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DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM PRODUCTI ON
PROCESS THEREOF, AND MAGNETI C RECORDI NG AND
WEERRODOE NG APPARATUS CROSS REFERENCE TO RELAPEDJIP2006/314197
APPLI CATIONS Priority is clainmed on Japanese Patent
Application No. 2005-206733, 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 Provisional Application 60/702;619 on
July 27, 2005, pursuant to 35 U.S.C. 11 |1 Qo).
TECHNI CAL FI ELD The pr ed¥iiCRIRVEONi on rel ates to a
magneti c recording mediumto be used as a recording
medi um of informati on equi pnent and production process
thereof, as well as to a magnetic recording and

g R GRHIG LR GORBING WEE D BAGKERODNZ ABN PROCESS MHBREDE ,AND
with the progress of various information devices, the

st or ageARRASHORIAORPANE AND REFR O UG INGH P ARATUS

i ncreased nore and nore. Particularly, the recording
capacity and recordi ng density of nmagnetic disks,
whi ch play a central role as external nenories in

conput er s, V. i ' der
such circuﬁ@?ﬁﬁ%@gﬁﬁpﬁgﬁgqﬁikggéﬁggf@E?L%%ggthgent of
a magnetic di sk which enabl es hi gher-densi
r ec Sr@rihgis clipedomizprnese el ?Ro@go-@b%Bméﬁdﬁbd Tuly 15,
pal nt op personal conputers has required a o
208frelHis apiptieatioade pienpdicatispafiled wadens? -hghl il glaiming pursuant to
resi stance, and therefore, demand has arisen for a
3550810, 38 | Aepofithg fiing date efRuodisiogalviepiilisationhd % FO2eisindyly 27, 2005,
hi gher-density recording and has
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



10

15

20

hi gh nechani cal strength. Recently, navigation systens
and portabl e nusic playback devices have al so enpl oyed
wa 20@meea8 ng apparat us i ncorporating an ul tra saBUP2006/314197
magneti c recordi ng nmedium Conventionally, such a
magneti c recording nmedium (i.e., magnetic disk) has
enpl oyed an al um num al | oy substrate having a
Ni P-pl ated surface, or a glass substrate, which
satisfies strict requirenment®, including higher inpact
resistance, rigidity, hardness, and chem cal .
reapodingiappargtus Sithhighgnwee resistenseaterd jtheralgieaficrgad tas prjsen for a
that it enables easy formation of a flat surface
smallisizab | readnetic remuding emedifm twiacl kyabiey ligheytdengify eecording and has
magneti c head flying above a magnetic recording
hi%ap fcRBhicdl _hs@reﬁ%t_hj NRebditlghhavigationt syrenisebmy portpide trawdic playback
or attaining highdensity nmagnetic recording.

deVREEANRT als@Smb i e MBORES Mgl Hpafatlis qﬁcdr@éﬁﬁﬁm% an@ltiAsmall magnetic

come to use nagnetic recording layers of the in-plane

lﬁ&§&§%9kﬁgngethod where the easy axis of nagnetization
I'n e nmagnetic layer is oriented parallel to the

substrate.face. i order to achi i i ghe A
rec Oﬂ‘iVngm&gﬁPéi $ichs2 Flﬁ%?eglgdgeg?r%@g ?llﬁaetdlmén pdé'g'ér rERsHe disk) has
| ayers of the horizontal rec [ [

e B BES A1F, SHEBER Br NG PR AR GREEF (o & B substat
recordi ng medi um endowed with magnetic recordi.ng,

whiely eatisfiesf striciacqiiepenigi ineinding higheeimnact resigiargenteifiy Hgefiness, and
where the easy axis of magnetization in the layer is

chemicahtwebifier. phretliacgiisa silystrete| inadwantagepus e thet) | $nabieseeasy formation
face. Wth respect to a perpendicul ar magnetic

ofraefl@ sokifang soitatilel for redoetion of thh dlyadeight ofiz glagneticdead fiying above a
densities, the influence of a demagnetizing field ‘

miSlelB feBidihd SurkRYNUa My ifdelielgr FedR o Being ildpbisant Sor attaining high-
smal I, and the boundary forns a distinct recording

dTBGNRhE it 28Rt dIng. WibiBotdd Cas'tRS Hlabnekid décobdifig &38r, DAPAAV®RMme to use
magnetic recording layers of the in-plane recording method where the easy axis of
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 6f magnetization in the layer is orientgd
perpendicularly relative to the substrate face. With respect to a perpendicular magnetic
recording medium, even in the case of higher recording densities, the influence 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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thermal fluctuation properties and noi se

properties. Wth the magnetic recordi ng nedi um of the
woeoEpanadiosul ar magneti c recordi ng net hod, as aPCedPi006/314197

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

wite-in ability relative to perpendi cul ar nmagnetic

recordi ng layer, a magnetic recordi ng nmedi um has been

proposed that provides a |ayer consisting of soft

magnetic material called a backing | ayer between the

substrate and the perpendi cul ar magnetic recording )

| ay eWithwithe hmagnetip aeeasdie dnpdjumagbilie patpendigulay mpgpstiss recording

the efficiency of ingress and egress of magnetic fl ux
méhodyeen redult ofithahise-of @l singiepale aeall Wil exceljprstwrite-in ability relative to

recordi ng nmedium However, .even in the case where a
pedRaliciMP ethghaiterecording layér(l e dnaghdite tebeliny mpdiuti bas ewea proposed

not obtained with respect to recordi ng reproduction

thgc;ﬁ?gﬁﬂési £hyécohfistidd dRoRmA AR MbReal @NEQE BaEKIMNlay@&hetween the
'l as heat-resistant demagneti zation resistance and

sulRERE %uj.uf threg%géreglaf.cﬂﬂr n’é#ﬁ&ﬁ%wﬁﬁlg thyer QRAET istiRe Q{éﬁﬁm{g Ryer, and

magnetic r ng nedrum whi ¢ S supertor I n ese

roperties, d.t. has been propo [ f T
e ePbiehS o RE MR ES obRaBRER, fuf Beoyeen the single-pole
of the crystal origntation facilitation |.ayer nd t
heapagf fi BAsRSFF ISHORIRE Bt HORRYSigeetny i Bepafietsre Back-punch
the c axis pertaining to the fee structure of the, .
lapqryiss pravidseliadaquats RIAPSTHRS ¢ hokabimngdayidh regRectio fe%‘égmg reproduction
Pat ent Docunent 1 and Patent Docunent 2 L Furthernore, . .
praperties &sthe ttingsf ofsyseeridingergpiodnctioh, ahwelasfheptaigbistantydemagnetization
orientation of the crystal orientation facilitation
rebigiiRde andmbetipaepanidne uhathemagaein adercoortdiing magnestic recording
a magnetic recording nediumw th excellent recording ‘

mE@RMOAMER isApEicR R fHebesropditles, etagBbenf progdseditd ecify a half-width of
properties is offered where the initial gromh of the

th? %@Fﬁgg@%@@%ﬂ BetH S ?)SQ oF ¢ LY &ienPiioh Mcilitation layer, and to

the crystal orientation facilitation

o B B L LSS 5 R o s

er pendi cul ar  magneti c
of the crystal orientation facilitation layer (e.g., see Patent Document 1 and Patent Document

