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

- invention relates to a nethod of producing a perpendicular nagnetic
recordi ng disk. [Background of the Invention] [0002] Data processors for
recordi ng and reproduci ng data such as characters, 10 inmages and sounds
are comng to be installed not only in conputers but also 1in apparatus
such as tel evisions, caneras and tel ephones. Such data processors are now
required to have inproved processing capabilities (with increased
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nmedi um ang %ﬁfﬁ y neans of a nmagnetic head o e data
processorukf§§§g§g§§- gc ogg%iﬁgkgublication 1 and Publication 2,
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a soft nmgpRéticrdcdydngWitlh hi gh magnetic perneability, a perpendicul ar
recording layer and a protective |layer on the surface of an al um num
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sur roundi sigalperin digg.ned around this center part. These col umar
crystglline elements formthe recording bits that are magnetizable in the
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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.
33
[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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particularly required to be snoboth such that the average surface roughness
40 will be 2.0A or less and to be flat such that the surface hei ght
variations will 1 be A or less with wavel engths in the range of

0.05mMm 0. 5mmin both radial and circunferential directions. In general,
the surface of a substrate is polished to be snmooth and flat by a free
particle polishing nmethod. The free particle polishing nethod nmay be
roughly divided into the | apping plate 5 polishing nethod and the tape

pol i shing method. By the | apping plate polishing nethod, a substrate is
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and the neRGIdChHPEH.AEREFe Wtdhod e magnetic signals outputted fromthe 30
magnel,j c head are di spersed nore such that the quantity of recording per

unlt areaobt hf recording density or recording capacity) is reduced. Thus,
or der [0096] Fa¢ dnereapt in thp ebegitpiion steda mesendans grdnthe scqwpenie t he
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of the  gyurface 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.
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[Publication 1] http://www.trl.ibm.com/projects/perpen/ ("Perpendicular
40  Magnetic Recording”, IBM Tokyo Research Labor_atory)




magnetic di sk and the magnetic head nust be made smaller. Mreover, the 35
magneti c disk can be nade snaller 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 nmagnetic head is now required to be

| 5nm or less. [Publication 11 http://ww.trl.ibm com projects/perpen/

(" Perpendicul ar 40 Magnetic Recording", |BM Tokyo Research Laboratory)

[ Publication 21 http://spin.pe.titech.ae.jp/hp/research/nfts2/ ("Production
of Co-Cr High-Density Perpendi cul ar Magneti c Recordi ng Medi umi', Nakagawa
G oup, Departnment of Electronic Physical Engineering, Tokyo Engineering 5
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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]1t 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
1s 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.




35 [0011] According to this invention, a perpendicular nagnetic recording
disk is produced by polishing to nake snoot h both surfaces of a

di sk-shaped substrate and sequentially formng a soft magnetic | ayer, a
per pendi cul ar recording |ayer and a protective |layer on each of the
pol i shed substrate 40 surfaces. 3 [0012] An al um num substrate with its
surfaces treated with alumte or subjected to Ni-P plating or a glass
substrate is used as the substrate. 5 [0013] The surfaces of such a
substrate are polished by a known polishing nethod or by the method

di scl osed in aforenenti oned Japanese Patent Application Tokugan
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[0018] Thang @dldp%trkiaéfl @nq)m&tgﬂahgelﬁ@edémm@ Brees cozrltﬁests:tl@pé fZIr, otating
the subsNbale Gm&wpmedSi.ng a polishing tape onto each of the surfaces of
the soft 35 magnetic |ayers. Each polishing tape is pressed onto the
surf age Of00§5ﬁ%f J([)rder 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] 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,




magnetic | ayer through a pad or a roller. Conpressed air nmay be blown to

t he back surface of the polishing tape. Each pad is noved reciprocatingly
in a radial direction of the substrate. The polishing tapes may be
supplied continuously in the radial direction of the substrate or nay be
kept in a 40 stationary condition. 4 [0019] The polishing tape conprises a
plastic filmand a polishing layer fornmed on a surface of the plastic
film The polishing |ayer has abrading particles fastened with a resin

