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TITLE OF THE INVENTION Method of Manufacturing a Perpendicular
Magnetic Recording 5 Medium, Method of Manufacturing a Substrate for
Said Recording Medium, a Medium and a Substrate Manufactured by the
Methods CROSS-REFERENCE TO RELATED APPLICATION 10 This
application is based on, and claims priority to, Japanese Patent
Application No. 2006-292757, filed on October 27, 2006, the contents of
which are incorporated herein by reference. BACKGROUND OF THE

i vention The present invention relates to a
THYEGIPNHE At erhs

of mantfacturing a "pérpendicular magnetic recording medium, a
method of manufacturing a 20 substrate for a perpendicular magnetic
recording medium, and a medium and a substrate manufactured by the

melRYFo @ STNPIAT P R ePeipe?RIfc DRP VRIS A RNl ing
recording system has been practically applied to achieve high density
Mewanetjdveadidib o fivtinn fincsiade ghaSutssacte fohBindReityrding
magnetic recording medium in place of a conventional longitudinal
Medigimatjarddedingsasid ra. Substoate Mami facginedrby thgddethods
recording medium, texture 5 processing is done to facilitate alignment of
magnetization in circumferential direction and prevent a magnetic head

f gdh ing to th f f ti di dium. The text
C]Br_OQm erin @ﬁ&:m%ﬁﬁa neI)ICIAI;%CI(J)iII@An,][‘eI(%III’\In e texiure
This application is based on, and claims priority to, Japanese Patent

Application No. 2006-292757, filed on October 27, 2006, the contents of

which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a method of manufacturing a
perpendicular magnetic recording medium, a method of manufacturing a
substrate for a perpendicular magnetic recording medium, and a medium

and a substrate manufactured by the method
2. Description of the Related Art

A perpendicular magnetic recording system has been practically applied

to achieve high density magnetic recording medium in place of a
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circumferential direction on a Ni-P plating layer of a nonmagnetic
substrate. The texture processing is normally carried out by pressing a
polishing tape 10 against the rotating nonmagnetic substrate having a Ni-P
plating layer while supplying slurry of abrasive material. In a perpendicular
magnetic recording system, in which magnetization is aligned vertically,
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surface results in less magnetic noise and better vertical alignment of
magnetization. Accordingly, it has been proposed in a series of steps of 20

mayipelyHRe RIBAANER SRR NS MeslbHb i %@&@ﬁ@%%@@&%ﬁm fiPure

on the surface of a nonmagnetic substrate having a Ni-P plating layer
preosspdsingsaloagnetifadtionting lipgdinentcofaiage etfiaidoioie sifbumferential
high accuracy, while omitting the texturing step in a circumferential
dirtictininraad piisvientd magnetesdeadfoonnadRarengAppthasurface of a
Publication No. 25 2005-216465 and Japanese Unexamined Patent )
magnnbgiscerdingtocdivneodthesssdsropeaanssia g ginesiing streaks in the
. texturing step.is omitted in the series of steps of manufacturing a )
cif, enEkH dHgGHOMU ardd ik BhEREdaYes f aapapagnetis:aibstrate.

a flat surface with hiﬁh accurac the surface of a nonmagnetic

The EXHEHRURS SN HORTIAY BrCbi o L ety B e pqiishing tape
~er e PSSR A SRR eyer while

supplying slurry of abrasive material.

In a perpendicular magnetic recording system, in which magnetization
is aligned vertically, texture traces in the circumferential direction aligns
magnetization in that direction and may inhibit from achieving low noise
performance required by magnetic recording. It is known in a perpendicular
magnetic recording system in general that higher accuracy in flatness of a
substrate surface results in less magnetic noise and better vertical alignment
of magnetization. Accordingly, it has been proposed in a series of steps of
manufacturing a magnetic recording medium to implement a polishing step
on the surface of a nonmagnetic substrate having a Ni-P plating layer
composing a magnetic recording medium to achieve a flat surface with high
accuracy, while omitting the texturing step in a circumferential direction, as
disclosed in Japanese Unexamined Patent Application Publication No.
2005-216465 and Japanese Unexamined Patent Application Publication No.
2005-149603, for example.
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lack of the texturing step that would have prevented the magnetic head
from adhering to the recording plane of the magnetic recording medium.
Meanwhile, flying height of a magnetic head is decreasing recently 10
accompanying along with enhancement of recording density of a magnetic
recording medium. A recording plane of such a magnetic recording

e I BT T R HEEAr 20 SEHLOL S ding

nla i p i i : i R .
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catFRIdSHR RS WBESRIPN S SHERELHIE RISH ‘&%?d@gﬂi? fREE face of a

which do not lead to head crash, but cause various typé€s ot noises Iin
noteathenetecubieraationin ghe Nadneldatiggda ﬂ%@ﬁﬁl@é@ﬂi of contact

Unexgmined Patent Applicatigr:@Publica ion N§ 2005- 353177, fotry
inexaveich towaenbretha grritiodhica d dvidahesrecoidingplasielofaheg

flying characteristic of a magnetic head, in which after a polishing step on
magnetidaseot dingimeduaticlaadengyter degradationod frredidbilies, harause of

formed in the circumferential direction on the smoothed surface of the 25
laclophthgrtantunng step. thahwaidd din e pseeeitics: thequmasnetia iead from

adial direc;‘t:'gl)n are ﬁFrét formed on tnte"hsurface of a nonmaqﬁnetic substrate

adheungdatds rrsg %&gé@%‘?n@ RITARSARLIC Besat agaRdIum.
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ac A B A R S O R RS 64 magnetic

reCOFYRE RIBEHECY ecording plane of such a magnetic recording

medium may suffer from head crash due to abnormal protrusions that may
be formed by the polishing step. The head crash damages the recording
plane of the magnetic recording medium. On a recording plane of a
magnetic recording medium of a perpendicular magnetic recording system
that is not processed by texturing, minute protrusions may be formed, which
do not lead to head crash, but cause various types of noises in read / write of

information by the magnetic head.

Japanese Unexamined Patent Application Publication No. 2005-
353177, for example, has proposed a method for solving this problem and
stabilizing flying characteristic of a magnetic head, in which after a polishing
step on the surface of a soft magnetic underlayer, fine streaks of irregularities
are formed in the circumferential direction on the smoothed surface of the
soft magnetic underlayer. In this method, fine streaks of irregularities in the

radial direction are first formed on the surface of a nonmagnetic substrate
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In a series of steps of manufacturing a conventional recording medium of
a longitudinal magnetic recording system, purposes of the texture
processing include enhancing magnetization alignment in the 10
circumferential direction and preventing a magnetic head from adhering to
the surface of the magnetic recording medium. The texture processing for

those purposes gives fine streaks in the circumgferential digection on.a Ni-P
o R o B RO R BN LRETbsB A RIARGEae Uniderlayer
_ : heat e ) .
is AP RIS SOLARE RO lOCFales B ioction BRUIRIRS. Nex,
thdaRAAYAISY the QWRintkserTednsie AURLE HAvBaR Ay géliﬁ%iné.

layer while supplying slurry of abrasive material. For the casé the textur
Subseessi enethtesbiiRdSuficEr sfaveasl wagmaiesanitRadayer, the

faults has been proposed, which uses slurry containing abrasive material,

finergaemk0afcitk e avities azpdoesaddnaxshinsiddvatdieréptibdativection.
Publication No. 2003-173517 proposes a texture processing that polishes
a nonmagnetic substrate, after polishing treatment on the substrate

surface, using a foamed polyurethane tape and slurry containing abrasive .
grdMFAcTansiehisities oA eaHigai R eeenveRtiangt maesdingmedium

o R BB S e
D e R AR A0 eI i hchimg

e R R e AR S
thekarREE O thiagRTktic recording medium. The texture processing for
those purposes gives fine streaks in the circumferential direction on a Ni-P
plating layer of the nonmagnetic substrate, as disclosed in Japanese
Unexamined Patent Application Publication No. 2003-49159. The fine
streaks in the circumferential direction are formed by pressing a polishing
tape against the rotating nonmagnetic substrate having a Ni-P plating layer
while supplying slurry of abrasive material. For the case the texture
processing generates protrusions or burrs, a means for suppress these faults
has been proposed, which uses slurry containing abrasive material, organic
acid, and water. Japanese Unexamined Patent Application Publication No.
2003-173517 proposes a texture processing that polishes a nonmagnetic
substrate, after polishing treatment on the substrate surface, using a foamed
polyurethane tape and slurry containing abrasive grains of colloidal silica (a
mean grain diameter in the range of 0.03 to 0.5 um and a concentration in

the range of 3 to 30 wt%) and an additive such as carboxylic acid.
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are formed on the smoothed surface of the underlayer, an additional step
must be done to remove remaining particles (scraped dust), which are
abnormal protrusions that can be formed in the polishing step. The
polishing step, which leaves random surface configuration, further involves
10 a problem of difficulty in flying of the magnetic head SUMMARY OF

e e B R TR R P i
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i-P alloy are automatically eliminated while assuring a flat surface with

srﬂwm@grt%r@wmfae@ odetieyendndarar ol e RARyuveittasas &ing texture
e

form at do not give adverse_effect on the magnetization alignment in
proeessipgnaivdl fineagredksrefareguisedies iarthécifaientagiahidirection
alignment in the vertical direction. To achieve the above object, a method

areffernathaurihe sosoeshethsutiacenaf teadmrderdayemanuad ditdganal step

method of manufacturing a substrate for the medium comprises a step of
muskberiose dOsEaMANE HMBAIRIAEP Y lirbey EscaAPRsHAS On which are

A A BB e
e e PR S B R it
a }%%f%fr{%ti’H@ﬁi&ﬁ?&%sﬁliﬂ%ﬁg‘r{?ﬁt‘l?e?ﬁ‘f&g?}ﬁﬁﬁf&@“ghness that

eaves texture traces promo agnetizati

SUMMARY OF THE INVENTION

In view of the above problems, it is an object of the present invention to
provide a method of manufacturing a perpendicular magnetic recording
medium and a method of manufacturing a substrate for a perpendicular
magnetic recording medium, in which abnormal protrusions on an
underlayer composed of a Ni-P alloy are automatically eliminated while
assuring a flat surface with high accuracy on the underlayer, and appropriate
texture traces are formed that do not give adverse effect on the
magnetization alignment in the perpendicular magnetic recording medium

and facilitate magnetization alignment in the vertical direction.