_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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recording |layer is pronoted, crystal grains are

m niaturized, the thickness of the initial growth
wQaod7ioaepo8 s suppressed, and the deteriorati on 8€T/IP2006/314197

thermal fluctuation durability is prevented (e.g., see

Pat ent Docunent 3).Patent Docunment 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) Patent

Docunent 3: Japanese Unexaffi ned Pat ent Appl i cation

PatentI lnefd 1.0y abgﬁsy@he)%ggﬁed I?]agv%zﬂ lide PR RE PR THE 08—

ENTION I n e conventi nufacturi ng met hod of
273Vﬁﬂ i n-pl ane nagnetic recording nmedium a technique is
nduct ed where polishing is conducted in batch format

putfeR 2 BB B i BB B ecH b

met hod, it pronotes mnde track error (w de area track

762600r asure: WATE), which is a fatal defect in a
per pendi cul ar magnetic recordi ng medi um whi ch uses

Patentsmmuweat.’é plaeméwnwa@mnw{l?%erﬁy\w@lleﬁﬂloﬁé’ﬂhb@th\NPEHﬁs%&%

phenonmenon where the magnetic flux issued fromthe
123245y i mary magnetic pole of the head at the tinme when

signals are witten undergoes a return pass, and the

return pass has a wide fopn in the track direction,

with the result that track signals are erased when

they separate Humadert ICRHBINWENGIONE T et ur ni ng

magnetic flux is being recorded. Consequently,

s@f itid AphAYio gﬁ]ﬁﬁ.fﬁct AR Tof PEP 45 {ahe Mmagnetic recording
as [ ke

properties suc R are not obtalned, Sp

medlu:r-]xﬂlas%chrﬁq@eepseéo%t S&ed %vh%r Foq{sﬂﬁl 1@%88&11(:@6 &T@tcho?o%ﬁﬁts using a

diamond slurry or the like, but as a groove is formed in the circumferential direction with
f[his 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 return
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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the case where a MR (magnetic resistance effect) head

is used for purposes of raising magnetic recording
wdensionigost her mal asperity is the phenonenon weReraPi0h€314197

MR el enment undergoes | ocalized tenperature increases,

and the standard output of the MR el enent changes,

because the MR el enent contacts the nmagnetic recording

medi um or contami nation or the |ike. The present

i nvention inproves the layer guality of magnetic |ayer

grown on the surface of a soft magnetic underlayer by
chrasglesc bergusetthe My elemeint canfasts theopgenstic tdverding meditipprgtcpgtamination

under| ayer provided on a non-nagnetic substrate of
osthetikd.i ed snoot hness, and by conducti ng excel | ent

control of crystal orientation by inparting an opti mal

hal ftid glteber@ﬁmtdaﬁoﬁmisﬂongs el Mer (fUBH) of miagnedid] 186dr i d¢6wn on the

is to offer a magnetic recordi ng nedi um enabl i ng

SLQ EQIPR RS HaenDR LRk §&pt9ﬁr?ﬁ§(ﬁféﬁl the ﬂ@@?e’h@tdn%trgﬁy of the soft

ermal asperity (TA) ahd at en bles realization

kl%li]ic ql%ﬁ?r!lag%reéf%g%r gloﬂ% nolnr]‘ﬁ ngﬁé s&b% rgtg%(?l ﬁ%lﬁ&les c%othness and by

esen | nve Ion O

ch of t nvent That
disling %c&%eﬂmtwﬁ" OB BrbOPa Ly Tipting aa GpEm halfwidth of the
nagnetlc under | ayer conposed at | east of soft _nagnetic
Raeltieg cave (AASQr i Bhtokicchye ot pider 3 aagnetiorecersting Blefiupyenabling
the orientation of the |layer directly above, a
olgeinmentdo fcSNR thatragppe¢sses the gareditiog off ﬁ;eematmpérﬁtg (8A) embthat enables
axi s of magnetization that is mainly oriented
reRRE4peN df bighalkehsityrredcrtiinge to the substrate, and a
protective |layer, which are di sposed on top of a

non- RBGA& b fesd R Ihd AbRmNNSII proBIfRs, TRIPREdnE invention offers each of
ani sotropy ratio (Hnr/Hnt) of the pertinent soft

th'gafgﬁﬁ\ﬁrfngoh‘%nf)ﬁsay?ﬁat' ﬁgrmég%\%ﬁc ré%@fhny ?neﬁﬁllnf proWgcféH Ryith a soft

g curve

nig:u;nger C o(%)tn}poge/ﬁqeasmfd s%ﬁ a{g%gtgc mateglgil), a%ﬁen%t{en cogtrol layer

for controlling the orientation of the layer directly above, a perpendicular magnetic 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 (A650) is 1 to 6 degrees. (2) The
magnetic recording medium described in (1) wherein the magnetic anisotropy 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 (A650) 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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(Hw/Hnc) of the soft magnetic underlayer is 0.7 or
| ess. (3) The magnetic recordi ng nedi um described in
wO2)o7m0908) wherein the hal f-wi dth of the RockPa@JRuw&814197
(DQ®O0) of the soft magnetic underlayer is 1 to 3.5
degrees. (4) Any one of the magnetic recording nedia
of (1) to (3) wherein the average surface roughness
(Ra) of the primary surface of the non magnetic
substrate is 5 nmor less. (55 Any one of the nmagnetic
recording nedia of (1) to (4)wherein the non-magnetic
vwhigtedt thgtneninsagnetio pubsirgtstiak nonerystalés gatssubsitats, agcrystallized glass
crystallized gl ass substrate, or a silicon substrate.
sl8jratd, oremilicwatsubstrage. met hod f or magnetic recording
medi um i ncl udi ng the steps of polishing the primary
sur f g9 eA efanafabRfingagstiedd for pHpaéticideCorBihgan&di@ftindINdifg the steps of
texture processing device using polishing tape and a

plidhideythé pRkauREcE ot d RbrRhgRit sGRuakAs] éh?e%?é Rxtu@EBrocessing

subsequently form ng a soft magnetic underla

dgﬂ% ﬁgiﬁé gg)li?lﬂéé 6%&951%% lacsllﬂ'gz] _%BIithfni . c&lp)?c}?ﬁ) Ik r%ras'veegrain; and

ace rtinent n magneti ¢ substrate, aft
ich at -l east an.orientation control .la a_ .. .
WA SRR nagn SRS Raig iy S spolnetic materal on the
rotectjve er are sequentially forned on, the . .
p@{?ﬁfya%%%? OJf ﬁé Rféﬁﬂt@ﬁh%?ﬂﬂ@&?@tﬂcrﬁaéﬁ@ﬁa gﬁ%&rgwhé&&aﬂ guzgrientation
The nanufacturing,nethod for magnetic recordi ng nmedi um
cordetr lapreel 4 perrendighler enggnetie SFQrding fayet Andi agprotective layer are
colloidal silica abrasive grain contains colloida
sggjubntezdly aformed we the surfass bf then pertiverd pofigmagnetis i undeddyer.  (7) The
0.03 to 0.5 mMmmin a concentration of 3 to 30 mass %
maB)fadthengraretiodcfot riaggetvedeb@din ahedimg rdetdribed &€ (6)divigein the slurry
medi um described in (6) or (7) wherein the polishing .

