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VO 2007/010908 PCT/JP2006/314197 1 DESCRIPTICN
MAGNETI C RECORDI NG MEDI UM PRODUCTI ON PROCESS THEREOF
AND MAGNETI C RECORDI NG AND REPRODUCI NG APPARATUS 5
Wﬁ% 9EFEREI\ICE TO RELATED APPLI CATIONS Priorit

®n Japanese Patent Application No. 286 J@@@Vﬂ@97
filed July 15, 2005. This application is an
application filed under 35 U.S.C. 111(a) claimng
pursuant to 35 U S.C. 119(e) of the filing date of
Provi si onal Application 60/702;619 on July 27, 2005,
10 pursuant to 35 U. S C 111{b) TECHNI CAL FI ELD The

present invention rel at netic recording
mediumto be used as a E@é@%ﬁ§¥§§gnediun1of i nformati on

equi pnent and production process thereof, as well as to
a 15 magnetic recordi ng and reproducing appar at us.
BACKGROUND ART In recent _years t he progress of
NAGNE IR 6 by Mk SR Aol e ecBsS FERpFoam
magneti ¢ recording media has increased nore and nore.
Part i cuMay\INET] CH&%@%BW AYD REPRABEEING AGPARAIASY di ng
density of magnetic disks, which play a central role as
external nenories in conputers, have been increasing
year by year. Under such circunstances, there is a

need for dEROISKREFERENCERTOREIATED APBKICATIONSenabl es
hi gher-density recording. For exanple, development of

| apt Briyrid e cR#h&d @a 79@1&&%@&. R eiH 190.12065- z@mgs el Rily 15,
smal | - si Zed WO 2007/ 010908 PCT/ JP2006/ 314197

2005, This appllcatlon is an application filed under 35US.C.§111(a) clalmmg pursuant to

35 U.S.C. §119(e) of the filing date of Provisional Application 60/702,619 on July 27, 2005,

pursuant to 35 U.S.C. §111(b).

TECHNICAL FIELD
The present invention relates to a magnetic recording medium to be used as a
recording medium of information equipment and production process thereof, as well as to a

magnetic recording and reproducing apparatus.

BACKGROUND ART
In recent years, with the progress of various information devices, the storage capacity
of magnetic recording media has increased more and more. Particularly, the recording
capacity and recording density of magnetic disks, which play a central role as external
memories in computers, have been increasing year by year. Under such circumstances, there
is a need for development of a magnetic disk which enables higher-density recording, For

example, development of laptop and palmtop personal computers has required a small-sized
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recordi ng apparatus wth high inpact resistance, and
therefore, demand has arisen for a small-sized
magneti ¢ recordi ng medi um whi ch enabl es hi gher-density
ricordin and has high nmechanical strength. Recently,
YAMGEYPEn systens and portabl e nusic pl ayba@RTIPG/ a7
have al so enpl oyed a recordi ng apparatus incorporating
an ultra small magnetic 5 recording medi um
Conventional ly, such a magnetic recording nmedium(i.e.,
magneti c di sk) has enployed_an al um num al | oy
substrate having a NiP-pIatea surface, or a glass

i.ch. i St tri I enent .
SR8 oo i R moBl el O TG e isen for o
and . chem cal durability. Such a gl ass, supst.rate i.s
sl Gektrde e e 3ol atled BRbe ARG et agd bas
flat surface suitable for redyction of the flying .
high; ’é‘ﬁ‘ﬁ“a{%‘f’ﬁam?&g‘ﬁet Recaptikanavigation suteme aad PrEgHe msic playback
recording surface, the flying height reduction being )
deviprsrhaxe elsp emplayed iantepryding ghparaies sicerporating en julfra small magnetic
recordi ng. Moreover, as the magnetic recording |ayer,
rggnulitgapedtome t 0o use nmagnetic recording |ayers of the
I n-pl ane recordi ng net hod where the easy axis of
magn€omveationally, suchhe wmagetidt irecordiy® rmaeddundr(i.entregbnetic disk) has
parallel to the substrate face. 15 In order to achieve
efblolyéd Bh @hedimmne e butgtrate hevihg @ NiPiphadEadfael, sragpiads substrate,
recording layers of the horizontal recording nethod,
which@RisfiRstHaTeRBRMenOGHIRENG MgHeR Gt téSiRAce Ofidity, hardness, and
magneti ¢ recordi ng medi um endowed ‘wi th magnetic
chéritdl gl.l\.\%gll#i%/ﬁ%g a%llasg E\fﬁstﬁeﬁé B%ﬁ%&%:@\rs CI)I]) RO ehdufes easy formation

recor ere the easy a magnet1 zat1"on

i ri d e Leul arl l.ative .
ST e T R T ST
magnetic 20 recording nediu ven in the case.of .., .
B R TR R Ly BF DETEh, AR Pk dapang o atening high-
demagneti zing field forned at the boundary between
deRsity MPERGICHPAORding Morgaver, an Hig MagREticHBRAFRIRG [2Y§ToPfchag come to use
di stinct recording magnetic domain, with the result )
magagticorrsording layers ovfethet inelang repording umethedh wWhespdlie eesy axis of
and noi se properties. WO 2007/010908 PCT/ JP2006/ 314197
magnetization in the magnetic layer is oriented parallel to the substrate face.
In order to achieve still higher recording densities, instead of magnetic recording
layers of the horizontal recording method, attention has been focused in recent years on a
magnetic recording medium endowed with magnetic recording layers of the perpendicular
magnetic recording method where the easy axis of magnetization in the layer is oriented
perpendicularly relative to the substrate face. With respect to a perpendicular magnetic
recording medium, even in the case of higher recording densities, the influehce of a
demagnetizing field formed at the boundary between recording bits is small, and the

boundary forms a distinct recording magnetic domain, with the result that one can improve

thermal fluctuation properties and noise properties.
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3 Wth the magnetic recordi ng nedi um of the

per pendi cul ar magnetic recording nethod, as a result

of the use of a single-pole head with excell ent

vvritel-i n ability relative to perpendicular nagnetic
YoV EREE | ayer| a magnetic recording nmedi umBCESPHOEE14197
proposed that provides a |layer consisting of soft
magnetic material called a backing |ayer between the 5
substrate and the perpendi cul ar magnetic recordi ng

| ayer which is the recording ] ayer, and that inproves
the efficiency of ingress anc egress of magnetic flux

bet et the gﬂ%cer_%%ﬁl B@&igma&‘fj tﬁeh erﬂaﬁ[b‘ﬁfa\%mcnéa}ggetgc recording

recordi ng nedi VEr, even in the case

k: punch .| ayer j r.oyi ded deguat oper.t i are. .
EFSL B ARt ofE et Lo b3 peslP RSB PR b b Yefiive o

roperties at the tjine of r'ecording reproduction,. as

Dicpe gl maghett Jpootding Iayema dRASRFISaRFADE Nobst Besprea proposed
and magnetic resolution. Furthernore, in order to
Heipspvides anaves eensisting elosod magnetiparaatenial walled 1 hagking fayer hepween the
in these properties, it has been proposed to specify a
Suhstratappnglt tﬁe gerpendicularardgnetty reenrding (axenwhichfs thigecording lgyer, and
of the crystal orientation facilitation layer, and to
thatamipfoyesithia zificianicy bfiingfesy del dgusk pfmagnetiv 8ux AGBO¢n e sinple-pole
c axis pertaining to the fcc structure of the crystal
loead and thieirmagnétivcietartiag inediuna yHowéver, @ven methe Bk evliere a back-punch
Docunent 1 and Patent Docunent 15 2), Furthernore, as a

Bf&W profifleds B@ghdte prberfits B ndtloBtatiel Ivgtheapect kdrecording reproduction
orientation of the crystal orientation facilitation

ﬁn@ﬂéi‘rﬁes?dﬂ Ghd fife RE Fr&%ﬂﬁ’dg%é}n%ﬂud%ﬂ,n&t Wél ELRé-FHsRfind @htignetPation
magnetic recording nediumw th excellent recording
{eﬁ&ﬁrﬂz@%a'ﬁ&nagco%@cﬁﬁtﬁs ﬁf?ﬂcﬁﬂ)%, HR!O{J& W biah! ﬁﬁ]lg%ne{:i% éecorfiing

properties I's offered where the’initial grow

REFFLG PR BEPHCTE b loge B plgn o
e i Dot G T TS 20t LB e e

per pendi cul ar magnetic recording |layer is pronoted,
spegifit ahalfywaitmsf the Bocking aureer(AQEW of thee axis pektainig tofhetfbrestructure
initial growh portion is suppressed, and the

stthedryadl dkientatialf fasiliartiomlaydri(¢ig] seaPaent Dhcimbhd i dnd Paknt Document
prevented (e.g.', see Patent Docunent 3).

_2). Furthermore, as a result of specification of the difference in orientation of the crystal

orientation facilitation layer and the perpendicular magnetic recording layer, a magnetic
recording medium with excellent recording reproduction properties and thermal fluctuation
properties is offered where the initial growth of the perpendicular magnetic recording layer
on the interface of the crystal orientation facilitation layer and the perpendicular magnetic
recording layer is controlled, nucleation at the time of growth of perpendicular magnetic
recording layer is promoted, crystal grains are miniaturized, the thickness of the initial
growth portion is suppressed, and the deterioration of thermal fluctuation durability is

prevented (e.g., see Patent Document 3).
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WD 2007/ 010908 PCT/JP2006/ 314197 4 Patent Docunent 1:
Japanese Unexam ned Patent Application Publication No.
Hei 08- 273141) Patent Docunent 2: Japanese Unexam ned
Pat ent Application Publication No. Hei 06- 76260) 5
W87 0108cunent 3: Japanese Unexani ned Pat enPCT/JP2006/314197
Application Publication No. Hei 2003- 123245)
DI SCLOSURE OF THE I NVENTION I n the conventi onal
manuf act uri ng nethod of an in-plane nmagnetic recording
10 medium a technique is conducted where polishing is
conducted in batch format psing a dianond slurry or
the like, but as a groove Is formed in the
Paterft DoGuthd® 1| € Nfdpanesel Un@@did PatchA pplidatonPRblicddon No. Hei 08-
pronotes wide track error (w de area track erasure:
2731 ¥ATE), which is a fatal defect in a perpendicular
magnetic recordi ng medi um which uses a substrate
W . . .
PricfERRENERZN ihene” e BB TP R ol e o6
7626@1” mary magnetic pole of the head at the tine when
gnals are witten undergoes a return pass, and the