bi nder. The plastic filmhas a thickness of 5 5m 100m and the abrading
particles are of one or nore nmaterials selected fromthe group consisting
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[ 0021] Thbigdenventi on conducts the fol l owing effects. 20 [0022] By a method -
of thies invention, the surfaces of the soft magnetic |ayers are nade

smoot her R)@QOP@R&P tﬁf&eﬁi?éc%%&'ﬁ%l@rﬁoﬂs‘i’{ rB&%EGB”t gf ﬁQQQrdTBAh fo:{siﬁé’d"‘ h and
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be produc@ito theopsfacehel eashy scrfh@m@neélcl layer sudo that debxiemarticksythbecause
they are cams alol be @ltheyed al)a@i’rﬁg tBO fiiestpaMide HekslEakr yidigsHhnt be

lpg\rlggﬁldd?gl] enL%él]DJMlégbﬂ COr ( E"g%@%i%%g]bﬁlg&%ﬁkagﬁg&i%&eacﬁ show a

per pendi cﬁ? %8?%}?: ?é §YEFS- 35 10, produced by pol i shing both
surfaces of a d| sk shaped substrate 11 and
[Effct(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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sequentially formng thereon a soft nmagnetic |ayer 13, a perpendicul ar
recording layer 15 and a protective |ayer 16. [0026] An al um num substrate
with its surfaces treated with alumte or 40 subjected to Ni-P plating or
a glass substrate is used as the substrate 11. 5 [0027] Both surfaces of
the substrate 11 are polished to be snoboth by a conventional free particle
pol i shing nethod as expl ai ned above. For polishing slurry, particles of
one or nore kinds selected fromthe group 5 consisting of alum num oxi de,
silicon oxide, iron oxide and cerium oxide are used as the abrading
particles, and water or a water-based aqueous solution wth glycol added

is used afoREB6HLS BRFSA6Y of|ti1eas1%8@13a%eSPPSJI'E%ﬁléh%duﬁﬁ%eaénoéﬂheb§u§3trate

h I
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average s é’s@a&FOflﬁél%@rthatcé%a%% chemacadlypwithaglass puely ag he
pol i shi ngptpiiaaﬁescsh oRNleomay eds beddddad tohdeguilishimgnglurpr.ocess, bot h
surfages of the substrate are washed well with water and then 20 dri ed.
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filmtechno a suf aces

substrat e™ Iing%gné’#hjlﬁ\rflm ?’nﬁEF A’e EP{ %b‘?@af‘? ?P@I%mo% f U AJHERBEH 12 may
25 be f orikd moay bacfhrt&wrffan:ee@fovehéhlsubsrmagaema Niridl filioe thefsurfagmét i c
llayer 13 thimymbendtos MaeP Giind Beirglpbasiedto eRCEMbOIINEAlT HRoftaMREndBcas shown

in Fig LBerfl& fﬁ%%%ﬂeh@@eo 2 is made of a material selected from

t he group con3| "their alloys and is fornmed for the

pur pose O{ﬁ)@na}sl‘j for the topol ogi cal unevenness on both surfaces of

t he pol i si@g9 bémi“a egalp thmt tha wredage sorfabé mpnghess d tbpld(ﬂfaces@é from
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{00301 The soft magnetic 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 Iayer 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 CoNb-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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perneability, conprising at |east one material selected fromFe, Co and N
and an anor phous al |l oy, such as Co-Nb-Zr, Co-Ta-Zr, Co-Ti-Si, Co-M-Zr,
Fe-Co-P, Ni-P, Fe-Ni-P, Fe-B and Fe-Si, containing at |east one naterial
selected fromthe group consisting of No, Zr, C, Ta, M, Ti, B, C, P and
Si. 40 The soft magnetic |ayer 13 may al so be nmade of an alloy, such as