cérafifting ScollSRIME sil P Qbiagive %ﬁinfdoﬁﬁéﬁst dIRidaf RBica ABFhsive grain with an
t ape contai ning pol yurethane in the nmenber configuring

o 888 AL S0 oLl B TRUIBERG 503, FEASHS: S8 0 e
er)lglllfiagtnli'irrl]g rrjet?l‘lo%otjgg um%‘ér?e ic%i:clrgingplgel:d\{&nq %egcrrll%ed 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 incorporating 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 .

—
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pol i shing tape to the non-magnetic substrate at a
pressure of 98 to 686 kPa. (10) Any one of the
waoamrfiaewsir i ng et hods for nmagnetic recordi ng REUURING/314197
from(6) to (9) wherein polishing is conducted while
rotating the non-magnetic substrate at a rotationa
speed of 300 to 1500 rpm ( 11) A magnetic recording
and reproduci ng apparatus incorporating any one of the
nagnetic recording nmedia of the aforenentioned (1) to
. According to the present invention, it is
pgbﬁéﬂm@oﬂ&eﬂf &%ﬁ@&geccdlosc@& filise psioatte layer tdeneratitys treaiment of the flat
suited to perpendi cul ar magnetic recordi ng by
s@hstralg do ibagised foatheeperpenidichlaa magestivokc e ing gnesljpemt By this means, it is
containing colloidal silica.prior to |ayer generation

 pogsibdd merbdnted] thé erystahtgronthssfr tt emignetie lay&ﬁdkefep fthé helf-width of the

per pendi cul ar magnetic recordi ng nedium By t

Rﬂﬁéﬂé cutvt (h@S@%ﬁibﬁ’ iea Eﬂls&P Hltlérﬁétlc;nhﬁdﬁﬁ%§ Whhrgfhgwr%cﬂf)ed range,

t he magnetic l'ayer, keep t f-wdth
orj.ent ation indicat

[ stal
NS PR, ﬁc?}rébgafpf%ﬂﬁa‘éaf TGS R SRR G B offer a
e i cul ar .magnet.ic recordin fer, a .
PR Er R Bt nG i G Hobieh betinmacins ey yhich were
recordln densities which were previously infeasible.
ProBoushy dnfeagible igreovst, byrneans of thicwirface iedtmant, itiis pessible to offer a
possi ble to offer a perpendi cul ar magnetic recording
perpendignlaravpgngtiv apgording ineddaumn dwaying eyery datésfictory sepoditioy stability
t hat suppresses the occurrence of TA. BRI EF
thRESPRIcFSES Od deuiTédiee DRAW NGS FIG 1 is a vi ew showi ng
the cross-sectional structure of the magnetic

recordi ng nmedi um of the present invention. FIG 2 is a
vi ew showi ng the relati on between the nmagnetic 4

ani sot ropy r at BRIBNBHESERIMADN ovtEt DregWatGEgn rate.

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 A850 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 3 shows the relation between DO of the soft
magneti ¢ underlayer and SNR. FIG 4 is a view show ng
woheo7reedo8d of determ ni ng peak position. Fl G PETUB2086/314197
vi ew showi ng the nethod of determ ning the rocking
curve. FIG 6 is a view showi ng an exanple of a
rocking curve. FIG 7 is a view show ng the relation
bet ween average surface roughness of the substrate and
DQBO0. FIG 8A is a frontal vi@w showi ng a schematic
di agram of polishing work by a sheet-type texture
F}ﬁ-o%%s% Rriddeqeigvcoping a gehamptiy diagrem\afenolishiogiwagk dy a sheet-type
schemati ¢ di agram of polishing work by a sheet-type
tete progespingclevisé.ng device. FIG 9 is a view expl aining
the configuration of the magnetic recording and
FIep eda viavg eagipiaingt e configupgtionr &5MBtmaghe@ tcOflling and reproducing
Description of Reference Nunerals in FIGs. 1:

apARt RGeS presentRSthtaine 2: soft magnetic underlayer 3:
orientation control layer 4: perpendicular magnetic

opssgish e leinty Snpigsigye Laver o Ly jcation
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
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23: detector 24: extending lines 26: nmediumdriver 27:
magneti ¢ head 28: head actuator 29: recording
woeprgdemsi on signal system 30: nmagnetic recor 8CNYgP2006/314197
medi um 40: magneti c recordi ng and reproduci ng
apparatus 101: spindle 103: polishing tapelO4: rol
105: polishing slurry 106: take-up roll 107: nozzle
BEST MODE FOR CARRYI NG OQUT THE | NVENTION Fig. 1 shows
the cross-sectional structuré@ of the magnetic
recordi ng medi um of the present invention. A magnetic
104:geldr di ng medi um 30 shown here is conposed by
sequentially providing a soft magnetic underlayer 2,
10®rpodisiting slomycont rol | ayer 3, perpendi cul ar nmagnetic
recording |layer 4, protectiwve layer 5, and lubrication
10baye urofin top of a non-nmagnetic substrate 1. As the
non- magneti c substrate 1, one may cite al um num al |l oy

108Ukstieates having the NiP-plated |ayer comonly used
as a magnetic recording
BEST MODE FOR CARRYING OUT THE INVENTION

Fig. 1 shows the cross-sectional structure of the magnetié recording medium of the
present invention. A magnetic recording medium 30 shown here is composed by
sequéntially providing 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 substrate, 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. Whep
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. Asthis
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medi um substrate, glass substrates such as

crystallized glass and non-crystalline glass, ceramc
weubwimetes, carbon substrates, silicon substracegp2oae6si4197

silicon carbide substrates. It is quite suitable to

set average surface roughness (Ra) of the surface of

t he non-nmagnetic substrate 1 at 5 nmor |less, and 0.05

to 1.5 nmis preferable. Wen average surface

roughness (Ra) falls belowthis range, it tends to

result in adhesion of the nmagnetic head to the, L.um .
mear ot i o6 FOE BHGY fisgne e Vo4 Alpor GBS GERGS, FeNiCr,
reproducti on. \Wien average surface roughness (Ra)
FeNiGigedd, FenlsaltneAlgFdAdSi, greapBiCri BeAlSeliBuy efc oFeCr alloy (FeCr,
insufficient. The soft magnetic underlayer 2 is