refurn ss_has a wde.foqrmin the track.directign,
Pater o 3 o A0St HEPamined ot Appcaion FabB0E fola003-
t hey separate fromthe track on which the returning
12$M§bnetic flux is being recorded: Consequently,
sati sfactory magnetic recordi ng reproducti on properties
such as high SNR are not obtained, spike noise is -
generated, and thermal asperity (TA) occurs. In 20 the
case where a MRISCEQSIME OFT3H BNVAINHOM f ect) head is
used for purposes of raising magnetic recording

delasihk yeonvetion®ll masufestinng indthbl eofp e iepkne nmydheti€ rédofding
MR el enent undergoes localized tenperature increases,

medigfd a tBhinRha i asrdudted Ritre Polibififey NReoBl@&N{n MR format using a
2007/ 010908 PCT/ JP2006/ 314197 y
diamond slurry or the like, but as a groove is formed in the circumferential direction with
jchis method, it promotes wide track error (wide area track erasure: WATE), which is a fatal
defect in a perpendicular magnetic recording medium which uses a substrate prepared with
this type of method. WATE is a phenomenon where the magnetic flux issued from the
primary magnetic pole of the head at the time when signals are written undergoes a refurn
pass, and the return pass has a wide form in the track direction, with the result that track
signals are erased when they separate from the track on which the returning magnetic flux is
being recorded: Consequently, satisfactory magnetic recording reproduction properties suqh
as high SNR are not obtained, spike noise is generated, and thermal asperity (TA) occurs. In
the case where a MR (magnetic resistance effect) head is used for purposes of raising

magnetic recording density, thermal asperity is the phenomenon where the MR element

undergoes localized temperature increases, and the standard output of the MR element
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5 changes, because the MR el enent contacts the magnetic
recordi ng nediumor contam nation or the like. The
present invention inproves the |ayer quality of

magneti c | ayer grown on the surface of a soft magnetic
WHEPTHIWE by reduci ng the magnetic ani sot r opRCHBIP2004814197
soft 5 nmagnetic underlayer provided on a non-nmagnetic
substrate of specified snoothness, and by conducti ng
excel l ent control of crystal orientation by inparting

an optimal half-width of the Rocking curve (A050). Its
objective is to offer a magne®ic recording nedium

abl i a nt of SNR that suy presses th .
gcg gg‘i?ﬂseofil t"ﬂgqﬁ‘ﬂ?m SRS ‘i’?/meﬂfﬁ}‘ Hitar %EP“*WEBF gantamination
realization of high-density recording. 10 In order to
osd6ilike t he af orenenti oned probl ens, the present
i nvention offers each of the follow ng inventions.

That The pfesdnt anventjore iriproves dby Wiyergquakityi efmpgnstic dayer wiown on the
a soft magnetic underl ayer conposed at |east of soft
rsafivet ofca sef endgaktic amleflayee rbyadedwinge thet magnetiaveisotrdpgrof the soft
controlling the orientation of the layer directly

ahapreic dBgdyee g}dmbu 8l a BYRREtc kEsREtE of Spect fRY @fobtBiNdsé) Gnd by
an easy axis of magnetization that is mainly oriented

ReRRRHLY &ééhl"l’ernk Yorft® %drxs%al toﬂergarhomﬁ nﬂdgﬁhg &l §pt rﬁeﬂ‘ﬂalﬁwxdth of the

protective |ayer, are sposed on

bs
al'tgqcsﬂ?%g% (:Aeﬁ(ﬂ tt{_l%gjﬁﬁwe;’@g %rt{ﬁ]r § ng Ig?anen%.ér@l&gtmedxum enabling
netic rlayer is 1 or and the half-w dth
gt %ﬂ@gi&ae R?aesieﬁ\gscgm?fgﬂ% o Shegmplaspeaiy (fﬂcwgfmeﬂables
netic recordi.ng nediumdescribed in (1) wherein the
rrﬁvgﬁéttqn@f highlspsigaseorditg-o  (Hm/ Hic) of the soft
magnetic underlayer is 0.7 or less. (3) The nagnetic
r ecor & erger20 repelye the aferswentivoel prablemy, thy present intiention affers each of
hal f-wi dt h of the Rocking curve (0050) of the soft g
rtheg fodlovinguinetibasy eThat $s, I(1)t Dm3greticl egpostigg medijimApryvidedewitli a soft
the magnetic recording nedia of (1) to (3) wherein the

anggnageundeidysceniposdiun Ras of RiE) mainefid@atefial[® otieptatibitrol layer
of the non- magnetic substrate is 5 rimor less. (5)

ABYcoRiLLiRS the RECHTRSINITHIE 15RE Bk BoVBH Ferthdiciihr fafgretld recording

layer having an easy axis of magnetization that is mainly oriented perpendicularly relative to
the substrate, and a protective layer, which are disposed on top of a non-magnetic substrate;
wherein the magnetic anisotropy ratio (Hmr/Hmc) of the pertinent soft magnetic underlayer
is 1 or less, and the half-width of the Rocking curve (A850) is 1 to 6 degrees. (2) The
magnetic recording medivm described in (1) wherein the magnetic anisotrepy ratio
(Hmr/Hmc) of the soft magnetic underlayer is 0.7 or less. (3) The magnetic recording
medium described in (1) or (2) wherein the half-width of the Rocking curve (4850) of the
soft magnetic underlayer is 1 to 3.5 degrees. (4) Any one of the magnetic recording media
of (1) to (3) wherein the average surface roughness (Ra) of the primary surface of the non-

magnetic substrate is 5 nm or less. (5) Any one of the magnetic recording media of (1) to (4) -
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WD 2007/ 010908 PCT/ JP2006/ 314197 6 wherein the

non- magneti c substrate is a non-crystalline glass
substrate, a crystallized glass substrate, or a

silicon substrate. (6) A manufacturing nethod for

MY 208T/918%9U8ecor di ng medi um i ncl udi ng t he st epsPOT/JP2006/314197
polishing the primary surface of a non-nagnetic
substrate by a sheet-type texture processing 5 device
usi ng polishing tape and a slurry containing coll oida
silica abrasive grain; and subsequently form ng a soft
magneti ¢ underl ayer containi nggsoft nmagnetic nateri al

on the primary surface of the pertinent non-magnetic,
SsWhEin dacononspagnetiopibstiata s ¢ Bepserysiplling elasssybstige, acoivialised glass
| ayer, a perpendicul ar magnetic recording layer and a
pﬁ%@@%@pw@mhqy@mbﬁm@. sequentially formed on the

.surface of the pertinent soft magnetic underlayer. (7)

The 106Anudnabictring gnethmdfodmagneticresgomlinigemedioo inkilnding the steps of
medi um described in (6) wherein the slurry containing
cpdlishinglée peinlarcaurfabs ofSd nop-pighetic wbsiatd isa shebt-topei@kiure processing
silica abrasive grain with an average grain size of

Odifet @irg. poliehing N &RNE SRirfyaédnBihind cSlldidh] IficiBdfasie grain; and
(8) The 'nmanufacturing method for magnetic recording
"ﬁfﬂbé&;ﬁbr@@%frﬁiﬁgq soft hdhet®y ux{dllr)lay\é{“ %n%iﬁl?% B(Zﬂ n%%%étléghdt%&ial on the

tape is weave-type tape or flock type tape, ape

RO B SR il AR, L UG gnin
e\ OO A | 8 0
o BRRE igel € arsalelE b Aot e e BTG ver e

tape t.o the non- netjc supstrate at .a pressur f 98

+ SRR AT G e S e RBneR G EPER GBS (1) The
for magnetic recording nediumfrom (6) to &9_) wher ei_n

pEPRURRIY ng; raethsh oy &me@m&m@aﬂw@ge@we &b Graiesin the slurry
substrate at a rotational speed of 300 20 to 1500 rpm *

( aomfairingraefividal silice abragdive graim gontaips eelinidah giliep phrasive grain with an
i ncorporating any one of the nmagnetic recordi ng nedia
ofiveidge gadinrstmeroft 0.0 ewl 0(S1umtin & ByncerAmtion @& r3gtot B0 hines %. (8) The
present invention, it is possible to create a surface

ShahfaciringhBethod for magnetic recording medium described in (6) or (7) wherein the

polishing tape is weave-type tape or flock-type tape, and is tape containing polyurethane in
the member configuring the tape. (9) Any one of the manufacturing methods for magnetic
recording medium from (6) to (8) wherein polish-ing is conducted while applying the
‘polishing tape to the non-magnetic substrate at a pressure of 98 to 686 kPa. (10) Any one of
the manufacturing methods for magnetic recording medium from (6) to (9) wherein
polishing is conducted while rotating the non-magnetic substrate at a rotational speed of 300
to 1500 rpm. (11) A magnetic recording and reproducing apparatus incorporatil}g any one of
the magnetic recording media of the aforementioned (1) to (5).

According to the present invention, it is possible to create a surface state of the

substrate suited to perpendicular magnetic recording by conducting treatment with a free .