To achieve the above object, a method of manufacturing a
perpendicular magnetic recording medium and a method of manufacturing a

substrate for the medium comprises a step of texturing process in which a
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alignment in a vertical direction, using a second polishing tape made of a
porous material while supplying second slurry containing an organic acid
and a second abrasive material having a grain diameter smaller than a
mean 10 diameter of perforations of the second polishing tape. A
perpendicular magnetic recording medium and a substrate for the

P G R B RIS PR R0 atoy ot
SRS R 00 S BB of o
wRRHUAREE WS %%l?l\f?@tfﬁﬁt Shetep 86%&&"1?1%?&55'{1}‘5&%@?{{ I88d a first

out in which the surface ot thé underlayer made of a Ni-P alloy that has

abeasiy eratersesl b Ad resesnortiertdPeop tshistilng Rrpoehicl AXisR¢Ef the

such a surface roughness that leaves texture traces promoting
urmdeglmterapoocaiget &yt thihsteprofataitactiop pustess sepohidipedstormgich a
tape made of a porous material while supplying second slurry containing
suafaceyemiirghidssnihatskasyres dbrdsive iragesgromogrgnagielization
smaller than a mean diameter of perforations of the 25 second polishing
aligpmentvinde iiclcditestieBn StRiNB A SeeRNhReEshing fapaanade of a
protrusions an the querIay rare autom%tic lly 6 eliminated while

POFRIRARAGTAM Y Qe SU R 1 BiSRCRA ST Y HNtGBERG R, Qfggnic acid
oA R EA TELASH b RS R B B AL CEBINS NG Thah @ mean

G R BN ppe oK1

A perpendicular magnetic recording medium and a substrate for the

medium of the invention are manufactured by the methods as stated above.

As described above, in the method of manufacturing a perpendicular
magnetic recording medium and in the method of manufacturing a substrate
for a perpendicular magnetic recording medium according to the invention,
a step of texture polishing is carried out in which the surface of the
underlayer made of a Ni-P alloy that has been processed by a preceding step
of texturing process is polished to such a surface roughness that leaves
texture traces promoting magnetization alignment in the vertical direction,
using a second polishing tape made of a porous material while supplying
second slurry containing an organic acid and a second abrasive material
having a grain diameter smaller than a mean diameter of perforations of the
second polishing tape. By virtue of this featured constitution of the

invention, abnormal protrusions on the underlayer are automatically

6
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Figs. 1 is an enlarged partial sectional view showing a part of a 10
polishing tape and a part of a substrate that are used in an embodiment of
a method of manufacturing a perpendicular magnetic recording medium
according to the invention; Fig. 2 shows manufacturing steps in an
embodiment of a method of manufacturing a perpendicular magnetic

-recording medium_ according to t invention: Figs, 3(A) and 3(B) ar

el A TSI A fer SR S A B Ry A the
urj @%ER%?H pareTelol ' %{a Uﬁ ?@f ing to

un@éﬁlﬁi enfior?%)?a C se?g:tra? nonmeal%%(éjﬁg uén er Iz:\l%yzérao I- (glf%y and
mAHIHPAEBRIS R TRtNER Goval 2 resnesiYRY HigpeaiRaf

schematic construction of an essential part of a texture processing
magnetatuecsedipamedivanimecholia atbteesedf mffoutasiing Magnetization

perpendicular magnetic recording medium according to the invention; Fig.
aligmmnacside view of the texture processing apparatus shown in Fig. 4; 25

Fig. 6 illustrates operation of the texture processing apparatus shown in

Fig. 4; 7 Fig. 7 shows relationship between surface roughness and

rocessing. time in substrates of comparative examples and embodiment

BRIERIES R BERIIN QU ohE bk GSperformance and

surface roughness of a substrate in perpendicular magnetic recording

media of 5 comparative examples and embodiment examples; Fig. 9

ShBJ A8 AR YRk FElAWRRSIE PR BPRBWIHPA part of a

polishing tape and a part of a substrate that are used in an embodiment of a

 method of manufacturing a perpendicular magnetic recording medium

according to the invention,;

Fig. 2 shows manufacturing steps in an embodiment of a method of
manufacturing a perpendicular magnetic recording medium according to the
invention;

Figs. 3(A) and 3(B) are partial sectional views showing different
embodiments of a method of manufacturing a perpendicular magnetic
recording medium according to the invention for the cases of a nonmagnetic
underlayer of Ni-P alloy and a soft magnetic underlayer of Ni-P alloy,
respectively;

Fig. 4 shows a schematic construction of an essential part of a texture
processing apparatus used in an embodiment of a method of manufacturing
a perpendicular magnetic recording medium according to the invention;

Fig. 5 is a side view of the texture processing apparatus shown in Fig. 4;

Fig. 6 illustrates operation of the texture processing apparatus shown in

Fig. 4;
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magnetic recording media of comparative examples; Fig. 10 shows
measured values of touchdown height on perpendicular magnetic
recording media of embodiment examples; 10 Figs. 11(A), 11(B), 11(C),
and 11(D) are pictures of substrate surfaces taken by an atomic force
microscope, wherein Figs. 11(A), 11(B), and 11(C) are of embodiment

e S b BRIt gy stk Pfessing
i S R e A Al Gmipl R v s B hE et

113)s respRetE helaednd Al @éﬁ@géﬁ}ﬁ%@;ﬁ%ﬂ{éﬁ&f@%d surface

configuration of substrates taken by an atomic force microscope, wherein
rotighASé4 b pkalsamier i yepandiaibiocessattbic rekhradmemeaiid of
Ig. 13(B) is of an embodiment 20 example processed by D processing;
conmodr@s veAAmMHIB3, and ¢Aibpdiensatueamaniplesace configuration of
substrates take by an atomic force microscope in comparative and _
emBiglifahewsmpeaspredesadddasyof povdsdonynBhenglessingpempeadicular
processing, respectively. 25 8 DETAILED DESCRIPTION OF THE
m3gReto TORPEHNE IREAAOfCRMPRIRBESEX ABINGS; of manufacturing a
perpendicular magnetic recording mediym of an embodiment according to..
D i R R i GBI Bl BOH B o g6 & perpendicular

recording medi . .
magnetic ecorcﬁng media of embodiment examples;

Figs. 11(A), 11(B), 11(C), and 11(D) are pictures of substrate surfaces

taken by an atomic force microscope, wherein Figs. 11(A), 11(B), and 11(C)
are of embodiment examples processed by texture polishing for 5 sec, 10 sec,
and 30 sec, respectively, and Fig. 11(D) is of a comparative example
processed by texture processing only;

Figs. 12(A), 12(B), 12(C), and 12(D) show surface roughness data
corresponding to Figs. 11(A), 11(B), 11(C), and 11(D), respectively;

Figs. 13(A) and 13(B) are pictures of surface configuration of substrates
taken by an atomic force microscope, wherein Fig. 13(A) is of a comparative
example processed by polishing poly, and Fig. 13(B) is of an embodiment
example processed by D processing; and

Figs. 14(A), 14(B), and 14(C) are pictures of surface configuration of
substrates take by an atomic force microscope in comparative and
embodiment examples processed by A processing, B processing, and C

processing, respectively.
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manufactured by a method of the invention, in which Fig. 3(A) shows an
embodiment with a nonmagnetic underlayer 6 of Ni-P alloy and Fig. 3(B)
10 shows an embodiment with a soft magnetic underlayer 6. A
perpendicular magnetic recording medium 10 manufactured by the series
of steps shown in Fig. 2 comprises a pretreatment layer 4, an underlayer

D S e A S NI O i recoraing

layer 12, and 15 a protective layer 14 sequentially laminated on the
surface of a nonmagnetic base plate 2, The nonmagnetic base plate 2 is

prefegalysh@igs haseriea JTrougs iale inéBceBemAMmasReaifhg a

embodiment of a substrate for a perpendicular 20 magnetic recording
perpediticekoordugriet ibadvodio isredisisiuied cubsidimeninmiddinting to

a nonmagnetic base plate 2 and an underlayer 6 of Ni- P alloy provided on
thehaventaannetic base plate 2. Figs. 3(A) and 3(B) schematically show a

partial cross-section along the radial direction of a perpendicular magnetic

recording medium 10 composed of a perpendicular 25 magnetic recording

layer 12 and other layers formed on the substrate 22. Every layer.over the .

noRiigniie aBd R shaw lerpendiciHanmagnetinderpsding wedia
e e e RSB o s
e A A BT SR e 50
PO MBS, A perpndicuar
magnetic recording medium 10 manufactured by the series of steps shown in
Fig. 2 comprises a pretreatment layer 4, an underlayer 6 made of a Ni-P
alloy, a soft magnetic backing layer 7 (in the case of Fig. 3(A)), a
nonmagnetic seed layer 8, a perpendicular magnetic recording layer 12, and
a protective layer 14 sequentially laminated on the surface of a nonmagnetic

base plate 2,

The nonmagnetic base plate 2 is preferably a disk having a through hole
in the center. An aspect of embodiment of a substrate for a perpendicular
magnetic recording medium according to the invention is a disk-shaped
substrate 22 including a nonmagnetic base plate 2 and an underlayer 6 of Ni-
P alloy provided on the nonmagnetic base plate 2. Figs. 3(A) and 3(B)
schematically show a partial cross-section along the radial direction of a
perpendicular magnetic recording medium 10 composed of a perpendicular
magnetic recording layer 12 and other layers formed on the substrate 22.