" FeRFTVFE®Tu] dtc RIRATH alloy (FeTatdaGpendtHetadliognFaf alidye FeSi alloy, FeP

per pendi cul ar magnetic recording layer nore firmy in
allBﬁq?eN%raﬂg%ﬂ,FPeﬂﬂaﬁéy,@h& gsbhon relative to the _
non- magneti c substrate. As the soft nmagnetic materia

co ' 0 ink re &NEo M 4 3&st one or
fofwggé%%1§§§ﬁé’%ngygggh?g?ﬁgﬂgj%gy§{$§or nore of Fe.
As t.hj smmaterial ,,on iLLe l1.0 <R V,
mif a2e M o} Rl Bl IF Raffpley bng B eSO Cozane
efc.) al | FeAl ... FeAl SL. F Si Cr,.Fe 1. 1] Ru;, .
O] Corlly CRONGY spadts tipdeopite plto el Vsledldh it is alo
all oy (FeTa, FeTaC,, etc%i, F%C al | oy, . Fe aLI? ,fFﬁSi1 £
acepiabye, 1Fb Al Bganclis sl 2 ikamulii-layg, laappid gt glioy levers o
One may al so use a Co alloy containing 80 at% or nore
différingoconappditians.| Fas example.opten®py us§ 2 aroduch thatranterppses N layer of
and the like. For exanple, one may cite CoZr, CoZrNb,
app&intaely Codn BetweGoZvdMpyean df €& NH dloydayequi t e suitabl e
material. Mreover, it is also acceptable if the soft g
Magets greferbes ihay e s3fti Baghetit/uhderlagyre hbvan satetio magnetic flux
all oy layers of differing conpositions. For exanple,

de‘f‘lElEr BRYF USer 8r RofdUG tht Rade W€ kR0S66n Raghaicefluxodensity Bs is less
approximately 1 nm between two | ayers of CoZrNb all oy

th(lmaB()% 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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It is preferable that the soft magnetic underl ayer 2
have a saturation nmagnetic flux density Bs of 0.8 T or
wonnE/16908t he case where saturati on nagneti c f PAX/JP2006/314197
density Bs is less than 0.8 T, it is difficult to
control the reproduction waveforns, and noise
i ncreases. Moreover, it becones necessary to thickly
formthe layer, and a decline in productivity may
ensue. It is preferable thatlthe coercive force of the
soft magnetic underlayer 2 be 200 (Ce) or |ess. nh
anisoeey Wb (IImeieg)desdyin this rangss ErieResShit suaprges the pccurrence of
causes an increase in noise. Wth respect to the
WhHGnehich ismfad defeptyinperpehdicelaf magnetjn eacordingiaedipayer 2
relative to the radial direction and circunferentia
di r g5.i Drshotvs tthe relatisi rodtthe mamletieranisstrbyst tratio. altheWATE output
the saturation nagnetic field in the radial direction

re@.r fn@ Qats WP HCBL L7 NB o4l el MmSeHt duitable 30 MR dRigkhess as the soft
e I'n the C|rcunferent|al directionis Hrc, it is

{Jariﬁ{i elfle)é&tro Fq %V%]ilet E ure ecﬁéc%rn%% Ad Wﬂ @&tggt reduction rate is

e S
preferable. If the mag net t Hor / .
1rp1§ed\,@ptlﬂl‘yhort lﬁ:fs?t flé}il?@@@ q ?HI%O %B% §33 qrggsgu Erb &g@ul@rﬂ%}le discerns
occurrence of WATE is a fatal defect in

thpethe ST grput Wé@ﬁ&m réterlé &iBYtaH Q) ° rhelh lsss %’iuad“agé‘e% Bigotropy ratio
the relation of the magnetic anisotropy ratio and WATE

ofd\it grdessr educti on rate of 90Co-4Zr-6Nb nonol ayer film
of suitable 50 nmthickness as the soft nmagnetic
unddnloadeerto chittorhtheherybtaggnowth dinestidh ©F pempsnditidar mpgnetic recording
WATE output reduction rate is limted to 11% or |ess

laidr, AotGHIY € GricfitidAtdoaRyl lagdri butodlsol thercrystal suriehtation control of the
partlcular one di scerns that the WATE out put

ul{d@fi%ﬁ% 5O nfa@h&ic Lﬁldlaﬂléc?eif eds fnﬁbo'i;t%l@ IFib €3 shods the FeR@ivatbeBveen SNR
aano ropy ratio of 7 or l'ess. In order to contro

e@g ﬁgﬁ%&ﬁ h of %‘Y\E ﬁocqhﬁge %Eulvg rtA@gO)pgir RESHCOULAF —"BESbA Cnagnetic

underlayer 2 of 50 nm thickness. From the figure, one discerns that SNR is 13dB or more
when A850 of the soft magnetic underlayer is less than 7 degrees; one discerns in particular
that SNR is 15dB or more when AB50 of the soft magnetic underlayer is less than 6 degrees;

and one further discerns that SNR is 17dB or more when A650 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 (A850) 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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| ayer, not only the orientation control |ayer, but
al so the crystal orientation control of the underlying

weabd7/oregset i ¢ underl ayer 2 is inportant. Fig. PBTSPIIM&314197
the relation between SNR and the half-width of the
Rocki ng curve (DQBO) of the 90Co-4Zr - 6Nb soft
magneti ¢ underl ayer 2 of 50 nmthickness. Fromthe
figure, one discerns that SNR is 13dB or nore when
DQBO of the soft magnetic undzrlayer is less than 7
degrees; one discerns in particular that SNR is 15dB
badkingrtayer hénsinagon vheretsmatlor halfrivigib of gheuherkingagraye (ADS0) values
| ess than 6 degrees; and one further discerns that SNR
leddSto 7B @¥stawtieniation o6 tayef istpbssitslef t magneti ¢
underl ayer is less than 3.5 degrees. Thus, in the
pr e oY SRIAAB of & BRI thr MkLhAn ORI (6f tROSH MAgutic iaderlayer
( 0) of the soft magnetic underlayer 2 was |limted
. ho t% m1l to 6 degrees. It is nore preferable to limt
15 f§SCH®*% rom 1t o 3.5 degrees. The half-width of the

Rocki ng .curve ( 0) referred to here shows.the .

et y St b PEPeeh i TRk oG OD BEFDENToAS SPOYRA! iy dy the disk D on

Specifically, it signifies the half-yalue wdth of the. .
whiels thegpfttrnagnelic kndeglarer iy @wﬁ&mtﬁ@ﬂtf)é"? fide a%g’faaw%devaﬁ incident

orientation face on the surface of the nmagneticbacking
Xiragse2] @nittad Sionu an iinpidanh sowces R andrdiffeacted ksag 237 are qigtected by a