—



10

15

20

substrate suited to perpendi cul ar magnetic recordi ng by
conducting treatnent wwth a free WO 2007/010908
PCTI JP2006/ 314197 7 polishing agent containing
colloidal silica prior to |layer generation treatnent of

WO007/PP08 substrate to be used for the perpehdl/éRp0YH314197

magnetic recording nedium By this neans, it is
possible to control the crystal growh of the nmagnetic
| ayer, keep the half-width of the Rocking curve (A050)
which is a crystal orientation indicator within the
prescri bed range, 5 inprove the SNR of the

BODRER S B! B SR T A e e o

cord| de s whi C mere revi,ousl |nf asj.bl e.
s fr o ‘!59‘9?% e BHae o By ﬂP‘% means, it is

- possible to offer a_ per endlcular magnet | c recor d

PsEiPigntorepnirplythy crystal Lroven pf 1ty Jnagestic Javret kesn the apli wc?t!;/ of the
that suppresses the occurrence of TA. 10 BRI EF

RSz RifveOX60H) Which DRAVIYMErien@tiod indicator within thh gnésergped range,
the cross-sectional structure of the magnetic recording

hmdovemtif SNHKeofptigs @eipendisifirt im@pnetib| fecordingS niditn§Wend offer a
showi ng the rel ati on between the magneti c ani sotropy

peétpdn@icalAfl nia@RetldAbbordihp ntddiudt buife@ A Qﬁ% Fechrding- dehidifies Which were
e

shows the relation be vveen AB50 of t soft magnetic

ﬁl‘égiﬁﬁ cl}f"iﬁ?é asBd MBover, ek 3 SR sﬂl‘ffc@’té%ﬁ%@ﬁ it g&mble to offer a

det erm ni ng osi tion
ﬁ_t{?‘@?fd%ﬂla{‘ I?r?agH& Chl%g r9 B %?édﬁfnﬁh%@% lvéxjiler}aﬁ&g&&ggmﬁr%l}’c?mn stablhty

wing the relation between

é@%ﬁug}érgssgﬁﬁhfggcgr%ﬁﬁﬁ' ss of the substrate and 0050.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view showing the cross-sectional structure of the magnetic recording medium of
the present invention.
FIG. 2 is a view showing the relation between the magnetic anisotropy ratio and the WATE
output reduction rate. |
FIG. 3 shows the relation between AB50 of the soft magnetic underlayer and SNR.
FIG. 4 is a view showing the method of determining peak position.
FIG. 5 is a view showing the method of determining the rocking curve.
FIG. 6 is a view showing an example of a rocking curve.
FIG. 7 is a view showing the relation between average surface roughness of the substrate and
AB50.
FIG. 8A is a frontal view showing a schematic diagram of polishing work by a sheet-type

texture processing device.
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FIG 8Ais a frontal view show ng a schematic di agram

of polishing work by a sheet-type texture processing

devi ce. WO 2007/ 010908 PCT/JP2006/ 314197 8 FIG 8B is

a side view showi ng a schematic di agram of polishing

Wy J0tyomssheet -t ype texture processi ng devi RET/IRI0E314997

is a view explaining the configuration of the nmagnetic

recordi ng and reproduci ng apparatus of the present

invention. 5 Description of Reference Nunerals in FIGs.

1: non- magneti c substrate 2: soft nagnetic underl ayer
orl ent ation control |ayer 4 perpendicul ar nagnetic

[ 0oRB 8% s Eewfpwits Ryederiats Saumnry siacbahing gl oy shet ype

det ector 15 24: extending lines 26: nedium drlver 27:
ntagﬁ@tm@ewwcﬂevm head actuator 29: recording

reproduction signal system 20 30: nmagnetic recording
el Qnis a view explaining the configuration of the magnetic recording and reproducing

apparatus of the present invention.
Description of Reference Numerals in FIGs,
1: non-magnetic substrate

2: soft magnetic underlayer

3: orientation cbntrol layer

4: perpendicular magnetic recording layer
5. protective layer

6:‘ lubrication layer

21: incident X-rays

22: diffracted X-rays

23: detector

24; extending lines

26: medium driver

-27: magnetic head

28: head actuator

29: recording reproduction signal system
30: magnetic recording medium

40: magnetic recording and reproducing apparatus
101: spindle

103: polishing tape '



10

15

20

e T Ay A Mk . s it o e

40: magnetic recording and reproduci ng apparatus 101:
spi ndl e 103: polishing tape WO 2007/010908
PCT/ JP2006/ 314197 9 104: roll 105: polishing slurry
104 prol.l 107: nozzle 5 BEST MOXDE F
Cﬁ%@?ﬁl&e@% THE | NVENTION Fig. 1 shows the Ferraosstaror
cross-sectional structure of the magnetic recording
medi um of the present invention. A magnetic recording
medi um 30 shown here is conposed by sequentially
providing a soft magnetic undglayer 2, orientation
control layer 3, 10 perpendi cul ar nagnetic recording
| eroll4, protective layer 5, and lubrication |ayer 6 on
top of a non-magnetic substrate 1.4 As the
N®9: pekekiAg sGrpubst rate 1, one may cite aluminum alloy
substrates having the N P-plated |ayer conmonly used as
a Bkl fo1r ecording  nmedi um substrate, glass
substrat’es such as crystallized glass and

~gdygtal line glass, ceramc substrates, carbon
substrates, silicon substrates, and silicon carbide
substrates. It is 15 quite suitable to set average
surface roughness (Ra) of the surface of the

175 nmi o prEardOPE T g cARRANEROE T Ao o<

(Ra) falls belowthis ranﬁe it tends to result_ in
adhesiFif 1ohows therappsseqtiona] shuctyrs of theamagnatic rrcarding medium of the
vi bration of the magnetic head dutin%@recording‘
rispieid invention.  \An gnasnatie repgeding miediven 139y linves dereRis) composed by
exceeds this range, glide properties tend to be .
i saguenfiallyi onaviding a soft magnetic underlayer 2, orientation control layer 3,
perpendicular magnetic recording layer 4, protective layer 5, and lubrication layer 6 on top
of a non-magnetic substrate 1." As the non-magnetic substrate 1, one may cite aluminum
alloy substrates having the NiP-plated layer commonly used as a magnetic recording
medium subsirate, glass substrates such as crystallized glass and non-crystalline glass,
ceramic substrates, carbon substrates, silicon substrates, and silicon carbide substrates. It is
quite suitable to set average surface roughness (Ra) of the surface of the non-magnetic
substrate 1 at 5 nm or less, and 0.05 to 1.5 nm is preferable. When average surface
roughness (Ra) falls below this range, it tends to result in adhesion of the magnetic head to
the medium and vibration of the magnetic head during recording reproduction. When
average surface roughness (Ra) exceeds this range, glide properties tend to be insufficient.
The soft magnetic underlayer 2 is provided in order to fix the magnetization of the
perpendicular magnetic recording layer more firmly in the perpendicular direction relative to

the non-magnetic substrate. As the soft magnetic material composing the soft magnetic

underlayer 2, one may use, for example, Fe alloy containing 60 at% or more of Fe. As this .
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akderof, FERICR, &t
Ta, Cr, n

b Do PSS Al Y. e e

20 The soft magnetic underlayer 2 is provided in order

to fix the nmagnetization of the perpendicular nmagnetic
recording layer nore firmy in the perpendicul ar

di i elative to the non-nmagnetic substrage. As
tﬁgﬁg%P?mﬁggnetic materi al conposing the soft ﬁéﬂ%ﬁ%@@?“ﬂ97
underl ayer 2, one may use, for exanple, Fe alloy
containing 60 at% or nore of Fe. As this WD 2007/010908
PCT/ JP2006/ 314197 10 material, one may cite FeCo all oy
(FeCo, FeCoV, etc.), FeN allzp (FeNi, FeN Mo, FeN Cr,

FeN Si, etc.), FeAl alloy (FeAl, FeAl Si, FeAlSi Cr,

FeéteiTal Tordsunayedite FeCo kit (FaCb,BeCOVeéte.), FeRe&ltoli (Felfie Eeliiio, FeNiCr,
etc.), FeTa alloy (FeTa, FeTaC, etc.), FeC alloy, FeN

aFdNigi, efcOSFesl Ay, (FEAR FealldioFeAIBRND FaAISPORY,F&EN, RIC QYoy (FeCr,
and so on. 5 One may al so use a Co alloy contal ning 80

GQTa A, (RET, PERiC, 8RS, R au@y,rp%nyﬁiugg,tfygsl\h}oy, FeP

Mo,  a é the |i'ke. For exanple, on€ na

a

, , T rC, CoZrM and the |ike as
qcﬂl%p’el:sui lla ’I%@é@eyr’ ?%‘1 S.%qjébr eover, it is also
acceptable if, the saft. magneti.c derl ayer LS a
ot 1 -G e iR A G0 SO RGeS of Sy ¢ eyt east ome or
conposi tiqns. . For a , Qne use a product thagt
PR 200 iy P o1 o gk RS Eriables 911 BAt el KRB o2,
t | ayers of CoZrNb alloy layer. It is preferable that.
{ o281 oAt dbia, e e ks assanis suitable gaterak | Bfpreover, it is also
magnetic flux density Bs of 0.8 T or nore. In the case
wieseable (fthe tsp imagaetirounderleyen 2 igenmplivlaps lpninpiesaf alloy dgyers of
0.8 T, it is difficult to control the reproduction
wdifferfing empoaitidng oFereexamplee anremay uktba gonduet, thatt intsepoeesaliu layer of
necessary to thickly formthe layer, and a decline in

pappchxdrnatedly tlynnipeywden ten dayers of CoZdNtallef tayedbl e t hat t he

coercive force of the soft nagnetic underlayer 2 be 200 -

(Oe) Iots prefemable\Mistrithe et Miapietit andetlager Qckds at dagiration magnetic flux
af orenenti oned range, it causes an Increase in noise.

Widnbity BSBEGR Tt 6 hbe, MR abCwRdM: SRirhGRYmaEnetid @u® aérsity Bs is less
magneti ¢ underlayer 2 relative to
than 0.8 T, it is difficult to control the reproduction waveforms, and noise increases.
Moreover, it becomes necessary to thickly form the layer, and a decline in productivity may
ensue. It is preferable that the coercive force of the soft magnetic underlayer 2 be 200 (Oe)
or less. When coercive force exceeds the aforementioned range, it causes an increase in
noise.
With respect to the magnetic anisotropy of the soft magnetic underlayer 2 relative to
the radial direction and circumferential direction of the substrate, smaller is better. When the
saturation magnetic field in the radial direction of the substrate is Hmr and the saturation

magnetic field in the circumferential direction is Hmc, it is preferable to have the magnetic

anisotropy ratio (Hmr/Hmc) at 1 or less, and 0.7 or less is more preferable. If the magnetic
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the radial direction and circunferential direction of
the substrate, smaller is better. Wien the 20
saturation magnetic field in the radial direction of

ate is Hmw and the saturation magnetic field
yﬂﬁ¥ﬁg£§%§cunferential direction is Hic, it igCTAIP2006/314197
preferable to have the magnetic anisotropy ratio
(Hhr/Hrc) at 1 or less, and 0.7 or less is nore
preferable. If the magnetic WO 2007/010908
PCT/ 5P2006/ 314197 11 anisotq?py ratio (Hmw/Hnt) is
wthin this range, it is possible to suppress the
Sfuop e (Hin/HAR] i withth @his faBgd itflia pedsibiberb 86ppréss the occurrence of
per pendi cul ar magnetic recording nedia. Fig. 2 shows
Where, Shahiionaefl abla i@&ﬁ?ﬁlcﬁlaﬁﬁhé&r&ﬁé RRYrdlrinhdyiand WATE

output reduction rate of 90Co-4 6Nb nonol ayer film

 ondort &y 2o Ry SN OCRS Rk tbhony BTN, VATE pup

oyt put r.ed lon, ra is limted t % | ess. at a
FRbiEn e B OGBS, ool i o ubble B npt o B the sof
one discerns that the WATE qutput reduction rate is, .
pagretie ynqeglagsy, Srom thedigyre, angdispssithat the WATE P Erdpgiion rate is
of 0.7 or less. In order to control the crystal growh
Hinftecttoj 1390 arfless &t pmaenetia anisotrony Fasioi of IrOé&wdiynngmcy , one discerns
| ayer, not only the orientation control |ayer, but also
thiatethe WATTR butputi reduction mte isdimitedito 6% artiess atim thegheyic pyiseoipy ratio
magnetic underlayer 2 is inportant. Fig. 3 shows the

of).Avd less. bet ween SNR and the hal f-w dth of the Rocking
curve (A050) of the 90Co-4Zr - 6Nb soft nmgnetic
underThayds tecetfrobthe wkyital Biodktn Gisstion6Dperpdhdichlag agnetio Metording
di scerns that SNR is 13dB or nore when AO050 of the