Ni -Fe, Fe 6 Co-Ni, Fe-Co-Ni-Ru, Co-Ni-Pt, Co-Ni-Cr, Fe-Si-Ru and the |iKke,
containing one naterial selected fromthe group consisting of Fe, Co and
Ni and another material selected fromthe group consisting of Pt, Zr, Nb,
Ti, C, RuoadndFsrCo-Nibdut BbdinBssCofNitte Bofi-Rumgnétthe liles;econtBinisgin t he
range of &@mamlal%e[l&%@]fmﬁ%ﬂé taD dohsidtiny bW@@dQﬂdNﬂb&ldSMcftﬁéﬁ of this
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t echnol og¥ €8th as sputterlng and platlng on the surface of the soft
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[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 -




[0036] This fixed particle polishing nmethod is carried out by rotating the
35 substrate 11 and pressing a polishing tape onto the surface of the soft
magnetic | ayer 13 on each surface of the substrate 11. The polishing tape
is pressed onto the surface of each soft nagnetic |ayer 13 through a pad
or a roller while conpressed air is blown onto the back surface of the
polishing tape. 40 7 [0037] A double-surface polisher 20 shown in Fig. 2
(as disclosed in Japanese Patent Publication 2001-162504) may preferably
be used for this purpose. This doubl e-surface polisher 20 conprises a-
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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 5pm-100pm 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 0.02um-5um.
The resin binder is a polyester binder or polyurethane binder.

35  [0040] The conditions for the fixed partlcle 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




sel ected from al um num oxi de, dianond, silica, ceriumoxide, ion oxide,
chrom um oxi de and silicon carbide with average dianeter of 0.02m5m The
resin binder is a polyester binder or polyurethane binder. 35 [0040] The
conditions for the fixed particle polishing nethod are explained next.
[0041] The rotational speed of the substrate 11 is within the range of
200r pm 2000rpm If the rotational speed is |ess than 200rpm the nunber of
40 scratches formed on the surface of the soft magnetic |ayer 13 increases
on 8 the inner peripheral portion of the substrate 11. If the rotational
speed extteetme200aipmradbmortien oifhitre babatratehdlsulf tiee rofational spééd magneti c

| ayer 1%&@@&5@@0@% hen %hé %@He?ﬂ hdhe R an@a%%neﬁ tH@@ofE’%’a%f’elticsla%f hin the

range of &&pegqmur Rubber pads Wi th hardness Wt hin S range are
conveni ently 0SES. F% 43] The pressure with which the polishing tape 26 is
conpressed is within the range of 30gf-200gf. If this pressure is |ess
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sof t nagn y i ncrease ] ,The polishing time is mnthln t he
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is preferable to keep the polishing tapes 26 stationary because the nunber

of scr at©oas] TianpélesHifg aad iHWwikEaRMBGahBE oP 2! desbhdi930 3B&Hd46 I$kRE | onary,
I nst ead ;{3 lfasglgﬁé m%h%%ée‘ast %ﬁ"&%cﬁﬁ%t 'tﬂ é‘@f&e ‘%iuﬁa&f)ﬁy%ﬁ ife PEIANI.

pressed es. of sUbs trme is

Dol at i vel BagRRE ay[eédgea BT aRg QRtPBBFTBRCTH ppﬁfé%wé i smgvs trage j g

pr ef er abl 1b@mw5$dam¥e0|procat|ngly (as indicated by arrow X) fromthe
outer periphery to the inner periphery and to pass to the outer periphery.
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Bt

nore effectivel rate 11 and
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soft magnél irsay deepeade3to continuously travel in the rad1a1 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 afoamed 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




[0047] After this fixed particle polishing process, a tape (not shown) nade
of 35 a foaned material or a woven, non-woven, flocked or raised cloth
material is pressed onto the surface of each soft magnetic |ayer 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 w ping tapes as described above or by renoving the substrate 11 from
t he polisher 20 and 40 using anot her polisher of a prior art type. Debris
particles may be renoved 9 also by blowi ng water or air onto the surfaces
of the sodlso badbeting watpens aliBontorthbeuifasey dfatesoftff mbfeetstilaserat® 11.