Every layer over the nonmagnetic base plate 2 can be formed similarly on
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The pretreatment layer 4 formed on the surface of a nonmagnetic base 10
plate 2 of aluminum alloy is a zinc film formed by dipping in zincate
solution (a liquid containing zinc oxide and caustic soda solution). A
pretreatment layer, when formed on a nonmagnetic base plate made of
strengthened glass, crystallized glass, or plastics is generally treated for

the S Y Bl DG AR B R
hydrochloric acid and palladium chloride acidic solution with hydrochloric
acid. Physical evaporation techniques such as sputtering and ion plating

caTlsAdRHah iemas el NidtnAde b fenMdghaddchaterial, for

underlayer 6 laminated on the pretreatment layer 4 is composed of a

exannplegantiglonsbiiuneaikiie. NERefloy reodaagneted myapericbabyiesr than the

electroless plating method. An electroless plating layer of Ni-P alloy is

alunhstamialopnndgakistirea gthesdd gksanceystaibnadgglast)apolycarbonate,
about 25 10 wt% and exhibits soft magnetic property in the lower
potyokaftioyand oidwnplastiaresinter dysaracnagoete bassptateagnean be
Ni-P_alloy can_10 be used as at least a part.of a soft magnetic backing
magyasturse feamcsmah migiiiiscs g rieailpn M Rgin Fig.
3(B). A structure is yet possible in which a soft magnetic Ni-P alloy layer
is provided on a nonmagnetic Ni-P layer. In that structure, the present

inventi be 5 applied to gi th of tic Ni-P._. .
AR I ARl WD SRR RG A dtietic base
: ; lai . v <)
pléé{ﬁz ngr%’li.gl?égo ucgtliongl SsSASH IR AR RONS RF BY P HRIB HEMAAte
solution (a liquid containing zinc oxide and caustic soda solution).

A pretreatment layer, when formed on a nonmagnetic base plate made
of strengthened glass, crystallized glass, or plastics is generally treated for
activation in which palladium nuclei are precipitated on the surface of the
base plate by sequentially dipping in tin chloride acidic solution with
hydrochloric acid and palladium chloride acidic solution with hydrochloric
acid. Physical evaporation techniques such as sputteting and ion plating can

also be used to form a film of Ni, Ni-P, Cu, Cr, Fe, or Pd.

An underlayer 6 laminated on the pretreatment layer 4 is composed of a
nonmagnetic or soft magnetic N-P alloy and laminated by principally an
electroless plating method. An electroless plating layer of Ni-P alloy is
substantially nonmagnetic in a phosphorus concentration higher than about
10 wt% and exhibits soft magnetic property in the lower phosphorus

concentration. An underlayer 6 composed of a soft magnetic Ni-P alloy can

10
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at a low cost. However, other general techniques for film deposition
including physical evaporation techniques such as sputtering and ion
plating 10 can also be employed depending on required characteristics. In
the present specification, a substrate 22 is defined by a structure
including a nonmagnetic base plate 2 and an underlayer 6 composed of a

e b A A Y O e S DR e e S S e ticular
s S A R Rk S e s vee
poBsiBesabley Hileriplpift Wfagﬁ%@i@f[ﬁipraﬁ@i?%%mq&ﬁﬁ@iE%&@iﬂa

layer 12 composed of a magnetization film of a lamination of cobalt alloy

noxd ZhatNR hlpgdiculbn, thatusiedctiite, RBeQrresehelioxeationsean be

elements. A perpendicular magnetic recording layer 12 can be formed of
appiie dhtateith ¢ pe dar bisthe odrthegronimagnetictidhi i a ey éagéenudand the
magnetic recording medium. The examples include cobalt alloy and 25
sofianagnetredérdd allnatdayry ard AeddcRaaHavidg yegrisnpraferaklyidaminated
consisting of a CoCrPt alloy and an oxide of silicon or titanium, and a 11

by thg.rladtEQlsgsnlaHing e brRus dm i ¥ iRYeROSRE QiR ASSeRsOduction
PR R ARSS R e ey

in SRR 55 ) LGSR YSHREGLRY BB SJHELHY SRR fon placing
can also be employed depending on required characteristics. In the present
specification, a substrate 22 is defined by a structure including a
nonmagnetic base plate 2 and an underlayer 6 composed of a nonmagnetic

or soft magnetic Ni-P alloy layer formed on the base plate 2.

A nonmagnetic seed layer 8 is formed, on the underlayer 6, of a
material that favorably control crystal alignment and grain size of a
perpendicular magnetic recording layer 12 that is described later. Preferable
materials in the case of a perpendicular magnetic recording layer 12
composed of a magnetization film of a lamination of cobalt alloy and

platinum in particular, include Ti, Ru, Re, Os and alloys of these elements.

A perpendicular magnetic recording layer 12 can be formed of any
material that performs recording and reproduction in a perpendicular
magnetic recording medium. The examples include cobalt alloy and
platinum. Preferable materials are a material having a granular structure

consisting of a CoCrPt alloy and an oxide of silicon or titanium, and a

11
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10 The nonmagnetic seed layer 8, a perpendicular magnetic recording
layer 12, and a protective layer 14 can be formed by any thin film
formation method selected from a sputtering method, a CVD method, a
vacuum evaporation method, a plating method and the like. In the case of
the underlayer 6 of a nonmagnetic Ni-P alloy, a soft magnetic backing

el A et e Rl TRt obaitlayers and
1 fﬂ{{l?ﬁ%tdr%l@[ -lfﬂnqr(}%rgor example) or a soft magnetic seed layer
p 0 Cﬁ\lll e, P I exé

compaosed xample) may be further provided (not shown
in the figure) between the underlayer 6 of Ni-P alloy and the nonmagnetic
seed layer 8 in the case 20 without a soft magnetic backing layer (Fig.

3(5&)?&6@@@@9@1&@%&@ taYbeRls BREKAAYE it yhearpomagnetic
seed layer 8 in the case with the soft magnetic backing layer 7 (Fig. 3(A)).
Additional layers can be provided between the layers described above as

far as it does not adversely affect the performance of the existing layers.
Pafam thecpnadactvecayeri4, zoliguaddmbtecainiclayes {riatslaolen in the
example of a perpendicular magnetic recording medium in detail, though

figmeep asrpecterahly teameddonprlyinga draeid bipsieans stehxas

those in th pr?ésent specification. Referring to Fig. 2, the process of
peFEﬁWQHB ¥t 3%erpendicular magnetic recording medium 10 described

above is principally comprised of a 5 step of Ni-P plating S1, a step of
annealing S2, a step of polishing S3, a step of texturing S4, a step of

AR R PR e brine
la P PSUERRI RS AT R SRP LB BRAIHY any thin film formation
method selected from a sputtering method, a CVD method, a vacuum
evaporation method, a plating method and the like. In the case of the
underlayer 6 of a nonmagnetic Ni-P alloy, a soft magnetic backing layer 7
(Fig. 3(A)) is preferably formed between the underlayer 6 and the
nonmagnetic seed layer 8. Another nonmagnetic seed layer (composed of Pt,
Pd, or Ta, for example) or a soft magnetic seed layer (composed of CoNiFe,
for example) may be further provided (not shown in the figure) between the
underlayer 6 of Ni-P alloy and the nonmagnetic seed layer 8 in the case
without a soft magnetic backing layer (Fig. 3(B)), or between the soft
magnetic backing layer 7 and the nonmagnetic seed layer 8 in the case with
the soft magnetic backing layer 7 (Fig. 3(A)). Additional layers can be
provided between the layers described above as far as it does not adversely
affect the performance of the existing layers. Patent Document 2006-120231,
for example, discloses a favorable example of a perpendicular magnetic

recording medium in detail, though the names and representation of the

12
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S42. These steps will be described in the following. 10 The step of Ni-P
plating Si In the step of Ni-P plating S 1, when a nonmagnetic base plate 2
is an aluminum alloy base plate, the surface of the nonmagnetic base
plate 2 cut in a disk shape is first cleaned by alkali rinsing and acid
etching. The 15 cleaned nonmagnetic base plate 2 is then dipped in

e SR A A M R AT e AR R.

plate 2 of glass or silicon, a pretreatment layer 4 of an activation
treatment layer is formed in which palladium nuclei are formed on the

surfeshpfille RPFPIateche JBialy &%ﬁﬁ?&@dﬁﬁ@%mﬁéﬁ@féﬁﬁr

solution with hydrochloric acid and a palladium chloride Aci lution

magitichiciecapdinacidedivmalifedsseribededovetapeintfhallyNidin O|prlsed ofa

Cu, Cr, Fe, or Pd Is formed by means of a physical evaporation metho

stepucf d$ialsplarighethsteprehdomeiding SethetepoofpeolishingS3, a step
underlayer 6 is formed on the pretreatment layer 4 of the 13 nonmagnetic

of bax& g Dby Nstereltaplede g, ardtp stepoddiqy sblitbmeant
step of anneall S2, heat treatment is done on the nonma&netlc 5 base

appHgabiang HOGHsR9EiextHEng of isdeatised 1p, the present invention

rature ina re etermined range an determin eriod. A
angiéé) &S p@ texturlng pr Cess%ﬂ ag a step o(fa teg)(ture pollshlng

S42. These steps will be described in the following.

The step of Ni-P plating S1

In the step of Ni-P plating S1, when a nonmagnetic base plate 2 is an
aluminum alloy base plate, the surface of the nonmagnetic base plate 2 cut
in a disk shape is first cleaned by alkali rinsing and acid etching. The
cleaned nonmagnetic base plate 2 is then dipped in zincate solution, thereby
forming a pretreatment layer 4 of a zinc film having a predetermined
thickness. In the case of a nonmagnetic base plate 2 ef glass or silicon, a
pretreatment layer 4 of an activation treatrrtent layer 1s formed in which
palladium nuclei are formed on the surface of the base plate by sequentially
dipping in a tin chloride acidic solution with hydrochloric acid and a
palladium chloride acidic solution with hydrochloric acid. Alternatively, a
pretreatment layer 4 of Ni, Ni-P, Cu, Cr, Fe, or Pd is formed by means of a
physical evaporation method such as a sputtering method or an ion plating

method.

