding part formed around this
center part. These columnar crystalline elements form the recording bits
that are magnetizable in the direction perpendicular to the surface of the
substrate.
35
[0005] Because a perpendicular magnetic layer is thus formed with columnar
crystalline elements extending perpendicularly to the surface of the
substrate, the surface of a perpendicular magnetic recording disk is
particularly required to be smooth such that the average surface roughness
40 will be 2.0A or less and to be flat such that the surface height variations will
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crystalline elenments extending perpendicularly to the surface of the
substrate, the surface of a perpendicul ar magnetic recording disk is
particularly required to be snooth such that the average surface roughness
40 will be 2.0A or less and to be flat such that the surface height
variations will 1 be |A or less with wavel engths in the range of

0.05mMm 0.5mm in both radial and circunferential directions. In general,
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i ncregsed di stance of separation between the surface of the magnetic disk
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reproduction both depend largely on the distance of separation between the
surface of the magnetic disk (perpendicular magnetic recording disk) and the
magnetic head. Since data are recorded by outputting a magnetic signal

25 from the magnetic head to form small magnets on the magnetic layer
(perpendicular magnetic layer) and reproduced by reading the magnetic
signals from these small magnets by means of the magnetic head, an
increased distance of separation between the surface of the magnetic disk
and the magnetic head means that the magnetic signals outputted from the

30 magnetic head are dispersed more such that the quantity of recording per
unit area (the recording density or recording capacity) is reduced. Thus, in
order to increase the capacity of data recording and to improve the accuracy
of reproduction, the distance of separation between the surface of the
magnetic disk and the magnetic head must be made smaller. Moreover, the

35 magnetic disk can be made smaller if the recording quantity per unit area is
increased. For this reason, the distance of separation between the surface of
the magnetic disk and the magnetic head is now required to be 15nm or less.

[Publication 1] http//www.trl.ibm.com/projects/fperpen/ ("Perpendicular
40 Magnetic Recording”, IBM Tokyo Research Laboratory)
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30 magnetic head are dispersed nore such that the quantity of recordi ng per
unit area (the recording density or recording capacity) is reduced. Thus,
in order to increase the capacity of data recording and to inprove the
accuracy of reproduction, the distance of separation between the surface
of the magnetic disk and the magnetic head nust be nade smaller. Moreover,
t he 35 magnetic disk can be nade snmaller if the recording quantity per unit
area is increased. For this reason, the distance of separation between the
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[0008] By the lapping plate {free particle) polishing method, furthermore, it
is difficult to polish the surface of a soft magnetic layer at a high level of
precision, and since the substrate is washed after it is removed from the
lapping plates, it takes time until the washing can be started and the soft

25 magnetic layer comprising a metallic film with low resistance against
corrosion becomes corroded.

[0009] It is therefore an object of this invention to provide a method of
producing a perpendicular magnetic recording disk with a flat and smooth
30 surface.

[Means for solving the Problem(s)]
[0010] This invention is a method for producing a perpendicular magnetic
recording disk.
35
[0011] According to this invention, a perpendicular magnetic recording disk
is produced by polishing to make smooth both surfaces of a disk-shaped
substrate and sequentially forming a soft magnetic layer, a perpendicular
recording layer and a protective layer on each of the polished substrate
40 surfaces.



corrosion becones corroded. [0009] It is therefore an object of this

I nvention to provide a nethod of producing a perpendi cul ar nmagnetic
recording disk with a flat and snmooth. 30 surface. [Means for solving the
Probl em(s)] [0010] This invention is a method for producing a perpendicul ar
magnetic recording disk. 35 [0011] According to this invention, a
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soft magnetic |ayer, a perpendicular recording |ayer and a protective
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20  [0015]In order to achieve the aforementioned object of this invention, the
surfaces of the soft magnetic layers are polished and made smoother such
that protrusions formed on them by abnormal growth and debris particles
attached to them can be removed, and the perpendicular recording layers are
formed on these smoothed surfaces of the soft magnetic layers either directly

25 or with an intermediate layer in between.

[0016] Each of these layers is formed by a known thin film technology such as
sputtering and plating,

30 [0017]1 The soft magnetic layers formed on both surfaces of the substrate are
polished by a so-called fixed particle polishing method.

[0018] The fixed particle polishing method comprises the steps of rotating the

substrate and pressing a polishing tape onto each of the surfaces of the soft
35 magnetic layers. Each polishing tape is pressed onto the surface of a soft

magnetic layer through a pad or a roller. Compressed air may be blown to

the back surface of the polishing tape. Each pad is moved reciprocatingly in

a radial direction of the substrate. The polishing tapes may be supplied

continuously in the radial direction of the substrate or may be kept in a
40  stationary condition.



25 or wwth an internediate |ayer in between. [0016] Each of these l|ayers is
formed by a known thin filmtechnol ogy such as sputtering and plating. 30
[0017] The soft magnetic |layers forned on both surfaces of the substrate
are polished by a so-called fixed particle polishing nethod. [0018] The
fixed particle polishing method conprises the steps of rotating the
substrate and pressing a polishing tape onto each of the surfaces of the
soft 35 magnetic layers. Each polishing tape is pressed onto the surface
of a soft nagnetic | ayer through a pad or aroller. Conpressed air may be
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[ 0022] B)thasweﬁah@cb etshf@magn@mlm’ﬁmthe surfaces of the soft magnetlc
| ayers are nmade snoot her and hence the protrusions forned thereon by

abnor mal [Effet(s) of the Invention]

[0021] This invention conducts the following effects.