[ 00481 <Tgstolrxaples briHdsuhdigntyijon i s descri bed next by way of test 5
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[0049] 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 10um with
abrading particles of aluminum oxide with average diameter 0.5um
(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 [0050] Table 1 shows the details of the fixed particle polishing
.process. [Table 1] Table 1 Rotational speed of thelO0O0 rpm substrate
Pressure on polishing tapes40gf Hardness of pads25 duro (rubber pad)

Travel i ng speed of polishingZero while the tapes were pressed tapes
Polishing tinme5 seconds Direction of polishingFromouter periphery to inner
peri phery and passing to outer periphery 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 [D@§OETikie [lashewshitb deeaibnef thitfetedtpretiol! paivhing: prrcesess wer e

measur ed. [74®1d §052] The nunbers of debris particles, protrusions and
scratchesr[‘x\.ar measured by using an opti cal surface anal yzer (Trade nane:
OSA5100 |u&uuurl b (‘andvl a—tnastruhernts—Cor pnr af|nn\ h\l pr n| ect | ng a | aser
beam on| ¥ ﬂ‘@t {aceresd t nel sofhe rfeme | ayer of the glass supstrate

rot ati ng| sithsfratepeed_of 10000 rpmin the radial direction. 15 [[0053] The
aver age shredsaves ompolisiesg teRe) andilgfie surface wavi ness (Wa) (Jsurface

hei ght vpHaadh@ssfpalh wavel engt i3 duth@ublbigsad)f 0. 05mm 0. 5mMm)  were

easur ed byaésind0 e S polihing T A PARPeTBUE AU BrodEW VI B 5020

pr oduced @begygo rporatl on) injan arbltrary area of "0.87mx0.87nmm 20 of
t he surfaﬁgli f: rtle sof t—TragnetiT |§ el guuoq] Theresuttsof neasurenents
are show i ge of val ues

obt ai ned| PHER9B 4P BEbst r at es| FIRRYi MyteHT (PEFHINEY i ct9 ayBRY for med on
both surfaces under the sane 25 cdfdiRhesns. andy PaSFRL2, tSuokdike A neans one
of the surfaces and Surface B nelgrgipheeyot her surface. [0055] | [Table 21

5 [0051]1The numbers of attached debris particles and protrusions, 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




30 Table 2 11 Before polishingAfter polishing Surface Surface BSurface
ASurface B A Debris 24119585 particles Scratches221732

Ral. 88Al. 81Al1. 79A1. 74A WAl. 08A1. 20Al. 02A0. 95A [0056] Table 2 clearly shows
that the nunber of debris particles and the nunber of scratches were
reduced significantly and the average surface roughness and the surface
wavi ness were inproved by the polishing 5 according to this invention.

[ 0057] <Test Exanples 2-12> The invention is described next by way of test
exanpl es. _As Test anple 1, a perpendicular magnetic recording disk was
prepared by first makBefgrdpslislsng f aceq Atepdiishiisg substrate of 2.5 inches
10 in dijaneter snoot|Rwiged | AtS¥acd B rlesimaetA ¢l gup@ks $hl ng net hod, washi ng
themw th water and |[dgyi ng them The firee partic¢le polishing process was
carried ogLLRYy rotatifg the sul trate,5§uppiyin_ pofishihg slurry having

abr adi ng gaarrt{dé:sl es Pf artifigial di aEmPE_ W t hhdl aneters less than 50nm
%wa?ll T, =) =)

di sperse o—the—sturfaces rate—p+€ssi ng woven cloth

£ O

15 tapes ¥8e surdZices ﬂrcﬁrauq ng-<t to £én, Jhe average surface
roughnessB2Ra) of thel 88afaced BkAthe L A¥S subsliTle affer the polishing
process Whst | ess thanl.088A and. 20k fl dtln@s in {61958\ of $urface hei ght
variations (waviness Wa) was 1.0A or less with wavel engths in the range of