After that, an underlayer 6 is formed on the pretreatment layer 4 of the
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Polishing processing is done on the surface of the underlayer 6 for 10
smoothing the surface. A step of texturing S4 A step of texturing process
S41 In the step of texturing process S41, texture processing is done on
the 15 surface of the underlayer 6 of the substrate 22. The texture
processing is carried out using a texture processing apparatus shown in

Figs. 4, 5,.and 6. Ever ase of texture processing is controlled by a
no ﬂgpﬁﬁ]rf:( gﬁesm%z%e%ﬁ%eé&ﬁ%%iﬁﬂﬁ%écessing

apparatus. 20 The texture processing apparatus comprises: a chuck

mechanism 24 detachably holding the substrate 22 that has a hole in the

A %aty%ia@ﬂﬁéhﬂﬁgg@yer formed thereon, a rotary driving device 26

ting the chuck™ mechanism 24 together with the substrate 22

coppagiedtephsf inskalites!STise 2t ieRematishindonecania® s 88nagnetic
and 28B that press a part of 25 polishing tape 34 against the both surfaces

basé {lateiBshataRg thetumeltolas cpabisbkdtand caray subgielishing, atape
polishing mechanism shifting 14 devices 30A and 30B that bring the tape
tempigiaitiyr it apicrdst2gm ameid? 880 gp pod diting grredeseatinmedeperiod.
another along the center line of the chuck mechanism 24, an oscillation
device 32 that oscillates the tape polishing mechanisms 28A and 28B
simult?erjgﬁiin t%e radial direction of the 5 substrate 22, and slurry
CHSRINS R And 42B that supply slurry to the surface of the

R e B S P08 or
smiBG AR AR 3Raiadpat the cental

A step of texturing S4
A step of texturing process S41

In the step of texturing process S41, texture processing is done on the
surface of the underlayer 6 of the substrate 22. The texture processing is
carried out using a texture processing apparatus shown in Figs. 4, 5, and 6.
Every phase of the texture processing is controlled by a control unit (not

shown in the figures) for the texture processing apparatus.

The texture processing apparatus comprises: a chuck mechanism 24
detachably holding the substrate 22 that has a hole in the center and an
underlayer formed thereon, a rotary driving device 26 rotating the chuck
mechanism 24 together with the substrate 22 connected to the chuck
mechanism 24, tape polishing mechanisms 28 A and 28B that press a part of
polishing tape 34 against the both surfaces of the substrate 22 that are to be

polished and carry out polishing, a tape polishing mechanism shifting
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10 axis crosses the flat surface of the substrate 22 nearly at right angle.
The rotary driving device 26 is a drive motor, for example, and rotates the
substrate 22 and the chuck mechanism 24 at a rotating speed in the range
of 50 to 500 rpm. 15 The tape polishing mechanisms 28A and 28B
opposing each other interposing the substrate 22 therebetween have the

o e S B AR B 25
A S A A SRR chuc
méerIngeROlishind ipRgish aRFRSS 32/ 408 RMEEHEY ﬁl@%ﬁﬁrﬁtﬁelizsging

continuously fed polishing tape 34 against the surface of the su

méChamkeesI8A and e8Bosinlieineou SRR RIROEIERSNOBS the
the part of the polishing tape 34 25 hung between the press roller 40a and

subetfess 20| amdDslandytiseppitoisbt onslidiingdace 42 Bhthat beipesnsheary to
press roller 40a and the wind roller 40b. 15 The polishing tape 34 is non
thevsusfagpephthesisbsittabei@ X be hedptatessegdolishing tape 34 is
preferably a width covering the whole width in the radial direction of the
surface of the substrate 22 to be processed. 5 The wind roller 40b is

conpected to an output shaft of a drive motoy (not shown in the figures), . .
Bynfﬁ&r&ﬁmﬁf%qg}wm éﬂ%@w@ifi %O%é%qemmq&sméal axis with
roller 40c,is, moved.in the direction he.arrqws in ,Fig. 4 and, thr e
thE RO RNE G SRR rate s NS e Shialhag 30 That thE central
e ' e r olishi
A AR S b AR G RS b B @ Shele. The
rotary driving device 26 is a drive motor, for example, and rotates the
substrate 22 and the chuck mechanism 24 at a rotating speed in the range of

50 to 500 rpm.

The tape polishing mechanisms 28A and 28B opposing each other
interposing the substrate 22 therebetween have the same structure. So,
description is made on the tape polishing mechanism 28A only and a

description on the tape polishing mechanism 28 B is omitted.

The tape polishing mechanism 28 A comprises a feed roller 40c feeding
a polishing tape 34 (described later), a wind roller 40b winding the polishing

tape 34, a press roller 40a pressing a part of the continuously fed polishing -

hung between the press roller 40a and the feed roller 40c and the part of the
polishing tape 34 hung between the press roller 40a and the wind roller 40b.
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roller 40a is continuously made in new contact with the surface of the
substrate 22 to be processed. The tape polishing mechanisms 28A and
28B are provided with slurry supply sections 42A and 42B, respectively,
which supply slurry onto the surface of the substrate 22 to be processed.
The slurry 15 is a mixture of a surfactant and abrasive grains of

od T AR ETRE %é%rese BT eR SR RSB C T I wideh of
thé'@ﬁgstr;?ﬁ‘%lﬂ%ﬁessmé’ 1 aOQH sine heaiemgs Qe W19£1K1n the

be proc sse rdlng y, the slurry upply sections

radifl d2RARABINGRY ﬁﬂﬂﬁé@@?ﬁ?@ SR 2Da SRS HSCEdsed.

therebetween, as shown in the enlarged drawing of Fig. 6.” The slurry

supply sections 42A and 42B are moved together with the tape polishing

mechanism 28A and 28B. 25 In texture processing, the tape polishing

met henismmd 284l end @B Bsarenitefitethtovan tutpatvsditfy baitemve motor

separated from the surface of the substrate 22 to be processed, as
(notbawmbintteaigateshaRyimperaipa ofthediukshmaasonishe polishing

position indicated by the solid line in Fig. 4 along the center line of the

tag@@& &éfm) thedecdralicy Micismovednnithe dixgesiononf the arrows in
P RS R AR SSR in
1o Shlrllg su&%l?é%’ ?énq é%sﬁf%f S @sectg%%tlg Zb%g%%\%gggkﬁhe% §£1r¥]1(131ng tape
4t%%ﬁ%@ﬁﬁ§%ﬁ1MBW6ﬁ AN L PR APheTAY AT BE the press
roller 40a is continuously made in new contact with the surface of the
substrate 22 to be processed. The tape polishing mechanisms 28A and 28B
are provided with slurry supply sections 42A and 42B, respectively, which
supply slurry onto the surface of the substrate 22 to be processed. The slurry
is a mixture of a surfactant and abrasive grains of polycrystalline diamond,

for example.

The slurry supply sections 42A and 42B are arranged in the tape
polishing mechanism 28A and 28B with the tips of the slurry supply sections
opposing the surfaces of the substrate 22 to be processed. Accordingly, the
slurry supply sections 42A and 42B are arranged opposing each other with
the substrate 22 therebetween, as shown in the enlarged drawing of Fig. 6.
The slurry supply sections 42A and 42B are moved together with the tape
polishing mechanism 28A and 28B.

In texture processing, the tape polishing mechanisms 28A and 28B are
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10 oscillation device 32 as shown in Fig. 5 in the radial direction indicated
by the double-headed arrow. In Fig. 5, the length of the double-headed
arrow and the position of the polishing tape 34 indicated by the dotted line
are exaggerated for clear expression of the oscillation. 15 As a result,
predetermined multiple of grooves are formed in a nearly circumferential

el SRR A MRS AL B R
S S R A S MO A i .
to €66 ?81’1%‘ %fé@lﬁﬂﬁ?ﬂ?%&?ﬁﬂ" ﬁﬁ'&?@at@?ﬁﬁgtﬂﬁ'é%‘l?&*]%qiﬁrﬁi : t%ealong the

position separated from the processed surfacé of 25 the substrate b

cefape RaksbiNthesoritate DaNbieadeMikepiihang AEchanRriapAisfer

texture polishing S42 In the subSequent step of texture polishing S42 in

dekiges, 30pxoandsBtBof Theweapphshiof thepotidhnidanpeodd 30 peessad to the
the surface of the substrate 22 on which the step of texturing process S41

sutfaceafthasubstpisacl? Pamg presdsseds asshevpnlghienlargadiddawing of
out using the texture processing apparatus shown in Fig. 4 in which the

Figofswhdlexpecsibstegiacelisyratasivging thecdireeidonref araeueiwih the
herejnafter. The polishing tape 36 is made of a porous material, fQr
SR RGHIS SYPR &ﬁsfﬁ@%éﬁﬁp%farax SHBRIVIAGRERAR A ABA 42Bg At the
1. A mean_diameter Df%% erforatigns and a g‘tﬁ\/%f 1rir%;%tvi?oans Ofctrﬂgat d by th
saffié G4 RaRlshie merhabI SRR A AR Al orfated by the
osPAlZROE §8Gid€ 52 as shown in Fig. 5 in the radial direction indicated by
the double-headed arrow. In Fig. 5, the length of the double-headed arrow
and the position of the polishing tape 34 indicated by the dotted line are

exaggerated for clear expression of the oscillation.

As a result, predetermined multiple of grooves are formed in a nearly
circumferential direction on the underlayer 6 that is a surface of the substrate

22 being processed.