Rocki ng curve (DQBO) values |ead to higher crystal
diffrdcedtatdyodetafort 2%e Tlaypositim qfobsilttbaor Belsoat swothet the angle of the

exanpl e of a nethod for neasuring DQBO of the soft ‘

diffRenati-cayd ndeleleasd by itisis desetor teetlativa Yo ik tifvidens Xerays 2(the angle
peak position determ nation, as shown in Fig. 4, the

ofHh8 i Ba QB Wiagh 20 hEERS fo MBERRAIGG URMEED) BY Bfe insidbmrX®ays 21) is
on the surfaceé side is irradiated with incident X-rays

2 1 emtted f i nci angh dijfi is
e 4§ oSS apGE BEpepER R 2Er 3R 8758 SR ERE B disk D

23. The position of the detector 23 .is set sg that e .
suaifaed- e Weelt eadiation is conducted with the 121101dent i-rays 81, a% —tZIé scanning

method is conducted which measures the intensity of the diffracted X-rays 22 by the detector
23, while the incident angle 8 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
29 (that is, an angle that is twice the incident angle 6 of the incident X-rays 21). By this
means, the relaﬁon between the intensity of the diffracted X-rays 22 and the incident angle 0
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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diffracted X-rays 22 detected by this detector 23

relative to the incident X-rays 2 1 (the angle of the
wdizbd7rraewed X-rays 22 relative to the extendi ngCriyp®e6/314197

24 of the incident X-rays 21) is tw ce the incident

angle q of the incident X-rays 2 1 - that is,

2Qrelative to the disk D surface. Wien irradiation is

conducted with the incident X-rays 21, a q - 2Q

scanni ng nmethod i s conduct edl®hi ch neasures the

intensity of the diffracted X-rays 22 by the detector )
thechtainkd fregle PRY, iiie ipdssihle tmkgicsv thegfomirpat piysiabitage indhe §9& magnetic

2 1 is changed by changing the orientation of the disk
unBerlayBesuifage.posi tion of the detector 23 is changed in

conjunction with this so that the angle of the

di f i@ t@feckts adternRatioal Gitthy fockigtdueve, BE bltnt indFigas,sh@incident
1 remains at 2Q(that is, an angle that is twi ce the

i i .angl i i oy i S N
o060 0 2| BRIt S B it

diffracted X-rays, nd the.incjdent angl i S,

saig WHFIEANS SHEFTD 9 OSPE POMPOTIATRNE s B0k b difffacted Xorays
determ ned so that the intensity of the diffracted

2245 payy,sand 2 rosking@ximt redadeThkich sdws 12O redatiantketwednf the sncisdgnt angle
X-rays 22 relative to the incident X-rays 2 1

0 RRIthaiddmdy botht RERBaSsd Ki@ys 2F détbdted Biethe db@EtoR33.i B order to fix the
referred to as 2qp. Fronmthe obtained angle 2qp, it is

possi bl.e n h ' r ek SAkbo

poREER e 18 el PApb FuiRLEL Rt 20, B Rl A% 58552 s 20p
determ nati on of the yogki.n rve,.as sh in, Fi.g.

thes rockig SURYS SBHSSSaTAT AISHTBUHOR R thelBs ipafiem & 15,7yl feof the sof
changed by changing the orientation of the disk Din a

magngtie unfstarer pitage relative topthe; disl D EgearFig $saPWs gh example of a
where the angle 2Qof the diffracted X-rays 22 is 2qp,

rogltiflg aurvec Thapaléuidtk of therRaatkingttuok (AAWsignifiesited balf-palue width of
between the incident angle q and the intensity of . the

thelbEdir REW R e %&M&n@@ﬂéﬁﬁ&tﬁﬁtfﬁ& faythit ReekdgtoRsteor 23. In
order to fix the position of the detector 23 at a

PSSIZP%dp SR BleAd AR &ege@fim;enﬁorgitflé rp%ﬁﬁﬁ&?g Hoki@¥a tBE primary

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
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t he rocking curve expresses the distribution of the

inclination of the crystal face of the soft magnetic
wanaeroiepsr surface relative to the di sk D faceCcTBPmoe/614197

shows an exanple o f a rocking curve. The half-w dth

of the Rocking curve (D@O0) signifies the half-value

w dth of the peak showi ng the pertinent orientation

face in this rocking curve. To obtain the DO of the

present invention, the polishi#ng work on the primary

surface of the non-magnetic substrate is inportant. |t
ordrsele eWtainoumonandgnetia Restrts drayingusichpairiee PropRetiesn peliling that

surface after polishing, and it is al so necessary that
enipi@yrseobeidalsiliiarie efféoive.y of pol i shing marks, and that

aver age surface roughness be mnute. Fig. 7 shows the

r el athaply, behye eolishhe apesmigesisty casteinimpuglinkiabsiliéa dthasive grain,

substrate and DQBO. In order to obtain a surface where

th@%i@nérﬁ SrH&IbE8Re AbnnB3HetRS sdtﬁ,&bkieri@dsub}éciebetop?@%ﬁﬂlg work one
I nvention, it may be inferred that average surface

sué&%?hg] BESStmEAy 9f shre%-e[g]?éJ Bt ;ﬁg&%ﬁgg siebicacewalRpul dotPenagnetic

or 1ess, “and | der to obtain a surface where
DOB0 i 3.5d 9 i . i A .
wfERst 3 PpUE LB RS et Y A LIS, i o
f .shoul d_ be. 3. L .. d t bt.ai . )
RO TR &I s et RRat Toaty SPulb Peftinge primery

polishing that enploys colloidal silicais effegtive .
surfaeq With, an SvRige® SPERGesIUalRes fR2a At San®y O g5 and a soft magnetic
containing colloidal silica abrasive grain, the
urpletlageer withur A0 dfto bllegmen- nagneti ¢ substrate i s
subj ected to polishing work one substrate at a tinme by
a shpgt pbNfend exdrkl & EHeOClRRtiypg Wetke erodéhwig alesiat tis conducted

magneti ¢ underlayer is formed on the primary surface ‘
Qb rdfh B RIS LCoasidd deaie, WYsCh Aas] SR Beehatis view of the
mifbegg? polishiﬁgjmo?ﬁ,eit igﬂgossible to be very

L e e IR
vig\%%]n%tliig. 8B is a side view.

As shown in Figs. 8A and 8B, polishing tape 103‘ 1s~ bressed at a prescribed
application pressure by a roll 104 onto the surface of the non-magnetic substrate 1 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 elastic material. As examples
of the material, one may cite rubber and resin. It is preferable that hardness _beA 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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underlayer with a DQ@O of 1to 6 degrees. The polishing

work of the sheet-type texture processing device is
woanduweews according to the foll owi ng basi c precedproes/314197

Figs. 8 A and 8B show a schematic view of the

pol i shi ng work conducted by the sheet-type texture

processing device. Fig. 8Ais a frontal view, and Fig.