20
[0022] By a method of this invention, the surfaces of the soft magnetic layers
are made smoother and hence the protrusions formed thereon by abnormal
growth and debris particles that came to be attached can be removed such
that a perpendicular magnetic recording disk with smooth and flat surfaces

25  can be produced.

[0023] The soft magnetic layers do not become rusty because they are
metallic alloy layers.

30 [Best Mode for carrying out the Invention]
[0024] This invention relates to a method of producing a perpendicular
magnetic recording disk.

[0025] Figs. 1A and 1B each show a perpendicular magnetic recording disk

35 10, produced by polishing both surfaces of a disk-shaped substrate 11 and
sequentially forming thereon a soft magnetic layer 13, a perpendicular
recording layer 15 and a protective layer 16.

[0026] An aluminum substrate with its surfaces treated with alumite or
40  subjected to Ni-P plating or a glass substrate is used as the substrate 11.
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grow h and debris particles that cane to be attached can be renpved such
that a perpendi cul ar magnetic recording disk with snmooth and flat surfaces
25 can be produced. [0023] The soft magnetic |ayers do not becone rusty
because they are netallic alloy layers. 30 [Best Mdde for carrying out the
I nvention] [0024] This invention relates to a nethod of producing a
perpendi cul ar nagnetic recordi ng di sk. [0025] Figs. 1A and 1B each show a
per pendi cul ar magnetic recording disk 35 10, produced by polishing both
surfaces of a di sk-shaped substrate 11 and sequentially forning t hereon a
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20 dried.

[0030] The soft magnetié layer 13 may be directly formed by a known thin-
film technology such as sputtering or plating on both surfaces of the
substrate 11 as shown in Fig. 1A. Alternatively, a foundation layer 12 may

25  be formed on each surface of the substrate 11 and the soft magnetic layer 13
may be formed on the surface of each foundation layer 12 as shown in Fig.
1B. The foundation layer 12 is made of a material selected from the group
consisting of Ti, Cr and their alloys and is formed for the purpose of making
up for the topological unevenness on both surfaces of the polished substrate

30 11. In order to eliminate the spike noise from the soft magnetic layer 13 to
be formed thereon, a pinning layer made of a material such as Co-Sm and
Co-Pt may be formed on both surfaces of the substrate 11 as the foundation
layer 12.

35 [0031] The soft magnetic layer 13 is made of a material with high magnetic
permeability, comprising at least one material selected from Fe, Co and Ni
and an amorphous alloy, such as Co-Nb-Zr, Co-Ta-Zr, Co-Ti-Si, Co-Mo-Zr,
Fe-Co-P, Ni-P, Fe-Ni-P, Fe-B and Fe-Si, containing at least one material
selected from the group consisting of Nb, Zr, Cr, Ta, Mo, Ti, B, C, P and Si.

40  The soft magnetic layer 13 may also be made of an alloy, such as Ni-Fe, Fe-
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filmtechnol ogy such as sputtering or plating on both surfaces of the
substrate 11 as shown in Fig. 1A Alternatively, a foundation |ayer 12 may’
25 be forned on each surface of the substrate 11 and the soft nmagnetic

| ayer 13 may be forned on the surface of each foundation |layer 12 as shown
in Fig. 1B. The foundation |layer 12 is nade of a material selected from
the group consisting of Ti, C and their alloys and is forned for the
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record' g, Wt d &)5 g}%%’dl?r?e e‘?éxHEﬁt %n%&%l §l#a)f fsC?OIOft ﬂpdﬂi‘}o% Tgpdi at e

| ayer such as

nown oI 0
sput teri ﬁgﬁ%ﬁ&l ?la LB eleaiftite dBSBE %h?epgmendln& hapsards gévyefs as
shown in 15 gn tilB dmh@tmmmrrn@milaublrl toy éhe 1shrfadesof th@fselbﬁ@@te ollasné
crystaml | icamprisaenimaerial séleb@detrdm Sof@y, CHBL,pO602E, @o-Ni and Co-O.
The thickness of the perpendicular recording layer 15 is within the range of

10nm-100nm.

{0034] The protective layer 16 is formed directly on the surface of the
25 perpendicular recording layer 15 by a known thin-film technology such as
sputtering and plating, as shown in Figs. 1A and 1B. The protective layer 16
is a diamond-like carbon film. Its surface is subjected to a cleaning process
and processed with a lubricant such that a perpendicular magnetic recording
disk 10 according to this invention is produced.
30
[0035] The surface of the soft magnetic layer 13 formed on each surface of the
substrate 11 is polished to be smooth by a fixed particle polishing method.