0. 0O5mM 0. : i y f t . md Co 20
No- 21l | B8 m%“%@%ﬁéﬁ# SRR ShlaF A Bl erffgﬁ?@?i&%% Pare g;ﬂé
sput t er i nEURRH off 3ERtChRE werer seduceds sigmalieand by andp fhreaverags erEfage o
pol i shed toyghbaceneand nidet urfacpempeitiss uware r sgpradiedg byayee poltshang

protect i vacchbayiap tveh ins@auent i al |y forned by sputtering on the surface of
each soft magnetic layer to obtain a perpendicular magnetic recording

gl fs Ikx e§5 k%géﬁlT;‘,Q%}X%%glgg E'S 12gf tlﬂﬁe Si%fvgnggg qgtcié:sc:}lci%g& rgex\gc\e 3? v?éjybjo?(:t ed to

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 particle 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-0.56mm. Next, a soft magnetic layer of thickness 0.2um 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
sequentizally formed by sputtering on the surface of each soft magnetic layer
to obtain a perpendicular magnetic recording disk.

D:

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

i2




particle polishing process by using the polisher showm in Fig. 2 by using

pol i shing tapes each having a polishing | ayer of thickness 10mw th

abradi ng particles of alum num oxide with average dianeter 0.5m 30

(WA10000- 25FMY- B produced by M POX Corporation) affixed to the surface of

a plastic filmof thickness 24m nmade of pol yethyl ene terephthal ate by a 12

pol yester resin binder. The average surface roughness of these polishing

tapes was 0.22m [00591 As Test Exanples 2-12, perpendicul ar nagnetic

recordi ng disks were 5 prepared as expl ai ned above for Test Exanple 1

except t heolgestdi tresimsbiofdeti xEHe paretigd eupfaké shiiglynevar & thangeslishsnghown i n

Table 3. {Hpestwavee2ng. speed of the polishing tape and the direction of
polishing were the same as in Test Exanple 1. 10 [00601 <C0np3rian

Exanpl es 1-8> | n_addition, as Conparison Exanples. 1-8, perpendicular

mag ggt ic &)9381(% Tesiufsrmnies & 13 opmantiadag iprgnaticarecartivg hpks veze
Exanplies prep2rakeepixplamedoaldivel farsTedt Exxmpleodr tieipe thel éalditigns wér e

g hanged afxel %@rt_ﬁﬂ@%lisfﬂliﬂ'gﬂ%&]g%h 3 eHOQ@%EOW%Ti%b‘I‘ﬁg}}i—S. T?}E's?ﬁﬁﬁli"%ﬁ}ﬁ Io ;)nal
ressure . ar dnes 1E.

Test  Exand S%?i 03552532%%%%%36%65‘&%8 U A e S T

7100060155°

10  [0060] <Comparison Examples 1-8>  In addition, as Comparison Examples
1-8, perpendicular magnetic recording disks were prepared as explained
above for Test Examples 2-12 except the conditions of fixed particle polishing
were changed as also shown in Table 3.

15 [0061]
[Table 3]
Table 3
Rotational | Pressure | Pad Polishing
speed of | (gf) hardness time (sec)
substrate (duro)
Test Example: -
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 10006 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 2b 30
Comparison
Example: 150 40 25 5
1 2500 40 25 5
2 1000 20 25 5
3 1000 250 25 5
4 1000 60 10 5
b 1000 60 60 5
6 1000 60 25 1
7 1000 40 25 40
8

13




9100060505 10100040255 111000402520 121000402530 Conpari son

Exanpl e: 15040255 1250040255 2100020255 31000250255 4100060105 5100060605
6100060251 71000402540 8 13 [00621 <Conpari son> Conpari sons were made anong
t he sanples of Test Exanples 2-12 and Conpari son Exanples 1-8 regarding
the nunber of debris particles and protrusions, the nunber of scratches,
the average 5 surface roughness (Ra) and the surface waviness (Wa). [00631
The sane optical surface anal yzer (Trade nane: OSA5 100 produced by

Candel a I nstrunents Corporation), as in Test Exanple 1, was used for the
measur enent of the nunbers of debris particles, protrusions and scratches
10 whil e t?%{%e ight was projected in the radial direction on the surface
of the s&PP2 PRESINY er  SPMPACHOGS a¥eTe UB8Le ;amongt the samples; wé

rot at i onalegpésainples 2t 0D @0Odr Pomph 064 ExBheplsanes whydrding thd nombeos€ope