8B is a side view As shown in Figs. 8A and 8B

pol i shing tape 103 is presseidlsat a prescribed

application pressure by a roll 104 onto the surface of
usingenriedentencpndithe dugmster yplue tamhe ehtaingd fioxtperdspth of ‘he dents that

spindle 101 and rotated thereby. Slurry containing
occwl | oidal silica abrasive grain is supplied between

t he polishing tape 103 and the surface of the

non-wigg Repedt tduhs tshriyecdntaining dotlbidshkitiga wbrakive grain, the colloidal

conducted by the grinding of the substrate surface.

sﬂi’c“ﬁ raﬁrasiv% g'réin R giedaht uipRadedine dBetdid@neiunt &utlodl tbgether with
4 be elastic material. As exanples of the material,

adg > aid. ﬁLt ﬁ;jer uhbg gé@iﬁ&bfeeﬁﬁbp the! dvetage Rrfih &iRPEHE r1:@]2101da1 silica

0to uroneter. Duroneter refers t

the hard es ur ed dur.onet e S
SbiE A IE 20 Hodt Moty Hat Fal B aRERH &ﬁeﬁgWﬁ fis range, the
depth of dents_is |oaded onto the sanpl eusi n .
polifllag tae is mbEAine a4 DeFHEIEURl> ) Y688 A5 SBY RS Fmghy Below
t he depth of the dents that occur. Wth respect to the
this|rargey the gprtistiing rage besiomes &, asil lbeve thisrrangey avegaes syrfageygughness
colloidal silica abrasive grain is m xed and, suspended
becomes ldigeper si on nmedi um sol ution together wt h
additives and the like. It is preferable that the

avernageréeable thtzle 0dndeiatvnl df dheded]lofdal sitiea aliragies wain be 3 to 30
grain be 70 25 nm and 70 15 is nore preferable.

méé’st‘%' éihdt gy 2() Efﬁ‘eg@ % i EoRObieSRADIE VRdiIEN itBis TRl dot ﬂier}ﬁiﬂlslﬂhg rate is
high |evel, and average surface roughness is smal

mg gla?n\@'d at a hlgh level, and the entire substrate surface undergoes unlform 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
Jeast 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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this range, the polishing rate becones | ow, and above
this range, average surface roughness becones | arge.
woroi7o1moef er abl e t hat the concentrati on of theCcT/JP2006/314197
colloidal silica abrasive grain be 3 to 30 mass % and
5to 20 mass %is nore preferable. Wthin this range,
the polishing rate is maintained at a high | evel, and
the entire substrate surface undergoes uniform
polishing work. Below this rahge, the polishing rate
becomes | ow, and above this range, the coll oidal | L
wedli 4si podycathoatsiagisls gnell #s payataylicoaciband pelymethperyleacid.o Qalic acid,
may i nclude al kali metal ions, carbonic acid,
citfixiadidz infedordg evitls matintacige lladtinpeayemd thealike eiteepartifdarlya pegferable,
it is preferable that the dosage of these additives be
be¥dukdh Righpelisianoteds nfiddinédwRéh thesexur&asedhe car boni c
acid is conventional organic carbonic acid possessing
among chittstR! REBLEGSe AolishBRBS It i PRIrANIE tHal BRI pHYbOtHR siifrry be more
- COOH group or - -~ group. This includes at |east one
ac%dw? € F%E kA8t Gs %‘f%fgraﬁg @Qtt ﬂ‘fé @tl A% Be Fodf afprofihately 1 to 5;
rpg1 lort_ anp!g, tovvtm)_ecu ed sur as gl uconic
acid, la C, aci i C id, . [ [
eogieyaud o4 R e o SteBls, Snf ftor ki 246 308 ol moge profersble.
acetic acid, propi.onic acid,. acrylic acid, oxalic
Withindhis gagem sk ey ?‘l@dﬁ@ilﬁ’“&“ﬁﬁ’? : adipic acid, maleic
acid, itaconic acid, glycin, lycin, aspartic acid, aﬁq
gl utdshe dispersion gvedium SIUtREL GRGMBY Al [GARP Sy WhteR @leohol and the
pol yacrylic acid and polynethacrylic acid. Oxalic
likeec iWlatercis patiticulady prefaratile s thesubeiratsarfage igainiformlyprocessed.
acid and the like are particularly preferable, because
a hiwhh pedpecthibnbe slatrg supplyanethad, riecdontnesh te batsk-tyneepolishing, it is
used. In contrast to batch-type polishing, it is ’
prifeffb®s Bt et flavdry baesupplicdl oftbehs Euﬁﬂlﬁi/ngofap&o r& fioow gite .of 10 to 50
For exanple, it is preferable that the pH range be

miA S RP 5193%15%@' Vit ds tp?eféﬁable that continuous supply be conducted during
processing, as these results in uniform processing of the entire substrate surface.

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 elastiqity, and that
enables the abrasive grain in the slurry to be fully retained. It is therefore possible to
suppress the occurrence of scratches due to the abrasive grain in the slurry, because the

slurry is smoothly retained on the surface of the tape.
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approximately 2 to 4 is nore preferable, and
approximately 2 to 3 is still nore preferable. Wthin
wohbw/menge, a high polishing rate i s naintai nedT/JE®06/314197
t he di spersion nedium solution, one may cite, for
exanpl e, water, alcohol and the |ike. Water is
particularly preferable, as the substrate surface is
uniformy processed. Wth respect to the slurry supply
nmet hod, in contrast to batchiiype polishing, it is
preferable that the slurry be supplied onto the e
pol ils kpmitnst tagbe applicatinn prajsereqit poGhing Siotyin biches palishing it s
appropriate. It is preferable that continuous supply
préferableribiat theeapplication presswe ed i wigich the polighes fape islimprgssed by the roll
uni form processing of the entire substrate surface.
beWSt {3 G9BSiERRCH th T kdiembohids29w 6860Ra Betavieks/yp® is apes preferable.
fl ock-type tape and the |ike may be used, and it is

wRhg R &, thaboddbl®® bRRA 4 fifficieQNHinfiuRs oPEdlsHING] AaN® suppress
n the menber configuring the tape. As it is in the

thé ggcﬁtrgxflcetoqga’atchég.s enabl es abrasive grain to be
constantly retained on a new face while the tape is

un nd nd.,enabl,es_the: 3 [ :
or odb ol LU ETRInE RN S 1ol dithTbrocescing by g takeuw
pol yur et hane in the nmber . conf.i gurin he. tape, .~ .
e ahi6e 14 o4 PERSFIARIPB U LR H Ao RS PR ‘Do tape face. I is
material that has elasticity, and that abl t he
prefbrabls that ghearyning sneed Af ihe iliaﬁeo b, el O {9 |19751 FUPERRYE: 27¢ 30 to 50
is therefore possible to suppress the occurrence of
mgémitehiss stillenare preferahlss adVikin gthisi 1nEs itHe posypleyto suppress the
because the slurry is snmoothly retained on the surface
ocofirrériee df apetches by titer atsgsiveogtaing tiappieicing ofothe prsteater surfgpe by the
polishing cloth in batch-type polishing, it is g
abPdsBleairaih o ith Biabeddig thgpin, amd thelikar essure wi th whi ch
the polishing tape is inpressed by the roll be 98 to

686 [khankferdtie thak HeGioRibhing Bbe 34 clathe@ BrikPPrdc3ssing 4t a tension of
kg/cn2) is nore preferable.
49 to 14.7 N, and 8.8 to 9.8 N is more preferable. Within this range, the tape is stably
retrieved without snarling, and the entire substrate surface is uniformly processed.