After completion of the texture processing on the whole processed
surface of the substrate 22, the slurry supply from the slurry supply sections
42A and 42B is stopped.

The tape polishing mechanisms 28A and 28B are stopped from working
and returned to the waiting position separated from the processed surface of

the substrate by the tape polishing mechanism transfer devices 30A and 30B.
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preferably a width covering the whole width in the radial direction of the
surface of the substrate 22 to be processed. 15 Usable slurry contains at
least an abrasive material 38 and an organic acid. The abrasive material
38 is preferably single crystal or polycrystalline diamond or colloidal silica
having a grain diameter smaller than the mean diameter Da of

A B RS SR B3251c0 be selected nom maleic acid. maic.
th
e e e R B8 R L 2 B 08essing of

teﬁ?ﬁﬁ'ér @H&ﬂaﬁg oA PBRIORS D ISUEUD e R IR herseE oLk

the underlayer 6 of the substrate 22. A surface roughness (arithmetic

subeaeRmesshithatios epaifed rindengysrdresdBuduhasaieds 22

can be made no larger than 0.5 nm (5 A), more preferably in a range of
acodraplisired.2 hine pedepssinpudf textbrepdlistengestyaafied deaningng the
and drying (not shown in Fig. 2), the sputtering step S5 in Fig. 2 forms a
textomn pyoctssagidppardtas shpamdicuiBrgndgetichisio thiaglalishing tape 34
_anda protectlve layer 14 by sequentially laminating on the polished
is weplass drheapabishyaed edaatgpa&émsgrm%sﬁ@maﬁer
example. 10 A step of liquid lubricant application S6 Finally, a liquid
lubricant layer is applied and formed on the protective

The polishing tape 36 is made of a porous material, for example, a

urethane foam pad, as shown in the enlarged view of Fig. 1. A mean

- diameter Da of perforations and a rate of perforations of the urethane foam

pad are 40 um and 25 %, respectively. The width of the polishing tape 36 is
preferably a width covering the whole width in the radial direction of the

surface of the substrate 22 to be processed.

Usable slurry contains at least an abrasive material 38 and an organic
acid. The abrasive material 38 is preferably single crystal or polycrystalline
diamond or colloidal silica having a grain diameter smaller than the mean
diameter Da of perforations of the polishing tape 36. The organic acid is
citric acid, for example. The organic acid can also be selected from maleic
acid, malic acid, phosphoric acid, succinic acid, formic acid, a mixture of

these acids, and a mixture of the mixed acid and a surfactant.

This processing of texture polishing forms an appropriate texture trace
on the surface of the underlayer 6 of the substrate 22. A surface roughness

(arithmetic mean roughness) Ra of the obtained underlayer 6 of the substrate
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layer 14 in the step of liquid lubricant application S6. Thus, a perpendicular
magnetic recording medium 10 is obtained. 15 Examples Example 1
Manufacturing a substrate 20 A disk of 3.5 inch diameter of an Al-5 wt%
Mg alloy was prepared for a nonmagnetic base plate 2. After cleaning the
surface by alkali cleaning and acid etching, zincate (substitution zinc

2B MR R AR BT e S R TR L 15 panee of

0 \fﬁ&?oq)nzeﬂélfging a commercially 25 available electroless Ni-P plating
“'solution for hard disk substrates (Nimuden HDX manufactured by

C.Uyemura & Co., Ltd.) in a plating bath controlled 19 at a Ni
concentration of 6.0 0.1 g/L, pH 4.5 0.1, and liquid temperature 92 1C.

A S vfsputebizspl8Fus concentration of the nonmagnetic Ni-P plating
film was 12 wt%. Then, annealing was done at 250 C for 30 min and the
suSasequsentbgthdterdchsamatishand SThiong @otrehoeaesaidgigad), the
carried out according to the step of texturing process S41 as described

sppttsitnglstagipapdiigin fopasaneanneagnatisrreetiayatdina width
of abqut 4 cm and slurry containing ;about 0.1 wt% of poltygcr istalline

perpsRdician RAsNGTIG s atsagelayerold o8 @ Rrafacibvitlayer 14 by

se QR L o e o S R Seete: AFIREEAAEASRE% by means

of a sputtering method, for example.

A step of liquid lubricant application S6
Finally, a liquid lubricant layer is applied and formed on the protective
layer 14 in the step of liquid lubricant application S6. Thus, a perpendicular

magnetic recording medium 10 is obtained.
Examples

Example 1
Manufacturing a substrate

A disk of 3.5 inch diameter of an Al-5 wt% Mg alloy was prepared for a
nonmagnetic base plate 2. After cleaning the surface by alkali cleaning and
acid etching, zincate (substitution zinc plating) was made for a prétreatment
layer of electroless Ni-P plating. Then, a nonmagnetic underlayer of Ni-P
alloy with a thickness of about 13 um was formed using a commercially
available electroless Ni-P plating solution for hard disk substrates (Nimuden

HDX manufactured by C.Uyemura & Co., Ltd.) in a plating bath controlled
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nitrile rubber with a hardness of 50 duro, and a pressure on the polishing
tape of 1.5 kgf/cm2. The winding speed of the polishing tape was 35
mm/min, the oscillation frequency was 5 Hz, oscillation amplitude was 1
15 mm, and the slurry supply rate was 20 rnL/min. The time for the texture
processing was 20 sec for a disk including simultaneous processing on

athoNi tronicendratrksof& s+ 0ithmglic pERd HugiésaRd lgaid temperature

measured on the surface of the obtained disk substrate having texture
92tracEY re it gver Rzeophdsphoned direcemtraésing bt hexnoapighietgc Ni-P
was done on the substrate 22 varying polishing time and type of slurry )
plagagditigiyase ey Slaextiienp annaalingedsadenihal 6 i6udiprd0 min
in several substrates 22. The conditiorﬁ_in the texture polishing were

opt
ang Ehginy Fasrmaotienedly pols #8&pm, a press roller made

of nitrile rubber with a hardness of 50 duro, and a pressure on the
polishing tape of 1.5 kgf/cm2. The winding speed of 20 the polishing tape

wad Tof R e B R SR AR R R e o
tegﬁg@gg e expe%srﬁgtgﬁgséﬁr{ﬁégﬁ%Q{E%@i?gg %%rtgseh%gﬁ%g of non

WYHARIIRUIBIeSH GRS WieRR GLIPesIRah arditiRIApEssRaining

represents polishing time (sec). The 10 characteristic lines L1 and L2

abrhovOsuietk rof poigssymtdtiénendedtayend ofishhanmeangiiaiti-Biatogter of
layer of the substrates 22 processed by the texture
0.05 um and a coolant material. The conditions in the texture processing
were a rotating speed of the disk substrate of 400 rpm, a press roller made of
nitrile rubber with a hardness of 50 duro, and a pressure on the polishing
tape of 1.5 kgf/cm®. The winding speed of the polishing tape was 35
mm/min, the oscillation frequency was 5 Hz, oscillation amplitude was 1
mm, and the slurry supply rate was 20 mL/min. The time for the texture
processing was 20 sec for a disk including simultaneous processing on both
front and back surfaces. Arithmetic mean roughness Ra was measured on

the surface of the obtained disk substrate having texture traces, resulting in

Ra of 0.15 nm.

Then processing of texture polishing was done on the substrate 22
varying polishing time and type of slurry according to the step of texture
polishing S42 as described previously to obtain several substrates 22. The
conditions in the texture polishing were a rotating speed of the disk substrate
of 400 rpm, a press roller made of nitrile rubber with a hardness of 50 duro,

and a pressure on the polishing tape of 1.5 kgf/cm?®. The winding speed of
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polishing for various times using two types of slurry. The characteristic line
L1 was obtained on the substrates 22 of 15 comparative examples that
were polished using slurry of citric acid (3 % solution) only; the
characteristic line L2 was obtained on the substrates 22 of embodiment
examples that were polished using slurry additionally containing 0.2 wt%

th@fp@ﬂixm@gata?ﬁ HAH BB A MR &M@&@Iﬁi&pﬁqﬁkwmyis Hz,
‘ 0

acid solution. The Ra values were obtained using results of 20 surface

osciitdigoratonpitasie ewasni iy meamslafmnshtnmycsiopgs ynfatesemse20 m1L./min.
(AFM) over a surface area of 10pm square and in conformity with the
arithmetic mean roughness Ra specified in Japanese Industrial Standards
JIS B0O601. 25 As shown by the characteristic line LI and the characteristic
Evsation tigSurtascaromgbmenscahtitigabstate(Ramyadusaebtaiaed by
AI;;‘;ﬁt?ﬁessing time 21 (polishing time) of about 30 sec in the both cases. The
metic mean roughness Ra has been reduced twice the more

effﬁctive}y' the gharacteristic lin a[tieth n in the characteristic line L 1
from'the 8 AMNES gﬁﬁgglﬁg%?ﬁ §@B of texture polishing. 5
Manufacturing perpendicular magnetic recording media Perpendicular
magnetic recording media 10 as shown in Fig. 3(A) were manufactured by

formngig PPRRBAT WAL IEYBBHE SRR NG dRYeAde RS RSN RifTEhPRetic

various types of disk substrates 22 on which the steps tothe 10 step of
méEPHUGUENRRRIRAY, AR threataRikes Rebrekea iayrssishhepttionciisec). The
substrates were the same as those of "Example 1" in Japanese
characteristic lines L.1 and L2 show surface roughness on the underlayer 6 of
a nonmagnetic Ni-P alloy layer of the substrates 22 processed by the texture

polishing for various times using two types of slurry.

The characteristic line L1 was obtained on the substrates 22 of
comparative examples that were polished using slurry of citric acid (3 %
solution) only; the characteristic line L2 was obtained on the substrates 22 of
embodiment examples that were polished using slurry additionally
containing 0.2 wt% of polycrystalline diamond (mean grain diameter of 0.05
um) in the citric acid solution. The Ra values were obtained using results of
surface configuration measurement by means of an atomic force microscope
(AFM) over a surface area of 10um square and in conformity with the

arithmetic mean roughness Ra specified in Japanese Industrial Standards

JIS B0601.