R9ér! noresne theCoreREB6r Sot@b! laFer BSiSaldoAR crysEF i @@ftion ¥Bfrol of the
discerns in particular 15 that SNR is 15dB or nore when-

fiyR schhgﬁ%%gi% gﬂﬁ?ﬁ%iﬁs Hﬁﬁ@t‘éﬁtag’?% 31 ho€8® réIdh Hetween SNR

egr ees; e er di'scern hat SNR is 17dB or

.AQ5 , ' i )
PR e A58, 88 fid e TRE SO ARY b GRner
it 2l e R e o 4R 0 o e

degr ees.
when AB50 of the soft magnetic underlayer is less than 7 degrees; one discerns in particular

that SNR is 15dB or more when A050 of the soft magnetic underlayer is less than 6 degrees;

and one further discerns that SNR is 17dB or more when A850 of the soft magnetic

‘underlayer is less than 3.5 degrees. Thus, in the present invention, the half-width of the

Rocking curvé (AB50) of the soft magnetic underlayer 2 was limited to from 1 to 6 degrees.
It is more preferable to limit it to from 1 to 3.5 degrees.

The half-width of the Rocking curve (A0650) referred to here shows the crystal-face
inclination distribution of the layer. Specifically, it signifies the half-value width of the peak

of the rocking curve relating to the designated orientation face on the surface of the magnetic
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It is nore preferable tolimt it to froml to 3.5
degrees. 20 The half-w dth of the Rocking curve (A050)
referred to here shows the crystal-face inclination
nolhd won of the layer. Specifically, it signifies
?‘llggzg%%?%gggl ue width of the peak of the rockipg’ﬂJ’%%ﬂ%%l‘””
relating to the designated orientation face on the
surface of the magnetic WO 2007/ 010908

PCT/ JP2006/ 314197 12 backing layer 2. A situation

where smaller half-width of t Rocki ng curve (A050)
values lead to higher crystal orientation of the |ayer
ibacking Biy&l £. ABaban viiRe: sxllephaf-iditoflBeé ROckiA®Eurve (A050) values
measuri ng A050 of the soft nagnetic underlayer is

deR1G6 hiR8s-crydtel ddienfitiol ofﬁl_%ﬁ%g ia‘jn@sszé‘k posi tion

determnati‘on, as shown i . the disk D on which

the s ' I ' r on..the, surface

Si'de- oy PERnEls AR T ool 20 8P Uon il Snderayer
f.rom an i nci dent source 25, and diffracted X-rays 22

a‘f’ges dected by a diffracted X-ray detector 23. The
position of the detector 23 is set,  so that the angle of

the &DrWith gesaert 5o peksposipio deterningiiops as shpwn de Fige dothe gk D on
relative to the incident X-rays 21 (the angle 10 of the
ovhiely the sefy mxgredly ymderlayes is fg pmﬂlen@rf@o&tsmgas irtpdiatedesitipincident
of the incident X-rays 21) is tw ce the incident  angle
OX-ofys 2h emitterl filem tan Xagidens s@dce- 25, laad difsactdOXrays| 22t dre deteated by a
the disk D -surface. When irradiation is conducted wth
tdiffractad Keandetetond®s Phe paition 20 tieciztenion@3 ikt kwothai the angle of the
conduct ed which neasures the intensity of the :
diifffattad Kadys0Y di¥ested Dy Bis HétectsteB eelbdre to thd, indMiint B-rajbe21 (the angle
incident angle O of the incident X-rays 21 is changed

Rf e @iRictd X-Bsys DD rofaliRoathd Oterding! IRRs 9 B e indiBeht Hiys 21) is

position of the detector 23 is changed in conjunction

‘éigfwrgetpé !Hcﬁeﬁtoan'g,}ﬁ(se olf ﬂ%i igélg%n? %@Iragé 2? -—%gtf i 25d ggg%firé %ﬁle disk D

Ive to 21 renal ns
(that i an angle .that, is tw ce the ingident angle )
of'’#%%e IVRET 6‘5321%3%5(‘-1 % yendugtpd with the,incidept Xpyays {Z]ne“ §-°28 Scanming
rel ation between the intensity of the diffracted X-rays
apetiagids eondugted which meagyegsdhepintensity of the diffracted X-rays 22 by the detector

23, while the incident angle © of the incident X-rays 21 is changed by changing the
orientation of the disk D, and the position of the detector 23 is changed in conjunction with
this so that the angle of the diffracted X-rays 22 relative to the incident X-rays 21 remains at
26 (that is, an angle that is twice the incident angle 0 of the incident X-rays 21). By this
means, the rela.tion between the intensity of the diffracted X-rays 22 and the incident angle 6
is studied, and the position of the detector 23 is determined so that the intensity of the
diffracted X-rays 22 is maximized. The angle 20 of the diffracted X-rays 22 relative to the

incident X-rays 21 pertaining to the position of this detector 23 is referred to as 26p. From
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is studied, and the position of the detector 23 is
determ ned so that the intensity of the 20 diffracted
X-rays 22 is maxi m zed. The angle 20 of the diffracted
elative to the incident X-rays 21
?elp?g?ﬁo?%g‘)&to the position of this detector 23GT4P2006/314197
referred to as 20p. From WO 2007/ 010908
PCT/ JP2006/ 314197 13 the obtained angle 20p, it is
possi ble to know the dom nant crystal face in the soft
magnetic underlayer surface. (y¥th respect to
determ nation of the rocking curve, as shown in Fig. 5,
ttheobtaigédeiple 2098 lisSpddsiBlk té Row the deRHanterystl Facd In the soft magnetic
changed by changing the orientation of the disk Din a
QunddBl 6 RLe the detector 23 is fixed at a position
where“the angle 20 of the diffracted X-rays 22 is 20p,

Dot wodt T Pt 6ok Bidi et nd s fole SR el By S it

diffracted X-rays 22, detected by the detector,h23..1n,, X
Foale B S iAo 2 G BIDERE GG, OTghe disk D in
position where the angle 20 of the diffracted X-rays 22

i statep@here theivlsteetor B3 isdixed at/epasitionedwresthe prglel2® of the difirasted X-rays
of the inclination of the crystal face of the soft 10
re2gn2dp, andld deking yearve Simbdeoehitiebiinis e reatibhBetaredkth®incident angle
face. Fig. 6 shows an exanple 'of a rocking curve. The

Mol 1 ifffeRsifof R fRACKE RbaGiti Ve R BY tneefbRiol b8 Sinldaer to fix the
hal f-value wdth of the peak show ng the pertinent
ori.entation face.in this rocki curye..Jo .abtai.n the..,.
oG9 e BerreBr a2 o st 7 e A o R S 2 i 20p,
the primry surface qof the non-npgpetic bstrate is

i'-E'b’E?F UV expyERses G AisBibrtiansof; the, ingfination of the cryptl Tage of the sof
15 no flaws on the surface aft.erdgolishi.ng, and it is
dnagpetirownsdesayey surface relativectopthe gliskdp facet j Figt ¢ shews an example of a
pol i shing marks, and that average surface roughness be
mockidgecurvel. (Che Tiaktwadth of the Roekiag cwrme (ABSO vegmifidshtbe balevakgowidth of
surface roughness of the substrate and /x050. In order

tthe peak aliowidg ths pediaaR oMbiitRn A2 h ths rBckilagieas or | ess as
required by the present invention, it may be inferred

that  FYenagR uRhd d@%gﬁé%géﬁts@vérﬁﬁﬁ, 8F doléhisd! RRHE 8A he primary

seed surface shou nm o

surface of the non-magnetic substrate is important. It goes without saying that there must be
no flaws on the surface after polishing, and it is also necessary that there be no directivity of
polishing marks, and that average surface roughness be minute. Fig. 7 shows the relation
.between the average surface roughness of the substrate and A650. In order to obtain a
surface where AB50 is 6 degrees or less as required by the present invention, it may be
inferred that average surface roughness (Ra) of the substrate seed surface should be 5 nm or
less, and in order to obtain a surface where AB50 is 3.5 degrees or less, it may be inferred

that average surface roughness (Ra) of the substrate seed surface should be 3 nm or less. In



10

15

20

A P P e Ay o, SRR [EPUSTI

20 less, and in order to obtain a surface where A050 is
3.5 degrees or less, it may be inferred that average
surface roughness (Ra) of the substrate seed surface

S nmor less. In W 2007/010908
ngﬁég@g%@§314197 14 order to obtain a non- maltfréF2e06/314197
substrate having such surface properties, polishing

that enploys colloidal silica is effective. That is,
using a polishing tape and a slurry containing
colloidal silica abrasive graH , the primary surface
of the non-magnetic substrate I's subjected to polishing

VWoidkr RNEbtam %Bl?—ﬁrfa@ﬁvﬁic%bﬂraw ARy sudh Stafede f.)ﬁ()?ﬁ'titase, Hol§tfng that

processi ng devi ce. en a soft nmagnetic underlayer s

f A .surface of a non-magnetic
S%@tﬁgsac?@ofﬂ lf‘s(l:lﬁra i i 9

has™ undergone this type of polishing

S 1 e 8 ook Send i £ e 338l Sy ORI arin,

of, | ess and SO magnetic. underlayer, with a 0 of

e it gt Ok heTRE oA, FHGEHS ik SBPISHRS 1 oLt park one
texture processi ng device is conducted b accordjng to .
¢ FOSiFES Pbyi tige Pysf éﬂiﬁt-&@sda&tge RepeFssing davighd When p st cegnetic
schematic view of the polishing work conducted by the
shedstlayey ja foumedypr the geiaesy syfage \afce nopimpeneis pupshate which has
frontal view, and Fig. 8B is a side view -As shown in
Fhglergo8a thin Ay B prdishing wetk, tinjseposgibleits bervess eapilsitobtein a primary
prescribed 15 application pressure by a roll 104 onto

t burfaseiWithcan afveragre surfice maghedss (Re)ubf 6rat eor llesshargha iseft magnetic
fixed to a spindle 101 and rotated thereby. Slurry

C oifedlhytk Mth@QoS0bflfto Gddgie@st abrasive grain is supplied

bet ween the polishing tape 103 and the surface of the

non- MegRehbishigP Vol be the sﬁ&g-wlggoﬂektﬁm Eho¥Rin% device is conducted

conducted by the grinding of t'he substfate suarface. .