Sl 1o DUILRY RS propuag el MmO RARGIRL B aiad ees
anp
(Ra) aﬁﬁd %lhr\ggczeuﬂrﬂ?l ggreléssv%%?‘? ﬁ&ggﬁ?\ﬁﬁffg‘?? Wérlvé%ﬁ’s]s%\jvari ations with
wavel engths in the range of 0.05mMmO0.5mm in both radial and
ci r cunf er AEBHEThalsame bpting) surfaenarealprdr @ryde aner: OFSAS BDrene@udthby of t he
sur f ace ocaﬁtﬁ@aSI@ﬂ‘stadmmt@&rﬂo%lﬁén), 2. ihO@@ééIE;zﬂﬁpfefef,u%hlg Rbathe ghoTPari son
are shown_i e u wer e al ned fromfive s es eac
navi ng o errlidhor HIITEBERLE RenitE 508 BRtrhil il RERe
condi t4 on¥: ll?HES%\r)]égﬁ"aWiaér@mWéFeél pudle gadiad gliresfien 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 0.87mmx0.87mm 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 Al 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:
A Less than 24 on all samples
35 B: 24 or greater on one or more samples
C: 2A or greater on all samples
For surface waviness:
At Less than 2A on all samples
B: 2A or greater on one or more samples
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sanpl es For average surface roughness:
sanples 35 B: 2A or greater on one or
sanpl es For surface wavi ness:
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A: Less than 10 on all
nore on all

nore sanpl es

A: Less than 2A on all
nore sanples 14 C. 2A or greater on al
and Scratche surface Surface protrusion
sroughnesswavi@ess &\ TegteabxamphB sa2idéd 3AAAA 4AAAA 5AAAA GAAAA

sanples B: 10 or
sanpl es For scratches:
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[0066]

[Table 4]

Table 4
Debris Scratche | Average Surface
and 8 surface waviness
protrusion roughness
g

Test Example:

2 A A A A

3 A A A A

4 A A A A

5 A A A A

6 A A A A

7 A A A A

8 A A A A

9 A A A A

10 A A A A

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

5
[0067] <Result> Table 4 clearly shows that the surface of a soft magnetic layer can
be reliably made smooth and flat by a polishing method 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 drawing of a double-surface polisher.
15 [Numeral(s)]

[0069]
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TAAAA BAAAA 9AAAA 10AAAA 11AAAA 12AAAA Conpari son Exanpl e: BBBA 1AACB 2CACA
3ACBB 4CABB 5ACBA 6CABA 7ACAB 8 s [0067] <Result> Table 4 clearly shows
that the surface of a soft magnetic |ayer can be reliably made snooth and
flat by a polishing nethod according to this invention. [Brief Description
of the Drawi ngs] 10[0068] Figs. 1A and 1B are each a sectional view of a
perpendi cul ar [Fig.1] magnetic recording disk. [Fig.2]Fig. 2 is a schematic
drawi ng of a doubl e-surface polisher. 1s[Nuneral(s)] [0069] 15 10...a

per pendi cul ar magnetic recording disk 11...a disk-shaped substrate 12... a
foundati oh0.l ayperpeddiculaa saddetivagoetdiag dégker 5 14... an internediate | ayer

.a perpendiisktkRindEeHAiAg | ayer 16... a protective layer 20... a
dOUb l €- suié a%%'o&mhatmn fayer |
13...a soft magnetic layer
5 1l4...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...adirection