It is preferable that thg 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 oppdsite to the direction in which the polishing tape proceeds to be taken
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Wthin this range, it is possible to obtain a
sufficient amount of polishing, and to suppress the
woceowrmemge of scratches. It is preferable thaPCriB2006/314197
polishing tape be retrieved during processing by a
t ake-up device 106, and that processing be
conti nuously conducted with a new tape face. It is
preferabl e that the running speed of the tape be 10 to
100 m mi nute, and 30 to 50 A mnute is still nore
preferable. Wthin this range, it is possible to
ups Py ebews the strte of eantase ob thespalishigl daperpd;the sulisirafs jsyiace to be a
grain, the piercing of the substrate surface by the
mab rcisely edigrmigrstaty, and sllevdtbe dolishirtgtepetorbe saedthishied! i ke.
It is preferable that the polishing tape be retained
dur iTg fhosasetiogulistrar thenisdsaongfletdd $het polikéing phcesnblecomes the
8.8 to 9.8 Nis nore preferable. Wthin this range,

subftfatd ARA ih SheshaBle¥ic T&ordifY Bfédiint. NAUdubSRAE bbitiged anthid Wy has no
entire substrate surface is uniformy processed. It is

su?%t%{tﬁ)’eaﬁlvﬁ %;htﬁlé reidli]aq Cﬁl%h{l(ﬁllj PG t11ARA-HE 0P Bl dub@tRis! 45 nm or less.
ne {a Ia |r¢ch|pn relative to the substrate
Si aneous with its.ret.rieyal ' r. [ I
i b PERiRe M Fioobr Er ST VR Sl RASERY Mg, the tack of
tinmes/second, and 4 tg 6. .tines/secaond | re oy
substantifeatipes ipthe, ragial iﬂq’%ec?%fh T ef;%ata 1% EF‘? ist??ee%ergn%%ﬁtlmgfmarks are
~polishing is obtained, and it is possible to suppress
invisbloccugtiece sifte sdes eRbdingh Ml Bhths; Wd’é‘?élﬂfP‘gt @eamount to 2
with a unifornly polished state. During processing, it
minks/face fdealvissaltihgpectianeofithe entire sitistratp seidacsfis @qméw‘stg;? With ghe naked
attached to the substrate be 200 to 1000 rpm and 500
eyleaind@Qllammation.nore preferable. Wthin this range, a
sufficient anount of polishing is obtained. It is also ~

pref g¢ ahlserybbadf mbeiunpisaisuarals dmbeh! iand leds 4 hwarface without any
spi ndl e be opposite to the direction in which the

s@gég{nz&yoglg\g%ﬁ?:tg? frggigftfﬁgeé&np%é AR réEchﬁn%'rﬂe@Win tobeained by
pol I shing tape and the

fo%rlrjlpnsgtar &tf?mgéﬂefti@%ﬁdérgayge, nfhgnetic layer and protective layer using this 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 coniposed of material of hep structure. As the material of the orientation .



10-

15

20

nore cl osely adhering state, and allows the polishing
tape to be snoothly fed. The non-magnetic substrate
wohei7/ohe®s conpl et ed the polishing process becoRres/JPive/314197
substrate used in the magnetic recordi ng nedium A
substrate obtained in this way has no substantive
flaws in the radial direction, and the roll-off of the
substrate is 45 nmor |less. The polishing marks in
random directions on its surfitce are invisible. Here,
the lack of substantive flaws in the radial direction
contrpldaydr 3, ittipereferable tomes waijsepl eaniaigngap ko gr gnore of one or two or
invisible - signifies a state where polishing marks in '
mérhelenadisakledied doti anoreBiidn, Y o712 RuaRks@Gd.ddeangien Among these, it
visual inspection of the entire substrate surface is
is paticuete prefirible tdeservak od tiyehdtnd et leadtIRindndaRd. ofts thissmaterial, one
this type of nedium substrate is snooth, and has a
maHidaffeivl thRYhidN30 HUPst MBkd dfeorel RWRo i0R nidi€ elea@hi@lselected from
irection, the magnetic recordi ng nmedi um obt ai ned by
3 f t 4 ri ; |C ;
o o S T O 6 e 8 A B BRI Lol B IR, RuCr,
t R et occurrence of nmusic errors, thereb
R?(g%geivt gﬁ‘h}éug%ﬁlﬁeﬁ ®recording medi um suited t oy
i gh recordi ng densit .t is.parti ar | ref.erabl e
oo AS@ AR Lo st 3 it Biekes of 2 Risrof 45 G BEALY sffgote. ana
flaws in radial direction. Next, after the previousl
30a30p Priepeld PredoraRlei dYheithis hayesibigkness grereds thy ﬁg%?mﬁvweaz/fange’ the
on the surface of the non-magnetic substrate that has
graiomitecefothet dupsty odriigh iim ghep prierdasion; eongroh dayer dcbecemes large, and the
orientation control layer 3 is forned. The orientation
magnetic partitlay v thd perpeaditdarenagnetw rededifglayqrurtpod®scoafsen. It is also
controlling the orientation and crystal grain size of ’
ndt (RePRbRE WAL Alic ARGMEE ibetwees ahelimggneay dkadt and the soft magnetic

posi ti oned
underlayer 2 during recording increases, the resolution of the reproduction signals decreases,
and noise properties deteriorate. As crystal orientation of the perpendicular magnetic
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, Si, 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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directly above. In the magnetic recordi ng nmedi um of
the present invention, the orientation control |ayer 3
woowmmposed of material of hep structure. As PO®JP2006/314197
material of the orientationcontrol layer 3, it is
preferable to use material containing 50 at% or nore
of one or two or nore elenents selected fromanong Ti
Zn, Y, Zr, Ru, Re, Gd, Tb and Co. Anpbng these, it is
particularly preferable to uge one or the other of at
|l east Ru and Re. As this material, one may us
muttitager situction thal HinKigatsna 43y9% 6PmAeSed obfrapsiEow met% (G or Co alloy)
nore el ements selected fromanong Ti, Zn, Y, Zr, Ru,
anRRa, layed cofibosed df Goble Asetalp &Rt Pd or émdikp). ek, the trenaiﬁu;n wetaklayer, one
Ru, RuCr, RuCo, ReV, ZrN, '‘RuCrivh and so on. An

| m& is8Toabs 6t moNtiseao dlRyEsuch wiCollrR allby akhesk aliby50 nm

or less is highly suitable, and 30 nmor less is

Pr ef 43Rk RnesYBEhe tgelenlRYIBF mb Btk RERRdIRY W8RHS n‘ieﬂfebe appropriately
af orenentioned range, the grarn size of the crystal