Tgﬁ:&gglgtérf) iﬂ'?e Bf]g\fvﬁg %QAi@ﬁoE%rete ﬁﬁp@%ﬁ%ﬂ% sglﬁaw:aﬂsghén%ilc view of the

astic maferi a
g?%lfeséing ngOéIQ Fﬁr&c{&aﬁ%ﬁg &Igessixgeg-gyei:% dea){%lgre ggg).sciesréinglcfevf.ces. Fig.-8A is a frontal
view, and Fig. 8B is a side view.

As shown in Figs. 8A and 8B, polishing tape 103- i: bressed at a prescribed
application pressure by a roll 104 onto the surface of the non-magnetic substrate | which is
fixed to a spindle 101 and rotated thereby. Slurry containing colloidal silica abrasive grain is
supplied between the polishing tape 103 and the surface of the non-magnetic substrate 1, and
polishing work is conducted by the grinding of the substrate surface.

Here, it is preferable that the material of the roll 104 be ¢lastic material. As examples
of the material, one may cite rubber and resin. It is preferable that hardness _be' 30 to 80.
durometer. Durometer refers to the hardness measured using a durometer measuring

apparatus; a test load that varies according to the depth of dents is loaded onto the sample
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duroneter. Duroneter refers to the hardness neasured
using a duroneter neasuring apparatus; a test |oad

that varies according to the depth of dents is | oaded
onto the sanple WO 2007/010908 PCT/JP2006/ 314197 15

u OtV % dent er, and the duroneter val ue carPGF&P2006/314197
obtai ned fromthe depth of the dents that occur. Wth
respect to the slurry containing colloidal silica
abrasive grain, the colloidal silica abrasive grainis

m xed and suspended in a disngsion medi um sol uti on
together with 5 additives and"the like. It is

Eiein il 200 e G A0 S o it R RE B SR s tha
pigferable. Wthin this range, the polishing rate is

mel ntai ned at a high level, and average surface

Tt BERDpoed B te. P Bityeh e ool RGeSty e sgloda

roughpess beepnes |arge. 10 It is preferaple that the X
c%'ﬂﬁ% FPIEE B Bringx ar@o?uFWPge&i n g qsl'?rPE’é‘O&BP Yy golptior taggther with
3t0 30 mass % and 5 to 20 mass %is npre preferable. .
Vedditives and dielikggdt is pefomable thay thg average gain pigg af Hierroloidel silica
a high level, and the entire substrate surface

Labdhsivg cgzain (hei T0owk:rSph, st Tly+ MoiskmorBeireforablai sWithingbis range, the
the polishing rate becones | ow, and above this range,

t podisking tatd id ahaintsintd stan i Rsélyamdgiverage suefacksroughr@ed is sthbll. Below
As additives, one may include alkali netal ions,

Ctiisheipe Cthat Ebl@klﬁnfg&hté ibZédntks AGE LS abovB ithis raigt,|dvergga@eBésSroughness
and the like, and it is preferable that the dosage of
tResReAslgtt i ves be within the range of 0.01'to 20 nass

% The carbonic acid is conventional organic carbonic

aci d ' ' | | . .
fig% ?Fe?%t?lgg gﬁgﬁﬁg& {0 'oF fid c%ﬁ%%s'ﬂﬁ:ﬁ%ra&@gﬁrlagl be 3 to 30

f unct group or - group.

BPLYFERE o A S 8RR, SRR e pin e s

nr?llailelt%llillleg 3ta high level, and the entire substrate surface undergoes uniform polishing

work. Below this range, the polishing rate becomes low, and above this range, the colloidal
silica abrasive grain tends to gel.

As additives, one may include alkali metal ions, carbonic acid, oxidizing agents, anti-
gelling agents and the like, and it is preferable that the dosage of these additives be within
the range of 0.01 to 20 mass %.

The carbonic acid is conventional organic carbonic acid possessing among its
molecules at least one functional group of -COOH group or —COO- group. This includes at
least one type of carbonic acid selected at one’s discretion from, for example, low molecules
such as gluconic acid, lactic acid, tartaric acid, glycolic acid, glyceric acid, malic acid, citric
acid, formic acid, acetic acid, propionic acid, acrylic acid, oxalic acid, malonic acid, succinic

acid, adipic acid, maleic acid, itaconic acid, glycin, lycin, aspartic acid, and glutamic acid as -
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such as gluconic acid, lactic acid, tartaric acid,

glycolic acid, glyceric acid, malic acid, citric acid,
formc acid, acetic acid, propionic acid, acrylic acid,

0 ' ld, malonic acid, succinic acid, adipic acid,
rrg@eilog-”@g%og, itaconic acid, glycin, |ycin, aspH¥{F2006/314197
acid, and glutamc acid as WO 2007/ 010908

PCT/ JP2006/ 314197 16 wel |l as pol ycarboni c acids such

as polyacrylic acid and polynmethacrylic acid. Oxalic

acid, citric acid, malonic ac¢pd, malic acid, lactic

acid and the like are particularly preferable, because
awéll B TpdhattdliciBids Sl as DolfBérP AAMELhdMMYndtRRPRIcARR. Oxalic acid,
used. 1n contrast to batch-type polishing, it is

PEifefcSfcRh nfaldrfi@ hoill,n hife id i icRfatg]

H (;r cdc rﬂf‘t cill Balw?aﬁ, lbﬁe ?:l bid nglb]ﬁoérg ng elcgfé{‘lg rpgerfr't]arable,

exanpl e, IS prerera at t

BN T s T e BN PGl Rgtg, | o
A P e T B B B e o
NS 5 e el 6 ol ol SR Lte kS 1 s

surface is uniformy processed. 10 Wth respect to the
SHARFOXImately 21 19 4nis ise) prefasable #nd aRroxigatsly; & 1. § y5outill more preferable.
polishing, it is preferable that the slurry be

s Wiithini thig ragge.@ highepobishing reterig meipgainedA f | ow rate of 10 to

50 m/mnute is appropriate. It is preferable that

cont i Mrthsdispepgidnymexdium coldtiorn, enk nigy ¢itegfor pxame; svatey, alcebol and the
these results in uniformprocessing of the entire

shiltes tWatbrds partifubaly. préfédables ssipembstiate shffecefiolnifdmnhyoproagsed.
weave-type tape, flock-type tape and the Iike may 15

be usewlith aggect to the shirBf @ipplyl MethdiRlin céntlast tojasehtthgd polishing, it is
cont ai ns pol yurethane in the nmenber configuring the ‘

t feRrabRSthit the Slurfy b QuppRENDRD the2PBlishindi t8peS NAPAGS rate of 10 to 50
abrasive grain to be constantly retarned on a new face

V‘Bi/#nﬁw@% &@chprﬂat_%. URWQ %?Qferaﬁfédtfh&néﬁhﬁ?ou‘s RGp@i9 %Uﬁndﬂ{ﬁd during

uniform processing. It is preferable to use tape t

C]Si'la Ee%élﬂgci PRSI A \Fiifoln bggesgﬁgg%e G Ll Qurbg

With respect to the polishing tape, weave-type tape, flock-type tape and the like may
be used, and it is preferable that it be tape that contains polyurethane in the member
configuring the tape. As it is in the form of tape, this enables abrasive grain to be constantly
retained on a new face while the tape is unwound, and enables the conduct of uniform
processing.

It is preferable to use tape that contains polyurethane in the member configuring the
tape, because it is configured with the inclusion of material that has elasticity, and that
enables the abrasive grain in the slurry to be fully retained. It is therefore possible to
suppress the occurrence of scraiches due to the abrasive grain in the slurry, because the

slurry is smoothly retained on the surface of the tape.
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20 tape, because it is configured with the inclusion of
material that has elasticity, and that enables the
abrasive grain in the slurry to be fully retained. It

e possible to suppress the occurrence of
sgﬁ‘@Eﬁgéﬁgue to the abrasive grain in the sl uF¢EAP2006/314197
because the slurry is snoothly retained on the surface
of the tape. WD 2007/010908 PCT/JP2006/ 314197 17 In
contrast to the application pressure of polishing cloth
in batch-type polishing, it 3 preferable that the
application pressure wth whi % t he polishing tape is

| Pr eg§ @it i
o) i ST FRlagebpedbrd ARG ot b e g i

p}E)t e?a‘bfé%ﬁ ea biidiiBn grtéksﬁrer W h:cl? fhe! ﬁhéﬁﬁ%%!ﬁ%l i$ mtr;ﬂessed by the roll

aln a S I ent mount o I ng,

p : e?ge fo° 6 Ii]q:o 9%%% f §294{ totsggﬁﬁ o 7'14 c'n’??j is fnore I?referable

ra e be retrreve

C

AU rsrr%ﬂ 'tesomsrlﬁ{sﬁﬁgro@ L GOAE ARt PO iig apsbto suppress
% 6‘P referable that the running speed of the
t B@“HE“%@OF 1485 i nute, and 30 to 50 nnrnrnute i s
still nmore preferable. Wthin this ran IS
possi 3t & Rregebbpthesfée polishing tapeche reewae? érnredrrarteé%e by, take-up
the abrasive grain, the piercing of the substrate .
sdgvicacldobynd et ProtSessisi \be @ntamwugr cprductedpuitip mgw tape face. It is
therein, and the like. It is preferable that the
pmbfeablmglat theerupeing epesdnefdthd urpenbe 10 doeK¥i mgyminuge, and 30 to 50
tension of 4.9 to 14.7 N, and 8.8 to 9.8 Nis nore
pmefminatel 8. st troten pteferable. arilithin tthis tagee ii i pésaibleyto suppress the
retrieved without snarling, and the entire substrate
sedchéee iof stiichadrvyl tie Rbrasies pabh, thkSpitrting Sf picefubstedid surface by the
that the polishing tape be oscillated in the radial

dibr@el godin beitsHdnbeBdih@thelelte aiS likadt € si mul taneous with
its retrieval during processing. It is preferable that

its Qpg ﬁr#ﬁfabf& ﬁﬁﬁ? 1RRingd tsg)f@éj%g%tﬁrhgﬁaaérﬁ‘%&? Tﬁﬁ@&t fHension of

to 6 tinmes/secon re pr
rEB QS 1467 ﬁusinf 'é:%?cpb 8%‘%"9’&)1‘8 eéreﬂ&lbi S Myt tﬁlsq'gﬁg%', ﬁl%qape is stably
possi'bl'e"to sup

retrieved without snarling, and the entire substrate surface is uniformly processed.