As shown by the characteristic line L1 and the characteristic line L2 in

Fig. 7, the arithmetic mean roughness Ra (nm) saturates at a processing time
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Unexamined Patent Application Publication No. 2006-120231.) A
substrate 22 after completion of the steps to texture polishing S42 was 15
cleaned and dried, and introduced into a sputtering apparatus, and a
CoZrNb amorphous soft magnetic backing layer 7 was deposited to a
thickness of 160 nm using a target of Co3Zr5Nb (the numeral represents

(pehstanigotitiefef@ft80tbecinndialbodi%asegreJanting Blatie it mean
zirconium, 5 at% of niobium, and the remainder of cobalt; applicable 20
rohghmiesitdia hashechartibecadttwagedhie sneddaskiectiveliih thet
shown in the figure) was deposited using a target of Co35Ni4Fe.
chaastegirsiajineHuw’ndianagnthe shagagferisivabinedobiféama the texture
thickness, of 10 nm using a Ru target under an argon gas pressure of 4.0
rORENNSH8RERIRNE FER O IENA - RGHSRI R ording layer 12 of
CoCrPt-Si02 25 10 nm thick was deposited under a gas pressure of 5.3
Pa using a target of 90 mol% (Co12Crl4Pt) - 10 mol% (Si02). Finally, a

T e

car om the vaguum chamber. Beposition of the layers

Xl et R 1NABASHE KR5S ITPRRRROIC g, 3(A) were

12 of CoCrPt-S102 was carrie
m@ﬁ@ﬁﬁ&%ﬁ@@ﬁﬂ@rﬁﬁ&@aﬁ?&ﬁ@ﬁ%ﬁﬁﬁgﬁéﬂ@%@ﬁfdﬁﬁg@?@r 12 and
r

layer 12 of CoCrPt-SiO2 was formed by means of an RF magnetron

otlspvtiaviegsroeivertions ptheslafetskaiehdorates 2 veanhflathe steps to the
magnetron sputtering method. After that, a liquid lubricant layer 2 nm thick

stepasfitextrofudifhong 84 2thavisybeelipparyiedethutd. (The, layers except for
perpendicular magnetic recording medium 10 was 10 manufactured.
the substrates were the same as those of “Example 1” in Japanese

Unexamined Patent Application Publication No. 2006-120231.)

A substrate 22 after completion of the steps to texture polishing S42 was
cleaned and dried, and introduced into a sputtering apparatus, and a
CoZrNb amorphous soft magnetic backing layer 7 was deposited to a
thickness of 160 nm using a target of Co3Zr5Nb (the numeral represents
content of the element after the numeral in at%; representing 3 at% of
zirconium, 5 at% of niobium, and the remainder of cobalt; applicable
hereinafter). Then, a CoNiFe soft magnetic seed layer 6 nm thick (not
shown in the figure) was deposited using a target of Co35Ni4Fe.
Subsequently, a Ru nonmagnetic seed layer 8 was deposited to a thickness
of 10 nm using a Ru target under an argon gas pressure of 4.0 Pa.
Subsequently, a perpendicular magnetic recording layer 12 of CoCrPt-SiO,
10 nm thick was deposited under a gas pressure of 5.3 Pa using a target of 90

mol% (Co12Cr14Pt) — 10 mol% (SiO,). Finally, a protective layer 14 of
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Evaluation 2: noise performance of magnetic recording media Fig. 8
shows results of comparative experiments on perpendicular magnetic
recording media 10 studied by the inventors. Fig. 8 shows noise 15
performance of the perpendicular magnetic recording media 10 using
substrates 22 that were polished with the types of slurry mentioned

carbeyidlisim Ithiick S/dbelepiniied eygneattdhecteiseatonnanckdRttacted
ratio [dB]) and the abscissa represents arithmetic mean roughness Ra
froafieth@roaessing ohtxiber pdlsipiogitivtheStinstaye e Xbemréph the Ru
consists of 20 measured values on the substrates of comparative
nosraagei e serdlayaniSraadihepspensticie magneticagsony ang/layer 12
and the Praph L2 is for substrates 22 of embodiment examples that were

Of feGrdfuaihly AR/ AR RAH EOARK ARG B0 ERS MISHEHEARKLOT Pa. The

PR R R VG S GO i by
measupn i@rument WAZ2002, manufact r%?glb%é? Zi Te(‘lhnical

mednd gfdn KE pagcionsputeRinE mehadsand iher TAVEES were

ol SIRI RS PR IRERCE R MR M o tuid

uBRRARINTAGEE MPAA HIRINRAES RN DESRUMISD HRFENRR5 o SifSping

apparent from Figs. 7 5 and 8, it has been confirmed, In the processing o

méehtvde PPhsiyng peinseaiiaaikhtimh ectiiditened afpasivd grans®ivas

diamond achieves mirror finish more efficiently and brings about aimed
maedtactaredin a shorter time. Example 2 10 A comparative study was

done by the inventors on the effect of the type
Evaluation 2: noise performance of magnetic recording media

Fig. 8 shows results of comparative experiments on perpendicular

magnetic recording media 10 studied by the inventors. Fig. 8 shows noise
perforrhance of the perpendicular magnetic recording media 10 using
substrates 22 that were polished with the types of slurry mentioned
previously. In Fig. 8, the ordinate represents the noise performance (S/N
ratio [dB]) and the abscissa represents arithmetic mean roughness Ra after
processing of texture polishing on the substrate 22. The graph L1 consists of
measured values on the substrates of comparative examples that were
polished with a slurry of citric acid (3 % solution) only, and the graph L2 is
for substrates 22 of embodiment examples that were polished using slurry
additionally containing 0.2 wt% of polycrystalline diamond (mean grain
diameter of 0.05 um) in the citric acid solution. The noise performance

(S/N ratio [dB]) was measured by a noise measuring instrument (RWA2002

manufactured by Guzik Technical Enterprises Corporation).
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of slurry replacing the slurry of a citric solution containing 0.2 wt% of
polycrystalline diamond (having a mean grain diameter of 0.05 dam) by a
slurry containing colloidal silica in place of the polycrystalline diamond. 15
The abrasive grains of colloidal silica used in this slurry was a mixture of a
colloidal silica with a grain diameter of 40 nm and a colloidal silica with a

oradsdnmspareht FrammintibezpapipitioreidBgraph P2 % Mgl i8,tbke noise
slurry was maleic acid. Other conditions were the same as in the example
perfoffigamcedsTire constlates? vithdibe mribhnegticrimeanwereghmisstdta after
to four types of different processing: A, B, C, and D processing. The A
the praecssingofitedwe pekshing resitgianitherethmetisgnean
processing, which uses a non woven fabric and a g#;srry containing cluster_

o 8 Bty Q¥ 6 MR e BRIASI PERHOBMANCS siA iR APRaRAL from Figs. 7
opventional longitudipal texture processing once and followin ishing .

an] B dLdiag DS MBS et DR (o ME TbHA R HSBAnE sing an
rasive,grai i I ' [ nt materi .

e O S B T e A s

urry. processing Inc € conventional Tongitudinal texture

mFCFRARIFE RN b ipAIon, AR PEPRSATAA LS Y NG RAYEF Hgne.
tape 36, i(ﬁg a%rasive g%éi%s %?lm%ute poﬁﬁy)/crysta ?rleégamé;%%qng the ©
slurry using 3 % citric acid. The D processing includes the conventional
longitudinal texture processing once and following two times of polishing
Exaginglthe polishing tape 36, the abrasive grains of colloidal silica, and the
slurry using 3 % citric acid, the processing being carried out by means of
theAesomepanatessistudy was done by the inventors on the effect of the type
of slurry replacing the slurry of a citric solution containing 0.2 wt% of
polycrystalline diamond (having a mean grain diameter of 0.05 um) by a

slurry containing colloidal silica in place of the polycrystalline diamond.

The abrasive grains of colloidal silica used in this slurry was a mixture
of a colloidal silica with a grain diameter of 40 nm and a colloidal silica with
a grain diameter of 10 nm in the proportion of 80 % to 20 %. Acid in the
slurry was maleic acid. Other conditions were the same as in the example of

Fig. 7.

The substrates 22 studied in this experiment were subjected to four
types of different processing: A, B, C, and D processing. The A processing
includes two times of conventional longitudinal texturing processing, which
uses a non woven fabric and a slurry containing cluster diamond and a
coolant material. The B processing includes the conventional longitudinal

texture processing once and following polishing processing using the
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10 apparatus. It has been confirmed in the study by the inventors that the

A processing, which is a comparative example, generated a surface

configuration having large arithmetic mean roughness Ra and sharp

texture 15 traces, which are not suited for perpendicular magnetic

recording media but suited for longitudinal (in-plane) magnetic recording
potishliagTiap & 36r doftbiegireticinis foaem pad)ivabraivdgradasisbripéante

confirmed to generate a surface configuration having rather low arithmetic
potyeaystallihecia Rond:;, landry epalanematertadetomtlictryendsie C

make in-plane 20 alignment of magnetization. The C processing and the
procgrstagdingludasiiheccompeatiamal dengprd mabiaxigte processing once

inventign, have been_confirmed to produce a surface .configuration
Ang A QIR RG RRUSRNE RIOSSSSANSE & e a0 BIREARG 2 The

o B RN A S SR B ing 5
U T R e S

pr&@@éﬁﬁ%éﬁ&fé‘%ﬁlﬂf fﬁﬁﬁﬂﬁag%%%ﬁé%‘@f* i@lﬁfﬁ%ﬁ%ﬁﬂ%l@shmg

processing, C processing, and” 5 D processing, respect

tapbOes theualbaesioughnans offaatlsalestAc B eRIMPRISNYENEIRMIBE % citric

processed by the A processing; Fig. 14(B) shows a surface roughness of
acédsthetpte &ssfrggdoeingrativei ek avap b procensedbyitbedkfidre processing

processing; Fig. 14(C) shows a surface roughness of a substrate 22 of an
apparatus.