[0036] This fixed particle polishing method is carried out by rotating the
35 substrate 11 and pressing a polishing tape onto the surface of the soft
magnetic layer 13 on each surface of the substrate 11. The polishing tape is
pressed onto the surface of each soft magnetic layer 13 through a pad or a
roller while compressed air is blown onto the back surface of the polishing
tape.
40



orienting the crystalline elenments inside the perpendicul ar recording | ayer
15 in the direction perpendicular to the surface of the substrate 11 and 20
conprises a material selected fromCo-Cr, Co-Pt, Co-Cr-Pt, Co-N and Co-O
The thickness of the perpendicular recording layer 15 is within the range
of  10nm 100nm [0034] The protective layer 16 is formed directly on the
surface of the 25 perpendicular recording |ayer 15 by a known thin-film
technol ogy such as sputtering and plating, as shown in Figs. 1A and 1B.
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per pendi Fﬁpgﬁj%ﬁ@grgé Eéiﬁo‘sd‘iné‘g 11’(5’? ‘menﬁsegof‘{rh?hsisimﬁﬁ-on i s
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pol i sher ocidepinindle 21 tpratdteit? tadsing polisbhignpen£6 Shosnhgtlerokén a

pol i shi( ndiresido %ge@bnﬁ;hbixﬁxfhibﬁiﬁgﬁé sz?sugiia@ﬁgg @geié?tﬁ% m&m(ir%ﬁ) Prekd and a
means n‘%he?%n 4 cfsaﬁ'ﬁ'tﬂgo Fll?é) 5 ﬂ‘ga 3 0 tﬁe;é'i'l Ee{c%Q of the

reci procat moti1.on Jn the radia I rec n (sho by ‘doubl’e_ headed arrow
X) of th@?g‘u%”é‘?g’é‘t?téc jf'ysmi J8d kg })Pg*é SPriAgrS: 1.tmhéubaﬁra§% kb RBAd 22 has
a pdtr cimalianeosslyr eairierl the pelishingposid &2etr ndetey 2 hevipmgatingber - pads
24 fast enetort in tiherddipbdiabetidiestlay sthstiité A 1ahol byag&o®dXh other. The
doubl e 10 surface polishing of the substrate 11 is carried out by attaching

' i L n ol i shing tapes
26 ( showl OB REBEiFbar, Hadd 2oty e ropliceh o b BB AROL SHOWIL | ng
pr essi ng rRkEAbleom the gireetdon of travel of the polishing tapes 26 and attached at
20  the tips of the arms 23 such that the polishing tapes 26 will be pressed onto
the surfaces of the soft magnetic layers 13 through these rubber rollers.
Alternatively, air openings may be provided at the tips of the arms 23 such
that compressed air caused to blow out therethrough onto the back surfaces
of the polishing tapes 26 will cause the polishing tapes 26 to be pressed onto
25  the surfaces of the soft magnetic layers 13.

[0039] The polishing tape 26 comprises a plastic film and a polishing layer
formed on the surface of this plastic film with abrading particles fastened
with a resin binder. The thickness of the plastic film is within the range of

30 Hpum-100um and the abrading particles are particles of one or more materials
selected from aluminum oxide, diamond, silica, cerium oxide, ion oxide,
chromium oxide and silicon carbide with average diameter of 0.02pm-5um.
The resin binder is a polyester binder or polyurethane binder.

35 [0040] The conditions for the fixed particle polishing method are explained
next.

[0041] The rotational speed of the substrate 11 is within the range of
200rpm-2000rpm. If the rotational speed is less than 200rpm, the number of
40 scratches formed on the surface of the soft magnetic layer 13 increases on



the polishing tapes 26 through the rubber pads 24 onto the surfaces of the
soft magnetic |layers 13 on both surfaces of the substrate 11 and 15

si mul t aneously causing the polishing head 22 to undergo a reciprocating
notion in the radial direction of the substrate 11 shown by arrow X [0038]
The rubber pads 24 nmay be replaced by rubber rollers (not shown) rotatable
in the direction of travel of the polishing tapes 26 and attached at 20
the tips of the arnms 23 such that the polishing tapes 26 will be pressed

onto the guriaees,af Hﬁél%l frliolBONGLd %ubé‘%g'ﬁes 133 &Pftgé‘%t&cgcﬁfag.é hRer
rollers. tgr 6V% Yy, r ogenhnga ggy e praylde %t the tips of the
arms 23 <uicreds A o the pthet haRdster PEriBroft St seRenagRsEuiT SNt o t he
back sur fHtkerongfs rohghpol i shing tapes 26 will cause the polishing tapes 26
to be pressed onto 25 the surfaces of the soft magnetic |layers 13. [0039]
The pal i gij ' l,ast L.eqf:i1 ma | 4S5l 0G Al r ‘
forme oS[B'P g]rfsllse??l g%.‘%n&%ng{]iltgggiﬁs? flgﬁf W%Ilb\ﬁ% g%?%di%?gm%%@\i%gflg}s{&f ast ened
with a re3tsdi rwi }Fﬁ@r ﬁ?ﬁ,&x‘ﬁ’égén ISrRBSH PES BTV NGTHY €38t hi n t he range
of 30 5m 100m and the abrading particles are particles of one or nore

mat er i al J00481'Fid pebsbtvaliwhivhiiaxpsieshifl 3apHd6 i cdinplesse@fis witkaxi de, ion

oxi de, Cﬂ%%ﬁdg[é‘ 81?‘%9%& S i e f;‘%%rs ixdeeiés‘lé% has! %@g g (Egth f
0.02m5 T _ b %{E B nder
35 [ OBA0 PoFREe R oA §F Shisch Eha@%a%%%ﬁwgi‘é& gultdpe
expl ai nedremext . I 404 HreThwrer etcaedo 2806 pee tho bthdrehgudstheanandbericf wit hin