It is preferable that the polishing tape be oscillated in the radial direction relative to
the substrate simultaneous with its retrieval during processing. It is preferable that its
oscillation speed be 1 to 10 times/second, and 4 to 6 times/second is more preferable.
Within this range, a sufficient amount of polishing is obtained, and it is possible to suppress
the occurrence of scratches and to obtain a surface with a uniformly polished state.

During processing, it is preferable that the rotational speed of the spindle attached to
the substrate be 200 to 1000 rpm, and 500 to 700 rpm is more preferable. Within this range,
a sufficient amount of polishing is obtained. It is also preferable that the rotational direction

of the spindle be oppcsite to the direction in which the polishing tape proceeds to be taken
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t he occurrence of scratches and to obtain a surface
with a uniformy polished state. 20 During processing,
it is preferable that the rotational speed of the

[ ached to the substrate be 200 to 1000 r
jﬁgqg%ﬁH@%§7OO rpmis nore preferable. Wthin %QFQQN%Q%“”97
range, a sufficient anpbunt of polishing is obtained.
It is also preferable that the rotational direction of
the spindle be opposite to the direction in which the
pol i shing tape proceeds to be1 aken WO 2007/010908
PCT/ JP2006/ 314197 18 up. This allows the state of

CNU RIS al®dwst the stafl dfTohta@ Jf MEpolisking Bpe SHP HlersBbsRratWfB%0 be a
to be a nore closely adhering state, and allows the

PiRbleSsf1g adiRRRg EtQte,b&d§ﬁ|9v9§ Bk Yollshfhe ta]ﬂe%o BOGadHRAP ! C

substrate that™ has conpl eted, the polishing process

beconeg,t g—l%a??aﬁ:t Sl t@aﬁﬁlgs{kg}l{,&gﬁt@% @Bhsglg{%ifgfs&gé BSomes the

medi um rate obtal ne
[ I ' he .radi al di i on, d,the.
PUPRED b i e Byt kg e A SR b i s way has no

pol i shi ng marks in.,.random directions [ts.surface are
PRoHETP devpin e el Piior and e SRAToh ke Proate A R S fes.
radial direction - that is, the state where, polishin
receolishing magks; i edoms diggetjans proils gurdics g iiisible. Bere, the lack of
polishing marks in the radial direction amunt to 2
nabrtantiva diawghia nthe iradial| direstgre ot theinisofhet fiate evhere polishing marks are
substrate surface is conducted wth the naked 10 eye
uindfigiblei +signifieatd otate were pokishingomads ingbié wadial (dirsetiont amount to 2
snoot h, and has a surface wi thout any substantive

f tarls/face whérevisuadl inapectivr efaheé antire subsirateasgyrfets is corelodediitly the naked
medi um obtai ned by formng a soft magnetic underl ayer,
ngygniaddr dllungiyetionand protective | ayer using this nmedium
substrate is able to nitigate the occurrence of nusic g

error As ietRRY of eitdiunt Whibshste ais"BAGH, | £nd1Ras @ CREEie Yithout any
medi um suited to high recording density. It is

Pabithfiive afidwe B BleChafl QiredREAHR Cmbdneti€ 38 | ]%él SRldfint B6tained by

occurrence of errors along f1 aws in radial direction.

glgﬁinﬁggshgh 8l en?}éﬂé%g lxﬁéﬁgﬁtﬁﬁl 18eP G Froteafile 18fkr Ahink Bfis medium
substrate is able to mitigate the occurrence of music errors, thereby constituting a magnetic
recording medium suited to high recording density. It is particularly preferable, because it
can mitigate the occurrence of errors along flaws in radial direction.

Next, after the previously explained formation of the soft magnetic underlayer 2 on
the surface of the non-magnetic substrate that has completed the polishing process is
conducted, the orientation control layer 3 is formed.

‘ The orientation control layer 3 is a layer provided for purposes of controlling the
orientation and crystal grain size of the perpendicular magnetic recording layer 4 positioned

directly above. In the magnetic recording medium of the present invention, the orientation

control layer 3 is con;lposed of material of hcp structure. As the material of the orientation .
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the surface of the non-nmagnetic substrate that has
conpl eted the polishing process is conducted, the
orientation control layer 3 is forned. 20 The

' ] control layer 3 is a layer provided for
Sﬁpggggé&@ controlling the orientation and Jr§Fa|06/314197
grain size of the perpendi cul ar magnetic recording
| ayer 4 positioned directly above. In the magnetic
recordi ng medi um of the present invention, the
orientation control |ayer 3 55 conposed of material of
hcp structure. As the material”of the orientation WO
20410610429 81t RCIreARAROR/ 13d hhBfial doRtabfify 5®@htod 3YRbref ohé or two or
is preferable to use material containing 50 at% or nore
Ohor@ RRnRhts s¥Rcta fmrmrn%ngrg ANy Sz,5 RLERE &5k, ThAHA @D Ahohb these, it
Zn, Y, Zr, Ru, Re, &d, Tb and Co. Ampbng these, it is
y . r e . .
ﬁgggﬁnﬁ%ﬂ #rgfe%feftﬁg@p e drOhe-iffer %th lgélzlste kD %‘3 ku’s éxs ‘ﬂfls f?ﬁater]al, one

this materi a

TGRSR TR Pl 08 7 BB 38 s o
;Erzlonggl' ¥ ’nk,) Y;Z%&%?%@?d, %ﬁ%&l Elﬁzé(se),éfpc ﬁfp?("glap ng _orrlr%a)? l:i%eeRu, RuCr,

oriengg ion . control layer 3 wwth a thickness of 50 nm
UG eV &rNi; ey Inand s@pe, and 30 rimor less is
preferable. Wen this |ayer thickness exceeds the ‘

af or erfenaricatqtien eqpfrgblayer Aavithgy thickness of50gtm erlessds Bighly suitable, and
grains in the orientation control |ayer 3 becones

| 3rmgeor lassds pieferabde. Wheprtbisilayepthickiesh exceeds thgnforementioned range, the
per pendi cul ar magnetic recording layer 4 tend to

cgrain ssize. of] the icgystal gminsnatthe neéreatimn| contrdlelayan Sebdchmes large, and the
di stance between the magnetic head and the soft

ngghetic particlerda theegiendicalal hileticrRsrding thyends te@d Sesoarst €lt is also
resolution of the reproduction signals decreases, and -

NQit SPefBPRE bédate MEtEIARE HeBveeNIhe MbShdtc IRl SNH ahd QR Magnetic
t he "per pendi cul ar magnetic recording |ayer 4

. . . : ‘ .
?\ﬁfdﬁﬂdyﬁ{ @Pﬁ%ﬁ;‘ rfecotrﬁlﬁ% Fngeﬁﬁg,t%é RS IRl Be xjeér’régﬁctngn g@n&l@&creases,

[ s prefera 15 1t be for
. . i | i N
 SUCHEES Broplruly dcrbiRelty TR SrystorBALRSH Bt W Blrp ARG Ifgneri

recording layer 4 deteriorates if the orientation control layer 3 is too thin, it is preferable that
it be formed to a thickness of 0.1 nm or more.

The perpendicular magnetic recording layer 4 is formed on top of the orientation
control layer 3. The perpendicular magnetic recording layer 4 is a magnetic layer where the
easy axis of magnetization is perpendicularly oriented relative to the substrate, and it is
preferable that a Co alloy by used in this perpendicular magnetic recording layer 4. As the
Co alloy, one may cite CoCrPt alloy and CoPt alloy. Moreover, one may use an alloy where
one or more elements selected from among Ta, Zr, Nb, Cu, Re, Ru, V, Ni, Mn, Ge, 8i, B, O,
N and so on are added to these alloys. The perpendicular magnetic recording layer 4 may be

given a uniform monolayer structure in the thickness direction, or it may be given a
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control layer 3. The perpendi cul ar magnetic recording
layer 4 is a magnetic |ayer where the easy axis of
magneti zation is perpendicularly oriented relative to

t te, and it is preferable that a Co alloy b
u@ﬁ%ﬁ["‘ﬁ s perpendicul ar magnetic recording ‘T%E’F%&’?Y‘”g"
As the 20 Co alloy, one may cite CoCrPt alloy and CoPt

all oy. Moreover, one may use an alloy where one or

nore el ements selected fromanong Ta, Zr, Nbo, Cu, Re,

Ru, V, N, M1, Ge, Si, B, 0, H and so on are added to
these all oys. The perpendicul& magneti c recordi ng

| AVRiayér dRYREthaliaMfiiktd aumrmfr _Qtefapraaeyea gk AURition Iﬁy@v%ttbs ok o alloy)

the thickness direction, or i e given a

tz'%lgty l?%eqm%%g?ggg@t] F&QQ glleéflsﬁgggg SF@F 'Ti'#l:)t iIll. eet['anﬂtig{r' grfegﬁ Fayer, one

|FS a aygr CF rgns; |On|ne

Co

(5B B 5o s By, s 0 alfeys G s EERRARAGy g fep ey ey * °

oG Pt e Enesy of (B8 RPNl UlAr MRSt RRCIIHELIEY5 ¢ AL be appropriately

per pendi cul ar magnetic recording | ayer 4 may be .
a‘ﬂﬂ%ﬁdi aggq;ﬂxyg tog ﬁgrqﬁugw %%ﬂ@; ﬁgoq@t,tbﬁbas problems such as noise
reproduction output that is sought, but as problens
spreperySletepioeation prciselutiondistesiptativmiend e eoger whendhigknesnis excessive
deterioration tend to occur when thickness is excessive

t thickhese swithnieither ethe meonoidyer stowsbiratepe et thecmultidayey sruature type, a
the nultilayer structure type, a thickness of 100 nm
othidkesss of H)0hingbd lyssdsihighil lseitabknghd® thd 00 6A isprefesable.

preferable. Furthernore, the protective layer 5 is

f or me Fupthierirege, She ptRtied lavbes Refopaed of Yheasurfadd ofregnRipeadicular
recording |ayer 4. The protective |layer 5 serves to

PmaYRAL r&RFdiIRS 188r Af THE proRRARENYECH | sBived BIPRVER corrosion of the
recordi ng |layer "4, prevent injury to the medium surface -

i"ﬁﬁh}ﬂﬁﬁﬁlﬁt iR | Eeoh@iRg! Lag?lc\% Zdr{;évt%ﬁtte fﬂﬁ;arfﬁij{hg r}}ledﬁ.gxg gﬁ‘rga%g lWhen the

cation properties gnetic
R P P L8 N s b s
CRRSEL e384 BrbeBis e S S B 5,

containing ot her elenments, It is, preferable that the | )
101: may be a simple composn?on 0 5 (carbon), gl(?z or Ze;'{)z, or ?t may use material having

these as its main components and containing other elements. It is preferable that the
thickness of the protective layer 5 be within the range of 1 to 10 nm. The soft magnetic
underlayer 2, orientation control layer 3, perpendicular magnetic recording layer 4 and
protective layer 5 may be formed, for example, by the sputter method or the like.