It has been confirmed in the study by the inventors that the A
processing, which is a comparative example, generated a surface
configuration having large arithmetic mean roughness Ra and sharp texture
traces, which are not suited for perpendicular magnetic recording media but
suited for longitudinal (in-plane) magnetic recording media. The B
processing, which is a comparative example, has also been confirmed to
generate a surface configuration having rather low arithmetic mean
roughness Ra but leaving sharp texture traces, which tends to make in-plane

alignment of magnetization.

The C processing and the D processing, which are embodiment
examples according to the invention, have been confirmed to produce a
surface configuration achieving a low arithmetic mean roughness Ra and
eliminating a sharp texture trace, and thus, demonstrating favorable for

perpendicular magnetic recording media.
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embodiment example processed by C processing; and Fig. 13(B) shows a
surface roughness of a substrate 22 of an embodiment example
processed by D processing. Fig. 13(A) shows a surface roughness
(arithmetic mean roughness Ra: 0.230 (nm)) of a substrate 22 of a
comparative example 15 processed by polishing only. The values of

aritigstid 4(2e)) lol(@))elsy(R3, vaerd 0XE) st 01F30emougliess Ra (nm)

substrates 22 of comparative examples processed by A processing
ob¢shned byRineasiaingrihe suotzcsiraughnessibFim e pf mamtoivaly force
20 These values are larger than 0.2 nm and rather large values.
mMIEkHSOPR tAd M iscassitpaa amea ofploedséing iosoarasiace ofithe
f arithmetjc mean royghness Ra were 0.101 and 0.119 nm.in the |
Sugéﬁéﬂiﬁ 2?%9%%%653&}{ REESSHBEN Iﬁ@??ﬁ%é}&% prycessing, and

13%8#, respectively. These values are a little larger than 0.1 nm and

D Qﬁ F‘c‘éﬁﬁ%sﬁéﬁ’y%‘ih\é%fyzs exhibiting a surface configuration of a
substrate that is appropriate for perpendicular magnetic recording media.
It has been therefore 26 demonstrated that the mirror finishing of a

Suqﬁgtf@wfgﬁﬁﬁé%%ﬁ&éﬁ%@gfﬁf@é% %rﬁw%ijégﬁﬁ?@%bsgfzé comparative

sim fy to'or'even ter than the abrasive grains lamond.

ti9Fbe r b@eqﬁﬁ%@ g (A gy
exi( )?1%%%%@%%95. 2(A), % 1 (é}) S o?/vtg?gsﬁsgcr)? the ©

rogighieshythe suntetiate &0 dftheefieptrrative esssinplinprofebse debtuitthe B

polishing on the surface roughness on the substrates 22. 10 Figs. 11(A),

pracyingy Hig C) 4(€ prhares akarfacanraughindsscef msubstrate @2tbf an
surface of the substrates 22 of embodiment examples )

embodiment example processed by C processing; and Fig. 13(B) shows a

surface roughness of a substrate 22 of an embodiment example processed by

D processing. Fig. 13(A) shows a surface roughness (arithmetic mean

roughness Ra: 0.230 (nm)) of a substrate 22 of a comparative example

processed by polishing only.

The values of arithmetic mean roughness Ra were 0.262 nm and 0.230
nm in the substrates 22 of comparative examples processed by A processing
(shown in Fig. 14(A)) and B processing (shown in Fig. 14(B)), respectively.
These values are larger than 0.2 nm and rather large values. Employing the
C processing and the D processing, in contrast, the values of arithmetic
mean roughness Ra were 0.101 nm and 0.119 nm in the substrates 22 of
embodiment examples shown in Fig. 14(C) and Fig. 13(B), respectively.
These values are a little larger than 0.1 nm and significantly small values,
exhibiting a surface configuration of a substrate that is appropriate for

perpendicular magnetic recording media. It has been therefore
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obtained after the texture polishing for processing time of 5 sec, 10 sec,
and 30 sec, respectively. Figs. 12(A), 12(B), and 12(C) show the data of
surface roughness obtained on the respective substrates. Figs. 11(D) and
12(D) show 15 an AFM picture and a surface roughness data,
respectively, on the surface of a substrate 22 of a comparative example

deprionesisacedythivet ttheumiproeedaishinglpfAssabgtratersirdaceigspossible using
11(A), 11(B), 11(C) and Figs. 12(A), 12(B), 20 12(C), the step of texture
abpasishirgr sus lefscallnirdad s tmassomitarutiacer ovdre battepithian theabrasive
(an underlayer) 6. The texture traces in the circumferential direction can
grdﬂ@ﬁeﬁﬁrﬁéﬁiﬁ@ﬁﬁbpriate degree even after the step of texture polishing
using an acid and a urethane foam pad as described previously. Thus, a
surface configuration has been obtained having slightly 25 remained

e
b j i ng ti f
ot T R e S T
th%%%aﬁx%ﬁ@ﬁjﬂ& WIHO %ﬁé‘@%ﬁt@%@’?ﬂéé&%‘i‘ﬂg THRE Sfthe

g a recording density of a magnetic recording medium and

teﬁf@ﬁ@w@hﬁ@g%mh@wm@m?ﬁ@%wqﬁé i tEés 22.

touch-down height is a height at which a test head first comes in contact

with the magnetic recording medium during the rotating speed of the

medium is gradually decreased while the test head flying over the

Figs. 11(A), 11(B), and 11(C) are pictures taken by an atomic force

microscope on the surface of the substrates 22 of embodiment examples
obtained after the texture polishing for processing time of 5 sec, 10 sec, and
30 sec, respectively. Figs. 12(A), 12(B), and 12(C) show the data of surface
roughness obtained on the respective substrates. Figs. 11(D) and 12(D) show
an AFM picture and a surface roughness data, respectively, on the surface of
a substrate 22 of a comparative example processed by the texture processing

only.

As is apparent from Figs. 11(A), 11(B), 11(C) and Figs. 12(A), 12(B),
12(C), the step of texture polishing S42 has eliminated flaws on the surface
of the Ni-P plating layer (an underlayer) 6. The texture traces in the
circumferential direction can be left in an appropriate degree even after the
step of texture polishing using an acid and a urethane foam pad as described
previously. Thus, a surface configuration has been obtained having slightly
remained texture traces. It has been confirmed by the inventor that the

arithmetic mean roughness Ra of the surface configuration on the substrate
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medium. 15 The touch-down height was measured by a testing machine
(RQ7800 manufactured by Hitachi DECO Company). The testing machine
has a collision signal generator that is attached on the test head and
generates a voltage on collision with the test piece. The test head is set at
a predetermined radial position of the magnetic recording medium.

caivbéatidjugte dftiyeconitagl in gndes procdssimg thenetefithsseepl of texture
medium is gradually decreased. The flying height of the magnetic head

pohishin measured in advance as a function of the rotating speed of the
medium by an instrument for measuring a flying height of the test head.
Consequently, the flying height of the test head can be obtained from a

rotating speed value, . 25 Concerning the relationship between the flying )
BV B SRR R MR O REB G NE S P ETRGGIFRIRT magnetic

recqrding medium, a relationship is applicable that the higher recording
re%ﬁgﬂ&%@mlower flying height of a magnetic head. Accordingly, a

recrd ens| -y, ing.the t - [ .

e e AR R Wi
defiSigptoreshtd Y8 %@dfﬁﬁ?@f@g}@?ﬁ’cé’\@?@ﬁﬁ%rmal

abnormal protrusions such as particles are pres n the substrate

prégrfﬁﬁgn@@fpacguggwgtbqjglﬂfdggptected high because of collision 10 of
the abnormal protrusions on the test head. Therefore, presence of

ab_normal protrusions can also be evaluated by measuring the touch-down

helgxh:ouch-down height is a height at which a test head first comes in
contact with the magnetic recording medium during the rotating speed of
the medium is gradually decreased while the test head flying over the

medium.

The touch-down height was measured by a testing machine (RQ7800
manufactured by Hitachi DECO Company). The testing machine has a
collision signal generator that is attached on the test head and generates a
voltage on collision with the test piece. The test head is set at a
predetermined radial position of the magnetic recording medium. Variation
of the voltage is measured during the rotating speed of the medium is
gradually decreased. The flying height of the magnetic head has been
measured in advance as a function of the rotating speed of the medium by
an instrument for measuring a flying height of the test head. Consequently,

the flying height of the test head can be obtained from a rotating speed value.

Concerning the relationship between the flying height of a magnetic
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Accordingly, measurement of touch-down height was carried out on 15
the perpendicular magnetic recording media of comparative experimental
examples studies by the inventors. Fig. 9 shows the results of the
touch-down height measurement on the perpendicular magnetic recording
media of comparative examples with an 20 underlayer 6 of the substrate

head andviieh redshiing derstipofiassagahetxersdodding exddiim, a
processing was not executed. Fig. 10 shows the results of the touch-down

relhtighshignssappdicabiatbaetherhlighier neagprding demsiityy nesdla tloe lower
of embodiment examples with an underlayer 6 of the substrate 22 which

flyimgapiglatiob ® megasticdisadxadprordmglyeacreeptsingydeasity can be

10, the ordinate represents the vaoltage from 29 the collision s
i

ev 0P %IHEASABBALE (KR HR R ﬂ@ﬁ@@ﬁ@%ﬁﬂbé&%%@ It can be
S

m, 30 mm, and 40 mm, respectively. 5 As is clearly
reé%?@ﬁ%%i%%g aracteristic lines of L1, L2, and L3 in Fig. 9, the

perpendicular magnetic recording media of comparative examples
generated the voltage due to collision of the test head at the flying height

of Wrptasttheathiopih BpectPudibnl savtiess fetelReadcyR¥sent on the

magnetic 10 recording media of embodiment examples, as is apparent

substiateesoiface! ehstinlinds dow2 lerighSin detedtedehighitbestaiie of collision
flying performance at the flying height of the test head down to 4 to 6 nm.
of the abnormal protrusions on the test head. Therefore, presence of

abnormal protrusions can also be evaluated by measuring the touch-down

height.