t he rangescedtch@drpdZaiDisurfhde dftbel-aftahh@hélic Riyeeindr8adedss than 200r pm
t he nunber of 40 scratches formed on the surface of the soft magnetic

| ayer 13 .R ses .on. . 8 the inner periphergl porti of the substrate
Y ¢ MBI Boiithing stne TS ni B P ORORRE Zortconee SDeroRinglt thRe

sur f alde afolishing dimenggeredisc 3Payesonds3 thec sneface owgdulasiopoofl AheThhefthar dness
of the pafagdetislayet1Bror fie ndiegandfoutbd yeaiph@eilmrtiolybbgte Natkratet h

har dness yﬁg%gﬁﬁggqgﬁ¥{ange are conveniently used. [0043] The pressure with
whi ch the polishi ape 26 is conpressed is wthin the range of
30gf-200g{f. |f _this pressure is |ess than 30gf, particles that 10 becone
at t ached 10045]¥hde the melishingtapsst 26 aug petdsed|ajethpsvefasediof thestlt to
removae. Ihagiétic hyess IBeorekogtessr20008f thensuleraeher, thapdlishhig: tupeber of

26 may be made to continuously travel in the radial direction but it is

preferable to keep the polishing tapes 26 stationary because the number of

scratches can be reduced by keeping the polishing tapes 26 stationary,

instead of causing them to travel continuously, while they are being pressed
25 onto the surfaces of the substrate if the polishing time is relatively short.

[0046] As for the direction of the polishing, it is preferable to move
reciprocatingly (as indicated by arrow X) from the outer periphery to the
inner periphery and to pass to the outer periphery. It is because waste
30  materials such as polishing debris particles can be more effectively removed
from the outer periphery of the substrate 11 and to reduce the number of
debris particles remaining on the surfaces of the soft magnetic layers 13.

[0047] After this fixed particle polishing process, a tape (not shown) made of
35 a foamed material or a woven, non-woven, flocked or raised cloth material is
pressed onto the surface of each soft magnetic layer 13 on the substrate 11
for wiping off debris particles therefrom. This operation may be carried out
by replacing the polishing tapes 26 on the polisher 20 with the wiping tapes
as described above or by removing the substrate 11 from the polisher 20 and
40  using another polisher of a prior art type. Debris particles may be removed



scratches forned on the surface of the soft magnetic |ayer increases.
[ 0044] The polishing time is wthin the range of 2 seconds-30 seconds. If
the 15 polishing tinme exceeds 30 seconds, the surface undul ation of the
soft magnetic layer 13 on the inner and outer peripheral portions of the
substrate 11 becones | arge. [0045] Wile the polishing tapes 26 are
pressed onto the surfaces of the soft 20 magnetic layers 13 on both
surfaces of the substrate 11, the polishing tapes 26 nay be nade to

the. pol | & & OW%g'i%ltts?ﬁf%i‘d iy e eSEksoT itk inbebRgpPEE LSRN, Can be
reduced Bp rﬁ“ﬁ cepaf P ?ﬁ}et pes 26 stationary, instead of causing
themto travel continuousl y, while they are being pressed 25 onto the
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[0048] The surfaces of the soft magnetic layers were subjected to a fixed

particle polishing process by using the polisher shown in Fig. 2 by using
25 polishing tapes each having a polishing layer of thickness 10pm with

abrading particles of aluminum oxide with average diameter 0.5pm

(WA10000-25FMY-B produced by MIPOX Corporation) affixed to the surface

of a plastic film of thickness 24um made of polyethylene terephthalate by a

polyester resin binder. The average surface roughness of these polishing
30 tapes was 0.22pm.
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10 particles of artificial dianond with dianmeters |ess than 50nm di spersed
in water to the surfaces of this substrate, pressing woven cloth tapes on
these surfaces and causing themto run. The average surface roughness (Ra)
of the surfaces of the glass substrate after the polishing process was

|l ess than 1.5A and the flatness in ternms of surface height variations
(wavi ness W) 15 was 1.0A or less with wavel engths in the range of
0.05mMm 0. 5nm Next, a soft magnetic |layer of thickness 0.2m nmade of

Sput Ceri r{g@%(ﬁ’éf%’?‘%s T R s

pol i shed ablsedone snoot h, a perpendicular recording |ayer and a
protecti Viablayer were sequentially forned by 20 sputtering on the surface

of each |gpfthtipBaNet dfecbayalf t @helt1@O0 y¥dm per pendi cul ar nmagneti c| recordi ng
di sk. [0Q4RdrIhe surfaces of the|soft negnetic layers were subjected to a

fixed E?rbésﬁr%bdﬁoldhﬂiix? T RCESS | fusi ng the polTsher shown ih Fig. 2 by
using 2 H-ship ape%—%;ﬁﬁ—hsm%a&aness 10m
with abrmeﬁ%?j PalSe of al um gl furodEubberpagio, ane diameter| 0. 5m
(WAL000Q-Trarsiing prasdu©édpolshinpdylems rulethediapearers @gessgdt he surface of
a plastij¢aped m of thickness 24m made of polyethylene terephthaljpte by a