Finally, the lubrication layer 6 is formed on top of the protective layer 5, and the
magnetic recording medium is completed. This lubrication layer 6 may use gonventional
lubricants such as perfluoropolyether, fluorcalcohol, and fluorocarbonic acid. Its type and

layer thickness may be appropriately set according to the properties of the protective layer
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t hi ckness of the protective |ayer 5 be within the range
of I to 10 nm The soft magnetic underlayer 2,
orientation control layer 3, perpendicular magnetic
recording layer 4 and protective |layer 5 nmay be
WOreid10998r exanpl e, by the sputter nethod orPGTAR2006/3E4197
Finally, the lubrication layer 6 is forned on top of

the protective layer 5, and the 20 magnetic recording
mediumis conpleted. This lubrication | ayer 6 nmay use
conventional [lubricants such as perfl uoropol yether,

fl uoroal cohol, and fluorocarbdhic acid. Its type and

| ayer. thickness e ropriately set according.to

il iR to e tivd pf I ieaiert @ e dpupaiing o G vp g gelaver one
PCTI JP20061314197 21 and |ubricating agent to be used. '
VIRBhuse denamplegthe spinregatmithodn of the | ubrication I ayer,

one may use, for exanple, the spin-coat nethod. Fig. 9
shows Figh@ sbows thgwonfigusationfof theanametiveerarding end thpragucingl apparatus
reproduci ng apparatus of the present invention. 5 A
nefdiregtresentrieeantion.ng and reproduci ng apparatus 40 of the
present invention is provided with an aforenenti oned
magnetA enagegier gcaidingeaidunprdBuoidy dfparapise4® ol thenpbdnt ivention is
a mediumdriver 26 for driving this in the recording

dprbAEdd With ardafoRaRAtdHed RRERkte fedofid SlbditE 30f0T P fesent invention, a
recording unit and a reproduction unit, a head actuator

28edi@th dEPRDEHE Gigviﬁ%ih?stih\ﬁ?e reSRUREBRECtA, & MEmEBOREE % configured
head 27 .vis-A-vis the magnetic recordi ng nmedi um 30, and

fl

2% .a%&:‘?&iﬂ% %91t "ahé? raorgg’rﬁ%l\gﬁ?% $hig rhaheaﬁ}’a%g{élég? ﬁ%gﬁ%ﬁg g relative

| n_es SI gna dl np_ut ( le magneti c ; g _
ERRRTRE IR bR 21 PR SRt Eb S, and o

head,27. By, conbi, ni t h 0 nents,. it | ossi bl.e
TS°griG FepEpduciiopenal otemaR bl SFGC e Tl (PYh Lo e ragnetic head 27
recordi ng, density., As,SI\%R is high and the occgr r,encn;; of
TR, 3 resingnEPRPAIGsiRn HEnA! PIRessiE gk poRducting feprogyqlion pT the output
medi um used in the magnetic recordi ng and reproduci ng )
Wkﬁqgsmgﬂnqgnglcﬂqe@dsg}]my combining these components, it is possible to realize

a magnetic recording device with high recording density.

- As SNR is high and the occurrence of TA is extremely low with the magnetic

recording medium used in the magnetic recording and reproducing apparatus of the present

" invention, a magnetic recording and reproducing apparatus is realized that maintains stable

performance over long periods.
(Examples)

With respect to the substrate, glass substrates and a silicon substrate processed to an
outer diameter of 48 mm, inner diameter of 12 mm and thickness of 0.503 mm were
prepared. As the glass substrates, a non-crystalline glass substrate and a crystalline glass
substrate were used. As the silicon substrate, a single crystal substrate for semiconductor

element was used.
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i nvention, a magnetic recording and reproducing
apparatus is realized that maintains stable

per formance over |ong periods. (Exanples) Wth respect
to the substrate, glass substrates and a silicon
WhAWOT/MOYBpr ocessed to an 20 outer dianeter BET/ABOGHHL4197
i nner dianeter of 12 mm and thi ckness of 0.508 mm were
prepared. As the gl ass substrates, a non-crystalline

gl ass substrate and a crystalline glass substrate were
used. As the silicon substrate, a single crystal
substrate for sem conductor @& enent was used. WO

2007/ Q10908 PCT/ JP20Q6/ 314197 .22 Lappi

conauBRRITE P KA RGN & BF SYHeHE YD) BE PR o1 improving form
I nproving form accuracy and di mensj onal accuracy. The

| PR eriegalaGeRRyt dde lappingovask #geso §$tbemafW° stages using a
| appi ng devi ce. Subsequently, the prescribed chanfering
WaEPieD e¥nberquenily, &Nrmscrawd chamfesing (yeasiconducted o theinner and
substrate, and the end face of the inner periphery and
evuterfpacpheny of the suttraetapd theeanid Fiverof theeineer pebiptecy @l dnd face of the
brush polishing using a polishing brush. Next,

paiter phiiphgrywernk sutgectetan trush pelishing utieg ®polishing beushf ace on

whi ch the magnetic recording layer is provided. Wth

r es pe®ext, GolisHingPRbrk Skdst@nduereld on AR nRaryGuiEde dhOMHEThe Ghagnetic
per substrate with a texture processi ng device using a

PRLdrdi) r%'eﬁ%eﬁtmﬁﬁ"t Withi89ed b kRl Skhing Woki€ %oﬂ&'h%sxkré‘seconducted

grain. respect to this colloidal silica

2}?4}' g 9’ WIM&%QQ%)?&\%\%?H be V\gééﬁ%és:g ?smrﬁsdﬁgﬁpcgﬁtraﬁl#@ colloidal

as -t Ire

tati onal speed of the substrate was set
a%ﬁ(%.&grﬂ%lgg %%b S

rpm and poli shi ng wor k was conduct ed

I 4 '%%w@%%%%s i reliied B oBhdE @&mb Bty arasive
BB aRe] 20 P DR Balea gV b PR Rgen e roatonsl speed of

the substrate was set at 500 to 1000 rpm, and polishing work was conducted while applying

a polishing cloth at the prescribed pressure of 98 to 686 kPa while dripping the colloidal
silica polishing agent set to a polishing agent concentration of 1 to 50% onto a polishing
cloth made from polyurethane.

After conducting adequate final washing of the substrate for which the polishing
‘work had been completed, it was passed through an inspection process, and was used as a
magnetic recording medium substrate,

The surface roughness of the primary surface of the substrate obtained in this manner
was measured by the tracer method. Results are shown in Table 1.

The washed substrate was placed inside the film formation chamber of a DC
magnetron sputters device (C-3010 manufactured by Anelba Co.), and the interior of the

layer formation chamber was evacuated until the ultimate vacuum was 1 x 107 Pa. -
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15 cl oth nade from pol yur et hane. ﬁ¢ter conductlng
adequate final washing of the substrate for which the
polishing work had been conpleted, it was passed

t hrough an inspection process, and was used as a

MY @PE¥VMIW0RCcor di ng medi um substrate. The surf aREIP2006/314197
roughness of the primary surface of the substrate
obtained in this manner 20 was neasured by the tracer

met hod. Results are shown in Table 1. The washed
substrate was placed inside the filmformation chanber

of a DC magnetron sputters de?i ce (C—3010 manuf act ur ed

b elb d the i terlor of ro..
¢ Suhe Dy o bt 8saf sRaathe idepeber g Kefse i three layers by
vacuumwas 1 x 10-5 Pa. WO 2007/010908

PETResping G En 2 §6Co-HZr-ShibsEqurentent 90 gbb, s sontamsst atde, &b epntent 6
soft magnetic underlayer was forned in three | ayers by

getie) Bta s0f nHnetiv lafer, P08 mm 47 Ru tEd}Ibr, a5 Cmn LEMCHAZaND (Co content
content 4 at% Nb content 6 at'/o0) as a soft magnetic

| Bk, Zr chnimt B fatRUND doritént 634). SSub3tate he AL vl bt @dﬂ@ucted at this
(Co content 90 at % 2Zr content 4 at% Nb cont ent

a_ttn@e aﬁ'g%nggﬁétﬁ: ﬁa@t\#a? ?13}9%§se@ By &W@g q%%ﬁeﬁchﬁﬁd _%rom the outer

magnet i c was i npress orienting

t rd the
Rﬁﬂ PRENBhAR 04 i refE B MU re m‘fﬂ’ Fouher

substr Wth r e 90 4Zr ne

 ayer 3#%@68%&5%@@?%%&15&5@%? R ob e e formed

the saturation magnetic ani sotropy and hal f-w dth of

t e e ananpgy, &g spBirationomegnetif pRisqioRY 3 dalf-yidthyefithe Rocking curve
respect to saturation nagnetic anisotropy, the MH | oop

i fA®F02 werednedsurdd.r ecti on  and circunferential direction

of the substrate was neasured by a vibrating sanple

magnet ayigi REpetiVoMaturalibh ndgheticaistiiedy, e MHJO6Y inCthé radliad direction
in the radial direction as Hw and the saturation

"Bgd editcimtdr&itid] idtedtt 6f Rif FRERBT Wa nbabB&d b9Na BAbrating sample
Hine, the ratio of these - that
magnetometer (VSM). With the saturation magnetic field in the radial direction as Hmr and
the saturation magnetic field in the circumferential direction as Hme, the ratio of these — that
is, Hmr/Hme — was calculated as saturation magnetic anisotropy.