16




21...a spindle 10 22...a polishing head 23...an arm 24...a rubber pad
25...activating pressing neans 26...a polishing tape 15 X...a direction 16
[Title of Docunment] Clain(s) [Caim1l A nethod of producing a

per pendi cul ar magnetic recording disk, said nethod conprising the steps
of ;. 5 polishing to make snoot her both surfaces of a substrate and
sequentlally formng a soft magnetic |ayer, a perpendicular recording |ayer
and a protective |layer on each of the polished surfaces of said substrate,
said soft magnetic |ayer being fornmed on the polished surface of said
subst r at-e[Tide bfiBocaineat]t | y oClaki(s) a foundati on |ayer in between; and 10
pO|IShIngKHQnﬁq e snoot her the surfaces of said soft nagnetlc Iayers said

perpendlcular di,ng | ayer.s bein d on sald sno urfa es
sai d soft mag ﬁ’f’g)}’grpgo Pefer BF&?&@F‘%}TEWF WASN g Feroy ’P ayer | n
bet ween. q%]} ‘5Wﬁﬂ%$ngﬁ be gtansod’ of claim 1 wherein the surfaces of sai d
sof t magneti ¢ pdliajiigs @r empké | sedthay @oth xearfpewst iofl @ pabsirhtengamdt hod.
%S[ ﬁ'og‘ 3%%%&1@115?%&9&@5 éblf@b;{ﬁg%teg?flﬁﬁéﬁ alsﬁé efn'di%%‘ialp?éctohc&ﬂ rl%glgf ﬁ g' 29
ol 1 ohi n ARBETBEHIE AR freh RCRR pelirgd Sgafa&e% falﬁrw%ﬁgﬁﬂ & Fiers. 25
[ O ai m 4150fh@agnepisdager bemafamgernithetnlisbe | sif arg fagradisubpiradsed onto
said eacditisardiseslyt drwitha foupddtiandagaiid Hetweehn;pard i cl e pol i shing met hod
furthgy  compriciRsiddie aia% %o&@m'mg S @falePBH AR SO EadGfetRNQGAL ngly 1N
a radial sa%&’ hge C&mt?lgr recox%mg %ayers rbemg formed on said smoothed surfaces
of said soft magnetic layers either directly or with an intermediate layer in -
between.

15 [Claim 2]
The method of claim 1 wherein the surfaces of said soft magnetic
layers are polished by a fixed particle polishing method.

[Claim 3]
20 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.

25
[Claim 4]

The method of claim 3 wherein the polishing tape is 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

30  direction of said substrate.

[Claim 5]
' The method of claim 3 wherein said polishing tape comprises a plastic
film and a polishing layer formed on a surface of said plastic film, said
35 polishing layer having abrading particles fastened with a resin binder, said
plastic film having a thickness of 5pm-100um, 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-5pm, said resin binder being a
40  polyester binder or a polyurethane binder.

17




[Claim51 The nethod of claim3 wherein said polishing tape conprises a
plastic filmand a polishing |ayer. formed on a surface of said plastic
film said 35 polishing |ayer having abrading particles fastened with a
~resin binder, said plastic film having a thickness of 5~Lm 100~Lm said
abrading particles being of one or nore materials selected fromthe group
consisting of alum num oxide, dianond, silica, ceriumoxide, ion oxide,
chrom um oxi de and silicon carbide with average di aneter of 0.02gm 5gm
said resin binder being a 40 polyester binder or a pol yurethane binder. 17
[Claim6] The nethod of claim 1l wherein said soft magnetic |ayer conprises
an anor pltgas @l | oy containing at |l east one nmaterial selected fromthe
group 5 consi and at | east pne_mmaterial. selected
Promthe orour AR o 18 fclaip Rirhebpit oot SgheQR TafH G Bl ol

[ O ai m 7] 2FRAEP %Foaqaamglavm.wesmade%k ﬁelﬁﬁ@ﬁefrpel thg &rowdnpri ses
an 10 al ¢amﬁis¢h1gdi]?ﬂ e abd Noastd ahkeasbore netesial sdbadd fframthbergupup

consi st i ngr@fstingeof 209, an@rwaam qu qusp agps&;material selected fromthe
group consi sting of Pt, Zr, Nb, , Ru and Si. 18

[Claim 7]
The method of claim 1 wherein said soft magnetic layer comprises an
10 alloy containing at least one material selected from the group consisting of
Fe, Co and Ni and at least one material selected from the group consisting of

Pt, Zr, Nb, Ti, Cr, Ru and Si.

18