pol yest ePdlehing imeder . The aver gdesezunfi@ce roughness of these poli shing
30 t apeg NasctibrldPolikBidH050] TablFrod Shamer t RRergteaiy| stof ihher i xed
particlg polishing process. [Tablfylhelfbl £nd Rekaisondd <Resd of the 1000
rpm suljstrate Pressure on poli shi ipt s 40 f Hardness of pads 25 duro
(rubber "pad)y—Traveting speedof potTstrng—Zero white-the tapes re pressed
tapes Polishing tinme 5 seconds Direction of polishing Fromouter periphery
to i nfer [Ow]i’lgwemymhﬁ@ Haisachpd debnis partiges ppA@rgtrusions, the number

of scratches, the average surface roughness (Ra) and the surface waviness
(Wa) of the surfaces of the soft magnetic layer before and after the polishing
process were measured.

10 [0052} The numbers of debris particles, protrusions and scratches were
measured by using an optical surface analyzer (Trade name: OSA5100
produced by Candela Instruments Corporation) by projecting a laser beam
on the surface of the soft magnetic layer of the glass substrate rotating at a
speed of 10000 rpm in the radial direction.

15
[0053] The average surface roughness (Ra) and the surface waviness (Wa)
(surface height variations with wavelengths in the range of 0.05mm-0.5mm)
were measured by using a white-light microscope (Trade name: New View

- 5020 produced by Zygo Corporation) in an arbitrary area of 0.87mmx0.87mm

20  of the surface of the soft magnetic layer.

[0054] The results of measurements are shown in Table 2. Each number
shown in Table 2 is an average of values obtained from 10 glass substrates
having soft magnetic layers formed on both surfaces under the same

25 conditions. In Table 2, Surface A means one of the surfaces and Surface B
means the other surface.

[0055]
[Table 2]
30 Table 2

11



5 [0051] The nunbers of attached debris particles and protrusions, the
nunber of scratches, the average surface roughness (Ra) and the surface
wavi ness (Wa) of the surfaces of the soft magnetic |ayer before and after
the polishing process were neasured. io0o [0052] The nunbers of debris
particles, protrusions and scratches were neasured by using an optical
surface anal yzer (Trade nane: OSA5100 produced by Candel a Instrunents

Cor poration) by prOJectlng a |l aser beam on the surface of the soft

E R e R

the radijal directio 0053 e ST T
surface [wavi ness (W) Sur?% L(‘fmﬁaéﬁeglﬁt A A on ivel engths in the

range of|-0..05mm-0.5 M were lneasured lby_usi ng—a white-lilght m croscope
(Trade rddebrifew Vi 415020 gri8uced HyE zygo Coforation) in an arbitrary
area of |#BTietes0 87nm 20 of |[the surfdace of the|soft magnetic |ayer. [0054]
The resylS&atdhegrasur@Erents arig shown {ih Table 22 Each nunber shown in
Tabl e 2 jigggan averade; g4A val yasggbt ai nedz§Aom 10 19/g6s sybstrates having
soft mag I'CTayerg a hSury S undey € sanme 25 conditions.
| n Tabl br\g?i Surface ﬁ\lﬁ%gﬁa rllcﬂt?ié th %%&abca ?fl%éiﬂ urface B neans the
ot her surface. [0055] [Table 21 30 Table 2 11 Before polishing After

pol i shi nd0088kFade Sghdaabye sBoBarthatethe SunthereoBdelribammrtislensand ghes 5

Ea(r) t2 IA cl)e&nﬁﬁbai ofesratthdd Berd r&i&aéecﬁ@&rﬁﬁ@é;fﬂﬁ a}%tﬁe 7élv‘éra¥& shr@z8 1. 20A
r
%ﬁﬁhgg%ﬁ]an@qn%% %u?fa%él 4 sl 1 %‘E Si S{nt | cgnt%ljilﬁgnd t he

particles a % th1 t scratches were re
aver ade S‘:’id:F O 8 1nvention.

[0057] <Test Examples 2-12>  The invention is described next by way of
test examples. As Test Example 1, a perpendicular magnetic recording disk
was prepared by first making both surfaces of a glass substrate of 2.5 inches
10 in diameter smooth and flat by a free partlcle polishing method washing
them with water and drying them. The free particle polishing process was
carried out by rotating the substrate, supplying polishing slurry having
abrading particles of artificial diamond with diameters less than 50nm
dispersed in water to the surfaces of this substrate, pressing woven cloth
15 tapes on these surfaces and causing them to run. The average surface
roughness (Ra) of the surfaces of the glass substrate after the polishing
process was less than 1.5A and the flatness in terms of surface height
variations (waviness Wa) was 1.0A or less with wavelengths in the range of
0.05mm-0.5mm. Next, a soft magnetic layer of thickness 0.2pum made of Co-
20  Nb-Zr alloy was formed on each surface of this glass substrate by sputtering
and after the surfaces of these soft magnetic layers were polished to become
smooth, a perpendicular recording layer and a protective layer were
sequentially formed by sputtering on the surface of each soft magnetic layer
to obtain a perpendicular magnetic recording disk.
25
[0058] The surfaces of the soft magnetic layers were subjected to a fixed
particle polishing process by using the polisher shown in Fig. 2 by using
polishing tapes each having a polishing layer of thickness 10pm with
abrading particles of aluminum oxide with average diameter 0.5um
30 (WA10000-25FMY-B produced by MIPOX Corporation) affixed to the surface
of a plastic film of thickness 24um made of polyethylene terephthalate by a