With respect to measurement of the half-width of the Rocking curve (A850), an X-
ray diffraction device was used, and the c-axis orientation of Co in the perpendicular
direction on the substrate face was measured according to the method shown in Fig, 2 to Fig.
4, These measﬁrement results are shown in Table 1.

Next, 20 nin of Ru was generated as the orientation control layer, and 12 nm of
66Co—8Cr—18Pt—8Si0; as the perpendicular magnetic recording layer.

Next, a 4-nm non-crystalline carbon protective layer was formed by the CVD method.

Next, a lubrication layer composed of perfluoropolyether was formed by the dipping

method, and the magnetic recording medium was obtained.
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is, Hw/Hnt - was cal cul ated as saturation magnetic
ani sotropy. 15 Wth respect to neasurenent of the
hal f-wi dth of the Rocking curve (A850), an X- ray
g#é&%% tion device was used, and the c-axis orientation
W®¥he perpendicular direction on the BGHIRPYA197

face was neasured according to the nethod shown in Fig.
2 to Fig. 4. These neasurenent results are shown in
Table 1. Next, 20 nmof Ru was generated as the
orientation control |ayer, and 12 run of 20
66Co-8Cr-18Pt-8Si 2 as the pe%"pendi cul ar magnetic
recor - =Cr : .
or ot o0yq g reclfitle, pfocknafl APRIF by KGR M, were
|‘l/,lalf£i gati on | ayer conposed of perfl uoropol yether was

r% "by the dipping nethod, and the nmagnetic
recordi di um was, obt aj 2007/01Q908., .
b oA Esratigion. Datert 1 §Rct Tere mabishohtivg which e defeggration
of this magnetic recording mediumwere evaluated. In
\ntheerseraptg afterovgnalsiof Al kF (drwerpprittend 00,080 mgs or # nm-distant track
after which the deterioration in the error rate after
siag medssredf TEEE réshld araelise showintit #ablé 00, 000 ti nes on a
3-mdistant track 5 was neasured. These results are
dCanpapdivesxdntpldiabl e 1. (Conparati've exanple) A magnetic
recordi ng medi um was prepared in conformty with the

exanphnagh¥eceitordinh ded@ wad Pproghroticit coRBAME! Wit B example, except
conventional batch-type polishing w thout using

G0k Qliisﬂﬁ‘x? wagindgh&ﬁtda%y! RViokd] BachBe pollsHiflewakiis ‘i.l!:ilgé ®olloidal

treat men magneti c recording properties were

gﬂ% gﬂfsﬁﬂ§ kiathddfit diﬁ"i‘ﬁ@asu htPPeatriént GHE %?Zeéic!r&oﬁﬁn ' %ﬂﬂ?ﬁl? were

et1 ¢ recordi ng mediumwas prepa in con
Wi t e £x I t conduct i ng...n0l i shi . .
M5 B L1 B8 AR 205514 Al FBaing e v
%Eﬂ%grg Isn':t1 ggnf‘cjsrerx\lliltyc\%it.hI Hhe' gxa?np?el gﬁrgnc%nédcg{zgr \j;o!?siintghoen a non-cryétalline

glass substrate with a texture pfocessing device using a diamond slurry as the polishing

agent slurry, and magnetic recording properties were evaluated in the same way as the

example. These results are also shown in Table 1.
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26 Fromthe results of Table 1, it is clear with

respect to the magnetic recordjng nedium of the

present invention that SNR iszdwi gh at 15.8 dB or nore,

VATE autPHik résﬁﬁ#&fﬁgﬁ. & id ?% )1/@&?5]0%00151% Irr%%&%ﬁ%edium

t he occurrence o i'$ extrene ar e.
ARPLI CABI LI TY.. Aceorgdi t h esent i tion, it .S,

B e ioeh LR SOt PSR AR ER Gt X TE o8B saploto s ow
suited to perpendi cul ar magpet.i c recordi ng by

Bbidht 157 305 et She APCoRPRaT 0L LB BTG B g agent
containing colloidal silica prior to filmgeneration
treatnment of the flat

INDUSTRIAL APPLICABILITY

According to the present invention, it is possible to create a surface state of the
substrate suited to perpendicular magnetic recording by condm“.ting treatment with a free
polishing agent lcontaining colloidal silica prior to film géneration treatment of the flat
substrate to be used for the perpendicular magnetic recording medium. By this means, it is
possible to -control the crystal growth of the magnetic layer, keep the half-width ot/‘ the
Rocking curvel (A050) which is a crystal orientation indicator within the prescribed range,
improve the SNR of the perpendicular magnetic recording medium, and offer a
perpendicular magnetic recording medium suited to high recording densities which were
previously infeasible. Moreover, by means of this surface treatment, it is possible to offer a

perpendicular magnetic recording medium having very satisfactory reproduction stability

that suppresses the occurrence of TA.
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substrate to be used for the perpendicul ar magnetic
recording nedium By this neans, it is 10 possible to
control the crystal growth of the magnetic |ayer, keep
the half-width of the Rocking curve (A050) which is a
VP YWIRI99% i ent ation i ndicator within the pre®ETiBYE6/314197
range, inprove the SNR of the perpendi cul ar magnetic
recordi ng nmedium and offer a perpendicul ar magnetic
recording medium suited to high recording densities

whi ch were previously infeagible. Mreover, by neans
of this surface treatment, it’is possible to offer a 15
per pendi cul ar magnetic rec EE@? medi um havi ng, very
satisfactory reproduction sStabifTity that suppresses
the occurrence of JTA WD 2007/010908 PCTI JP2006/ 314197
1271& Eﬁﬁﬂeﬁ/érecf g W&V@t‘ﬁo@p’flﬂ%r di ng nmedi um conpri sing:

a non-magneti ¢ substrate; a soft magnetic underl ayer
coﬁﬁﬁ@@ﬂg§9°$&§§?“of soft magnetic material; 5 an
orientation control layer for controlling the

or # et magnstic widerlayer composedpt feastiof gofmagnstic paterial;

per pendi cul ar magnetic recordi ng | ayer having an easy
axinsorightatiemenatrollayer dor contzallingsthe auigntdtipn of the ayeridirectly above;
perpendicularly relative to the non-magnetic substrate;
anad perperdiéa tmagaeticagenrdingayeh havirg ahi sppasid afmmdgogtizafion that is
t he non-nmagneti c substrate; wherein a magnetic

ama#siy bfignted ipendictlany Hiaiive afthé hich-madretiOBdeedte;and
underlayer is 1 or 10 less, and the half-width of the
Ragdrbtadive Wy¥e€ whichQRMXisgoSedlon!teh & tHeaine8Senete substignet i
recordi ng medi um according to claim1l1, wherein the

MBGREA% § nﬁéghéﬁta'hﬁgﬁfop)" afid c)"HPﬂlg @Bf'to\ tbgn&Rinderlayer is 1 or

magnet 1 c derl ayer 1°'s 0.7 or less. gnetic

T BT R G R R

7 rr}leatglilff%c L{'Qc(:jo? iLg ¥nee=[iiui1'rls aclcogd?ngst'osclgu%g{,e\SI?érein the magnetic anisotropy
ratio (Hmr/Hmc) of the soft magnetic underlayer is 0.7 or less.

3. A magnetic recording medium according to claim 1 wherein the half-width of the Rocking
curve (AD50) of the soft magnetic underlayer is 1 to 3.5 degrees.

4. A magnetic recording medium according to claim 1 wherein an average surface roughness
(Ra) of the primary surface of the non-magnetic substrate is 5 nm or less.

5. A magnetic recording medium according to claim 1 wherein the non-magnetic substrate is
a non-crystalline glass substrate, a crystallized glass substrate, or a silicon substrate.

6. A production process for a magnetic recording medium comprising:
a step of polishing a primary surface of a non-magnetic substrate by a sheet—tyﬁe texture

processing device using polishing tape and a slurry containing colloidal silica abrasive

grain;



15 4. A magnetic recording nediumaccording to claim1l
wherei n an average surface roughness (Ra) of the
primary surface of the non-magnetic substrate is 5 nm
or less. 5. A nmagnetic recording medi umaccording to
claiml wherein the non-magnetic substrate is a
non-crystalline glass substrate, a crystallized gl ass
substrate, or a silicon substrate. 6. A production
process for a magnetic recordi ng nmedi um conprising: 20
a step of polishing a primary surface of a non-nmagnetic
substrate by a sheet-type teﬁgure processi ng device
usi ng polishing tape and a skKtrry contai ning coll oi da
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04 %uﬁ%g@éﬁ'ﬁ ??l%: %Slﬁglg a3bfl maér%nc &ll’lgﬁeg %’rﬁ&s Halr in ngﬁgltg?t{:em dteflal on

S
S gne ri-ayer~contar ni

matgrial _on the.primary surface of the non-magnetic

sub P%{’P%',ys%%“egf@?&ﬁ“'f% ﬁaﬁ)g&at?,eag t an orientation
control. |layer, a perpendi cul ar netic recqrding . .
65 TR 5 1oy PP Eontiol Ry o Bt e magheci recording
surface of the soft magnetic underlayer. 7., The,

pr oldvis endmprtestivedayer srauentialy, prothe surface of te soft magnetismderlayer.
according to claim6 wherein the slurry containing .
doTheopradiiction progess fyrampgnetieyregprdingongstiyrs @ecording 9 gaim 6 wherein
silica abrasive grain with an average grain size of

0 t@3slry ©orBaining reoloide nsilinat abedsivergraifi @mpoise3(coftaidal SilicaGabrasive
The production process for magnetic recordi ng nmedi um

aQead @tingh dveragt gialh sfee\Wi 0J08td0.5 1 in BRbchirdlidn bEP® I03mass %.
weave-type.tape or flock-type tape, conprised of

BOTHEY SRR proSss T PraRichi Weebidy RERER Secokdiig B IR Sklickein the

recordi ng nmedi um according to claim6 wherein the step
of o . . , Cchin
¢ Bl St Bl o UL E BoctHybetaB0 Buta bVRIRR G, "0
8 . t f [ .

OB odison. tent 40 EPBRG! {oBhalg i ip aPlordnd BRIl € phoren
of, | i shi .1 s. conducted.while rotating the .
R e is SEPd S priae Mspgtap e o e sgpmagneti
1500 rpm

substrate at a pressure of 98 to 686 kPa.
10. The production process for a magnetic recording medium according to claimé wherein

the step of polishing is conducted while rotating the non-magnetic substrate at a rotational

speed of 300 to 1500 rpm.