Accordingly, measurement of touch-down height was carried out on
the perpendicular magnetic recording media of comparative experimental

examples studies by the inventors.

Fig. 9 shows the results of the touch-down height measurement on the
perpendicular magnetic recording media of comparative examples with an
underlayer 6 of the substrate 22 on which polishing processing was solely
executed and texture processing was not executed. Fig. 10 shows the results
of the touch-down height measurement on the perpendicular magnetic
recording media 10 of embodiment examples with an underlayer 6 of the

substrate 22 which is subjected to D processing of Example 2.

In each of the Figs. 9 and 10, the ordinate represents the voltage from
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The results demonstrate that crash due to flaws and adhesion of a 15
magnetic head on a recording plane of a magnetic recording medium are
prevented because the step of texturing process S41 eliminates the flaws
on the Ni-P plating layer (an underlayer) 6 generated in the step of
polishing S3, and further, the following step of texture polishing S42 using

ththedaltisi calisigatdspeneatet pred thiebirissm e ptaseravihe flying height
appropriate texture 20 traces in the circumferential direction. Therefore,

(nmygricthratiost digadheftigs. tHeavittibdlitlustriatess thesshae aatideistic lines L1,
maintaining good flying performance. By making texture traces with an

L2amehbit represesiiingdesichadpuitiragight valussangasisiedintiradial
o e e e

density than conventional one and improved flying performance. 30 What
is claimed is: 1. A method. of manufacturing a perpendicular magnetic

o S e B Fo R e M TR &3 in Fie
_ i thigeriayer :
S e AL Siotes
geRave thisitaaRdd@ea st IsRIAUNT ﬂ?@%@é@ﬂ@dﬂ“%ﬁéﬂéﬁgﬁ Height of
edto

the underlayer processed by the step of texturing process is polis

theuestalmathaeondBressl Datrieavies dexttrastaties peepetidgcular magnetic
magnetization alignment in a vertical direction relative to a surface of the

resobdingemesing affemdbddiment examples, as is apparent from the

characteristic lines L1, L2, and L3 in Fig. 10, exhibited stable flying

performance at the flying height of the test head down to 4 to 6 nm.

The results demonstrate that crash due to flaws and adhesion of a
magnetic head on a recording plane of a magnetic recording medium are
prevented because the step of texturing process S41 eliminates the flaws on
the Ni-P plating layer (an underlayer) 6 generated in the step of polishing S3,
and further, the following step of texture polishing S42 using the acid
eliminates abnormal protrusions to form a plane having appropriate texture
traces in the circumferential direction. Therefore, magnetization alignment
in the vertical direction is possible while maintaining good flying
performance. By making texture traces with an arithmetic mean roughness
Ra of at mdst 0.5 nm (5 A), preferably in the range of 0.05 nm to 0.2 nm on
the substrate 22, a perpendicular magnetic recording medium can be
provided that exhibits higher recording density than conventional one and

improved flying performance.
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polishing tape made of a porous material while supplying second slurry 15
containing an organic acid and a second abrasive material having a grain
diameter smaller than a mean diameter of perforations of the second
polishing tape. 2. The method of manufacturing a perpendicular magnetic
recording 20 medium according to claim 1, wherein the step of texture
polishing is carried out until the surface of the underlayer is polished to an
arithmetic mean roughness Ra in the range of 0.05nmto0.2nm. 25 3. The
method of manufacturing a perpendicular magnetic recording medium
Wiaabisiolgimedins:1 or claim 2, wherein 31 the organic acid is selected
from the group consisting of citric acid, maleic acid, malic acid,
phosphoric acid, succinic acid, formic acid, and a mixture of these acids.

5 4. The method of manufactuting a perpendicular jnagnetic recording )
L. medium AcBFANRAS LT I BF O 2 RRSAGHIH dFaRIRBCHGoRFording
ma@rasive material is abrasive grains of single crystal diamond,

B Wé&&gm%ﬁ%nd cluster diamond, or colloidal silica. 10 5. The

meH‘%%:rﬁfd‘P ?@Rﬁﬁﬂg;%%@%@‘ifgdwﬁ ﬁ?f&lfﬁfﬁ’e@%d%giﬁﬁéngormed on

accordirtg to any one ms 1 through 4, wherein t ond polishi

anREIRALG QS hiere T ANFIR! 4318y GEREEHRAatE HaPEipeiicHiderlayer

magnetic recording medium manufactured by the 15 method defined by

usany arfersf plelishihprapehrhadebEmerparsiedfabegnetnlkesomplying first

medium according to claim
slurry containing a surfactant and a first abrasive material; and

a step of texture polishing in which a surface of the underlayer

processed by the step of texturing process is polished to such a surface
roughness that leaves texture traces promoting magnetization alignment in a
vertical direction relative to a surface of the substrate, using a second
polishing tape made of a porous material while supplying second slurry
containing an organic acid and a second abrasive material having a grain

diameter smaller than a mean diameter of perforations of the second

polishing tape.

2, The method of manufacturing a perpendicular magnetic recording
medium according to claim 1, wherein

the step of texture polishing is carried out until the surface of the
underlayer is polished to an arithmetic mean roughness Ra in the range of

0.05 nm to 0.2 nm.

8 The method of manufacturing a perpendicular magnetic recording

medium according to claim 1 or claim 2, wherein
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6, wherein a touch-down height of the perpendicular magnetic recording

medium 20 is at most 8 nm. 8. A method of manufacturing a substrate for

a perpendicular magnetic recording medium comprising: a step of

texturing process in which a plurality of grooves are formed on 25 an

underlayer made of a Ni-P alloy of a substrate having the underlayer

using a first polishing tape made of non woven fabric while supplying first

32 gheryrgamainaaidhis wébetsad fndm fitst gveasyeonsistialganfl citsiepacid,

of texture polishing in which a surface of the underlayer processed by the
malepcatcidiumadicracidsphpsptediacasidhsaeainicacydgfiorsdcracid, and a

leaves texture traces promoting magnetization alignment in a 5 vertical
miaaeonirthassasidsurface of the substrate, using a second polishing

tape made of a porous material while supplying second slurry containing

an organic acid. and. a second abrasive material having a grain diameter

e R B A S BB rconding
. . _ . . _ f
m AR SRR B Sy oAE SR FIRIGUUIES, WHEH ©
PolisbRd BRA ABFIBRIC MER TRV ABRRsive BRI BTdREId Trystal diamond,

0.05nmto0.2nm. 10. The method of manufacturing a substrate for a

patpcrestitlilge diamond, cluster diamond, or colloidal silica.

5. The method of manufacturing a perpendicular magnetic recording
medium according to any one of claims 1 through 4, wherein

the second polishing tape made of a porous material is a urethane pad.

6. A perpendicular magnetic recording medium manufactured by the

method defined by any one of claims 1 through 5.

e The perpendicular magnetic recording medium according to claim
6, wherein
a touch-down height of the perpendicular magnetic recording medium

1s at most 8 nm.

8. A method of manufacturing a substrate for a perpendicular
magnetic recording medium comprising:

a step of texturing process in which a plurality of grooves are formed on
an underlayer made of a Ni-P alloy of a substrate having the underlayer

using a first polishing tape made of non woven fabric while supplying first
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magnetic recording medium according to claim 8 or claim 9, wherein the
organic acid is selected from the group consisting of citric acid, 20 maleic
acid, malic acid, phosphoric acid, succinic acid, formic acid, and a mixture
of these acids. 11. The method of manufacturing a substrate for a
perpendicular magnetic recording medium according to any one of claims
8 through 10, 25 wherein the second abrasive material is abrasive grains
sletsingimtaysiaigiaswrfdctan palydrasfitihabiamvadnetetealgiamdnd, or
colloidal silica. 12. The method of manufacturing a substrate for a

perBditaR @i textiicpe iskdng g mdaich asvsfare of the ynderlaxmis

8 through 11, 5 wherein, the second polishing tape.made of a pqrous
PIRESRGH DR TSR Ob KU ENE RIRSER HoP QAR e G i gHEfRCE

roﬁgﬁ%g%ﬁﬁaﬂ#%\é@fgegfﬁ}%rﬁdag d 'beré“lﬁté‘t‘i%g ?HQ%Q 1Zation eaﬁfgnment ina
vertical direction relative to a surface of the substrate, using a second
polishing tape made of a porous material while supplying second slurry
containing an organic acid and a second abrasive material having a grain
diameter smaller than a mean diameter of perforations of the second

polishing tape.

9 The method of manufacturing a substrate for a perpendicular
magnetic recording medium according to claim 8, wherein

the step of texture polishing is carried out until the surface of the
underlayer is polished to an arithmetic mean roughness Ra in the range of

0.05 nm to 0.2 nm.

10. The method of manufacturing a substrate for a perpendicular
magnetic recording medium according to claim 8 or claim 9, wherein

the organic acid is selected from the group consisting of citric acid,
maleic acid, malic acid, phosphoric acid, succinic acid, formic acid, and a

mixture of these acids.

11. The method of manufacturing a substrate for a perpendicular
magnetic recording medium according to any one of claims 8 through 10,

wherein

the second abrasive material is abrasive grains of single crystal diamond,
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polycrystalline diamond, cluster diamond, or colloidal silica.

12. The method of manufacturing a substrate for a perpendicular

magnetic recording medium according to any one of claims 8 through 11,

wherein

the second polishing tape made of a porous material is an urethane pad.

13. A substrate for a perpendicular magnetic recording medium

manufactured by the method defined by any one of claims 8 through 12.
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