12



roughness and the surface wavi ness were inproved by the polishing 5
according to this invention. [0057] <Test Exanples 2-12> The invention is
descri bed next by way of test exanples. As Test Exanple 1, a perpendicul ar
magneti c recording disk was prepared by first making both surfaces of a

gl ass substrate of 2.5 inches 10 in dianeter snooth and flat by a free
particle polishing nethod, washing themwth water and drying them The
free particle polishing process was carried out by rotating the substrate,

SupPly | NGy Pl SR 0GinShitldey. ML Qgé 20bA%e RBLERALES oPthal! pEEGHiRL o) amond
w th diameters sed ITn watér to t e sur aces of this
subst r at apB?@?fﬁﬁéhﬁﬁven cIoth 15 tapes on these surfaces and causing them

to run. The average surface roughness (Ra) of the surfaces of the glass
subst r at 0af9lexs Thst Brhinphédg- 1zplpeep§rsdlwlerlxe§§néﬂiwmobr&ﬂgamk§ keerk| at ness

In tersms O s %@%@%&@H alY&Ve TEO‘QS%‘%@%S’SP e%{t"‘ﬁﬁe bSditiBhs ! gSS W th

wavel engt s |n h n tic..|layer of
t hi cknes @OW%% Iﬁ?ﬁoﬁsﬁﬁgwpo fh eg@%3 TAVELHRE of this

gl ass s utﬁ@@ﬁépé tbtypgbshlrlertang andrtdeatirentionhef mlishinewerd thdhesmwe sefin
magnet i ¢ Teay @ximyled. pol i shed to becone snooth, a perpendicul ar recording
| ayer and a protective layer were sequentially forned by sputtering on the

sur f ch.soft .magpeti c,| t ndquI etic
recor 3585@ Jb ﬁ%g? l%suafgac eslorbfigé’??@% ()"Yst ﬁE’LSP:E wer e

subj ect ed 8o parm%&bqulapamageet@c psicpelinggdiskecwere Ipyepaiedgas Hex @unneéher

sﬂownk i N dboge far DystBkangpldaad-is bk@)ﬂ@@&?ﬂdﬂﬁdﬁhl il %amp:lle ﬁb]lﬂﬁnlgayel’ of

t hi cknes of al um num oxi de with average
d|anetersgégg?%%&?$£§%%%%ﬁg%Eﬁggghg%gﬁuced by M POX Corporation) affixed to
t he surfice of a plastic filmof thickness 24m made of pol yethyl ene
terepﬁth H by a 12 polyester resin binder. The average surface
roughnesdTabletdlese polishing tapes was 0.22m [00591 As Test Exanpl es
2-12, pempﬁﬂggcular nagnetrc recordrng di sks were 5 prepared as expl ai ned

above f gr—Test Exanpte 1 e conditipns of —F ar t1cle polishin
wer e chgnged as shO\L/)m in %ﬁ%g i i ST Sy IBIGE spege %O pol i ghr ng °
tape and the direction oﬁs Sﬁlsﬁfn re t/H&T %W? asﬁq?e&£®
ubstrate duro

Test Example:

2 200 40 25 5

3 2000 40 25 b

4 1000 30 25 5

5 1000 100 25 b

6 1000 200 25 5

7 1000 60 15 5

8 1000 60 25 b

9 1000 60 50 5

10 1000 40 25 5

11 1000 40 25 20

12 1000 40 25 30

Comparison

Example: 150 40 25 5}

1 2500 40 25 B

2 1600 20 25 5

3 1000 250 25 5

4 1000 60 10 5

5 1000 60 60 5

6 1000 60 25 1

7 1000 40 25 40

8
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Test Exanple 1. 10 [0060]
Conpari son Exanples 1-8, perpendicu
prepared as explained above for Test

<Conpari son Exanples 1-8> In addition, as

ar magnetic recordi ng di sks were
Exanpl es 2-12 except the conditions

of fixed particle polishing were changed as also shown in Table 3. 15

Tabl e 3 Rotati onal
substrate (duro)

[0061] [Table 3]
har dness tine (sec)

Pressure Pad Polishing speed of (gf)
Test Exanple: 2 200 40 25 5 3 2000

40 25 5 4 1000 30 25 5 5 1000 100 25 5 6 1000 200 25 5 7 1000 60 15 5
8 1000 60 25 5 9 1000 60 50 5 10 1000 40 25 5 11 1000 40 25 20 12 1000

40 25 30 Conparison Exanple: 150 40

25 5 1 2500 40 25 5 2 1000 20 25 5

3 1000 230082 <Corfpd@Sh=60 1Q@omparishB@0webe 68afe SmbAROLIRD sdmples ©f1000 40

25 40 8 fgy Examples 2-12 and Comparison Examples 1-8 regarding the number of

debris particles and protrusions, the number of scratches, the average

5 surface roughness (Ra) and the surface waviness (Wa).
[0063] The same optical surface analyzer (Trade name: OSA5100 produced by
Candela Instruments Corporation), as in Test Example 1, was used for the
measurement of the numbers of debris particles, protrusions and scratches
10  while laser light was projected in the radial direction on the surface of the
soft magnetic layer of each glass substrate rotating at the rotational speed of
10000 rpm.
[0064] The same white-light microscope (Trade name: New View 5020
15 produced by Zygo Corporation), as in Test Example 1, was used for the
measurement of the average surface roughness (Ra) and the surface
waviness (Wa) (the surface variations with wavelengths in the range of
0.056mm-0.5mm in both radial and circumferential directions) in an arbitrary
area of 0.87Tmmx0.87mm of the surface of the soft magnetic layer.
20
[0065] The results of the comparison are shown in Table 4. These results
were obtained from five samples each having a soft magnetic layers formed
on both surfaces under the same conditions. The evaluations were made as
follows:
25  For debris and protrusions:
A: Less than 10 on all samples
B: 10 or more on one or more samples
C: 10 or more on all samples
For scratches:
30 A: Less than 5 on all samples
B: 5 or more on one or more samples
C: 5 or more on all samples
For average surface roughness:
Al Less than 2A on all samples
35 B: 2A or greater on one or more samples

C: 24 or greater on all samples
For surface waviness:
A: Less than 2A on all samples
B: 24 or greater on one or more samples

14



[ 0062] <Conparison> Conparisons were made anong the sanpl es of

Exanpl es 2-12 and Conpari son Exanples 1-8 regardi ng the nunber of
particles and protrusions,
roughness (Ra) and the surface wavi ness (\Wa).

t he nunber

of scratches,

t he average
[ 0063] The sane opti cal

Test
debri s
5 surface

surface anal yzer (Trade nanme: OSA5100 produced by Candela Instrunents
nmeasur enent of the

Cor por at

nunbers of debris particles,

B4

he sanme white-light m croscope (Trade nane: New View 5020 15

was proj
| ayer of
rpm

[ 00

ion),

ected d.n t

4i360he &

alerdid B

rate rotatl

Eﬂﬁ,gl

as in Test Exanple 1, was used for the
protrusions and scratches io while |aser
oh the surface of the

at the rotationa

speed

i ght

soft magnetic

of 10000

produced [Bpbley4glo Corporation), as in Test Exanple 1, was used for the
measur eneprghlefs t he average surface roughness (Ra) and the surface waviness

(Wa) (tHe surface variat A Th evel enoTNS o Rod NE gggﬁgeor 0. 05mM 0. 5mMn
in both|radial and circunferential! directions |% anjarbitrary| area of
0. 87mx@. 87mm of the surl g of. the®soft nmddhetic | a g?YHEﬁS[OOGS] The
results |of the conpari sopPE¥EUE8RBWL in Tabl|d°%ENA8Ese results |were
obt ai nedfromfive sanpl 8 each haling a sqft magnetic layers flornmed on
bot h sur|{fErsésixamtde’ t he same condifions. THe eval uations were rade as
foll ows:[25 For debris anhd protrusjéns: A: llless than{#0 on all {sanples B
10 or ngQrE on one or noreAsanples [& 10 on Awore on alAl sanpl ed For
scratchgsg 30 A: Less thap 5 on all AsanplegAB: 5 or frare on one or nore
sanpl es 5 or nore on|all sanpleg For ayeyage surface roughness: Al Less
than 2A|[qgp all sanples 3paB: 2A orf greater gn one or{pore sanplies C 2A or
greater on al | sanpl es Fak‘surface Yavi nesg:, A

8 A A A A

9 A A A A

10 A A A 1A

11 A A A A

12 A A A A

| Comparison

Example: B B B A

1 A A C B

2 C A C A

3 A C B B

4 C A B B

5 A C B A

6 C A B A

7 A C A B

8

10

15

[0067] <Result>

be reliably made smooth and flat by a polishing method according to this invention.

[Brief Description of the Drawings]

[0068]
[Fig.1]

magnetic recording disk.

[Fig.2]

[Numeral(s)]
[0069]

15

Fig. 2 is a schematic drawing of a double-surface polisher.

Table 4 clearly shows that the surface of a soft magnetic layer can

Figs. 1A and 1B are each a sectional view of a perpendicular



A: Less than 2A on all sanmples B: 2A or greater on one or nore sanples 14
C. 2A or greater on all sanples [0066] [Table 4] Table 4 Debris Scratche
Average Surface and s surface waviness protrusion roughness s Test
Example: 2 AAAA 3AAAA 4AAAA S5AAAA 6AAAA 7TAAAA
8AAAA 9AAAA 10AAAA 11 AAAA 12 AAAA Conparison
Exanple: BBBA 1 AACB 2CACA 3ACBB 4CABB 5ACBA 6
CABA 7ACAB 85
10...a perpendicular magnetic recording disk
11...a disk-shaped substrate
12...a foundation layer
13...a soft magnetic layer
5 14...an intermediate layer
15...a perpendicular recording layer
16...a protective layer
20...a double-surface polisher
21...a spindle
10 22...a polishing head
23...an arm
24...a rubber pad
25...activating pressing means
26...a polishing tape
15 X...a direction
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[0067] <Result> Table 4 clearly shows that the surface of a soft magnetic

| ayer can be reliably made snooth and flat by a polishing nmethod according
to this invention. [Brief Description of the Drawings] 10 [0068] [Fig. 1]
Figs. 1A and 1B are each a sectional view of a perpendicular magnetic
recording disk. [Fig.2] Fig. 2 is a schematic drawi ng of a doubl e-surface
pol i sher. 1 I Nurneral (s)] [0069] 15 10...a perpendicul ar nmagnetic
recording disk 11...a disk-shaped substrate 12... a foundation |ayer
13...a soft magnetic layer 5 14... an internediate |layer 15...a

per pendi cul ar recording |layer 16... a.protective layer 2Q... a

Houbl - sul-f aceApBrtheh it producing, aspsrhendidiles agnelis rogerding aﬁkh galf mghod 5
arm?24. .. a.f Hﬁﬂhggg £OoF - - activating pressing neans 26...a polishing
tape 15 X ..a |recti%n 16 Cains: 1. A nethod of producing a

per pendi cul ar padighiagite nrakc emdothgr it kyurfacss of astlstrdte andspquentially frming @ps

of : polishi,ng to _make snoother both syrfaces of, a substrate and

sequent i ARy PRI TYeR @ Bgprdiaterarting Javer and sdyRlecie (e o gl ofichg
layer andy@isREPhRfckySf daity Qibs@ite kA s@if naBfeticddialér fouhbd 68 $hOpolfhtd
substrate, said soft magnetic |ayer being forned on the polished surface

of sai d swbfee of widksubkisste dithadlitegtlyer with B feurdetion leyeioin betyean; aud bet ween;

and pol I shing {130 SRG'Mflored S HIhRE S Hia 36k hRldc IHERID! i @HET S SO
the average surface roughness (Ra) and the average surface waviness (Wa) are less than
2.0 A, said perpendicular recording layers being formed on said smoothed surfaces of said

soft magnetic layers either directly or with an intermediate layer in between.

2. The method of claim 1 wherein the surfaces of said soft magnetic layers are

polished by a fixed particle polishing method.

3. The method of claim 2 wherein said fixed particle polishing method comprises the
steps of:
rotating said substrate; and

pressing a polishing tape onto each of the surfaces of said soft magnetic layers.

4, The method of claim 3 wherein the poﬁshing tape 1is pressed onto said each surface
through a pad and said fixed particle polishing method further comprises the step of

causing said pad to move reciprocatingly in a radial direction of said substrate.

5. The method of claim 3 wherein said polishing tape comprises a plastic film and a
polishing layer formed on a surface said plastic film, said polishing layer having abrading
particles fastened with a resin binder, said plastic film having a thickness of Spm - 100pum,
said abrading particles being of one or more materials selected from the group consisting
of aluminum oxide, diamond, silica, cerium oxide, ion oxide, chromium oxide, and silicon
carbide with average diameter of 0.02um - Sum, said resin binder being a polyester binder

or a polyurethane binder.
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t he average surface roughness (Ra) and the average surface wavi ness (W)
are less than 2.0 A, said perpendicular recording |ayers being fornmed on
sai d snmoot hed surfaces of said soft magnetic |layers either directly or
with an internediate | ayer in between. 2. The nethod of claim1 wherein the
surfaces of said soft magnetic layers are polished by a fixed particle
pol i shi ng, net h . ! ”ﬂ@ﬁ I i ; i

pol i shi ng6'mat % Ié%prlﬁrgi%gecs ]{nhfe)%hg{elerg%aq%g%‘ fgr 0 a%t?dﬂ%yixiz?ogné%%gtg? g?{g?ﬁl%rl'ilg
pressi ng dloyalongdning at Rpe oo tnatadd Beletted fiensthefmogscofsistiag df Fof Co pmhet i c

| ayers. 4. The nethod of claim3 wherein the palishjng, tape.i I ed onto
sai d eachagatfesstone Hatsiglvelec Q(ff%gleﬁ?‘ép R Hn%a%ﬂc@é%g’oﬁ Mﬂg’ﬁe&hod
further cpppigses the step of causing said pad to nove reciprocatingly in
a radial direction of said substrate. 5. The nethod of claim3 wherein said
polishing tape conprises a plastic filmand a polishing |layer fornmed on a
surface said stic fil sai | ishing | ayer havi abr adi.n articles
st aned i ¢ LG Sisthodoh ARt & Rerpinsatf SR FHENG H3eh CPRPERReE) PY S
100m  salfARhadt RAstRAE hdi&iR sH8¢Bd 18 MBSrdtp JIREISLNPSFRd, Wosandaliafided from
t he group consisting of alum num oxide, dianmond, silica, cerium oxide, ion
oxi de, chlemtionermasaridbselentetl &oinjthe group spiridimgwit £h Zn/dpakeCaiRinendeyi- of 0. 02m
- Bbm said resin binder being a polyester binder or a polyurethane binder.
17 6. The nmethod of claim 1l wherein said soft nagnetic |ayer conprises an
anor phous alloy containing at | east one material selected fromthe group
consisting of Fe, Co and N and at |east one naterial selected fromthe
group consisting of Nb, Zr, C, Ta, Mo, Ti, B, C P and Si. 7. The nethod
of claim1l wherein said soft magnetic |ayer conprises an alloy containing
at | east one material selected fromthe group consisting of Fe, Co and N
and at |east one material selected fromthe group consisting of Pt, Zr,

No, Ti, C, Ru and Si. 18
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