H%gn?ieﬁsac&&gﬁl?% e I%ﬁlfo%étﬁ)lﬂ o%%'i it i s%M ¢, Buthe gﬂmfe?ns such as noise

trc partlc es 1 n eper endi cul ar

magnef i c. recordin er. 4 Len 0 .
it el R e 5%8%% bRty KRS §e§‘? Wit et S Suoessive
magneti ¢ heﬁ nd the soft na netic u ﬁ 2
thiglswash gvitte SRS MBS laNg eXructie RS 8r %]I%y‘frh giructure type, a
reproducti-on sjgnal s decreases, and noise properties
thiglsness pHFQY M oplesgisyaghdy suiteblenansk§ fon 0gmny g referable.
per pendi cul ar magnetic recording |layer 4 deteriorates
i f tHuethemicrat thtipoetegoret lapdr § 48y Ermed jos the sutfrdenof the pegpendicular
preferable that it be fornmed to a thickness of 0.1 nm
m@dnetiorrecordihg 1pgs pendiheupratectiey tagbit 6 seees rtdi prgvdngycerrogion of the
is formed on top of the orientation control |ayer 3.

peRdRATP SMEhefl RtordBENRyercs, et inj@y| tayes médiutn surface when the
magneti c | ayer where the easy axis of magnetization is

mﬁ’%ﬂg R CentsHn O fde@i’ﬂﬁne dnd 8satd l\ﬁﬁrléa@ioh B?op%#tﬁ*‘é bE@MeBn the magnetic

I's preferable that a Co alloy by used in this

hd3§ RE Hl%llﬁéﬁll?l‘l:l %grb%ﬂe&l\”quﬁﬁ'@'rﬂ% ﬁs@%@ﬁveﬁtlotﬁﬁ nidi&ial. For example,

it may be a simple composition of C (carbon), SiO or ZrO,, or it 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 _conventional
lubricants such as perfluoropolyether, fluoroalcohol, and fluorocarbonic acid. Its type and

layer thickness may be appropriately set according to the properties of the protective layer
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Co alloy, one may cite CoCrPt alloy and CoPt all oy.

Mor eover, one may use an alloy where one or nore
wehemmne®s sel ected from anong Ta, Zr, Nb, Cu, ReT/JR006/314197

V, N, M, G, Si, B O N and so on are added to

these all oys. The perpendi cul ar nmagnetic recording

| ayer 4 may be given a uniform nonol ayer structure in

the thickness direction, or it may be given

amul tilayer structure that |aminates a | ayer conposed

of transition netals (Co or Co allqy) and a | ayer

apd boisattngsgeniob|be used: aWith(rpapectp thyr formatian afethe lubricatipa layer, one

transition netal |ayer, one nay use Co, or one nmay use ‘
n@y uat, lfayescaspth thesplecaPmethbd.oy and CoPt al |l oy. The

t hi ckness of the perpendi culrar magnetic recording

| ay eFigd 9rsBywd eheajonfignaticd 6f the aigheticzReordigindirflodiRing apparatus

the reproduction output that is sought, but as

oPthebkRE% igdafoms noi se property deterioration and
resolution deterioration tend to occur when thickness

IS exc ' j e | i th I : ‘o
st uty (R febiaaCams ok Bl ol TPAR G Brosgnt invention i
thickness of. 100 nmor |ess is highly.sui and 8 .
Pl e wop e e iRl e mte AN e pfe rvention, o
| ayer .5 is forned on.the surfage of the perpendicu] ar
rﬂ%ﬁﬁ*ﬁbf‘ﬁ%@riécfa% IYge ﬂawtha FCC?Wénqo&a%cgeﬂ 3/agnelie .heaﬁ 27 configured
serves tQ prevent corrosion of the perpendicul ar ) )
fioEym deqopding epit N @ Tepspdpctipn ke ichnad jagjugioy 28cfof genducting relative
medi um surface when the magnetic head contacts the

nmewdinent) ofathd reagngtie heab 2V cas-d-ois fhe opagnetie sedoeding eredivne 30, and a
magneti ¢ head and the nedium This protective |ayer 5
revaydingsepodnatént sigmrahbysteat 29 that conttdneseskgnapin@utsité theayaghetic head 27
a sinple conposition of C (carbon), SiQ2 or ZrQ2, or ‘

ahd an@yorting reBlotfidtRn a4l PBodeftos ForSorddustinBidproduction of the output
conmponents and containing other elenments. It is

si%ﬁ%g 8oR0hE nlabadticiegd bhi 8Y Q@ﬁﬁﬁinﬁ{& t%lﬁls% o_‘%ﬁr%‘bﬁ‘éhtté., YiSis g@%ﬁ{le to realize

e wthin the range of "1 to 1 soft magnetic

_ a 5g gﬁétlcg')é@d'rfligl‘g dg{/iicg gvﬁtlﬁtéﬁg?lr}egoqgiiﬁx% glerllsjé yer 3,

pendi cu magn ecor er 4 and

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 0.508 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.



10

15

20

protective layer 5 may be forned, for exanple, by the
sputter nethod or the like. Finally, the |ubrication
woOayeroi@®oss formed on top of the protective | aper/yB006/314197
and the magnetic recording nediumis conpleted. This
| ubrication [ayer 6 may use conventional |ubricants
such as perfluoropol yether, fluoroal cohol, and
fluorocarbonic acid. Its type and | ayer thickness nay
be appropriately set accordimg to the properties of
t he Erotectlve | ayerand | ubricating agent to be used.
W t hLappdpework was ¢radfigedran ihersubstratheithutbe pljactiverof improving form
| ayer, one nmay use, for exanple, the spin-coat nethod.
adeutpcy and domesioha acourbieyg Ullat lapping votlheasragretted in two stages using a
recordi ng and reproduci ng apparatus of the present
lappingrifel 8. SAbSBAGERLY, Chel BESVBEd ghanfdrin € Wae bafiiuted on the inner and
apparatus 40 of the present invention is provided with

o@Br AlrpheREN thO ARdLBANAULE cAEREE IF NY ARG ARy Ahd Elﬂ?face of the

present |nvent|on a mediumdriver 26 for driving t
r
ol HIRESTA NI S LR T SUIPRRRL | olBRT B
unit a actu tor 28 for,conductin .
movelefk PERRieh il it Bardi S evrrgn%r%rl?a%ehe Which the magnetic
magnetj c record i um 30, recordi ng,. ..
reCRIGHRE Y larrr%‘rlgfrrigr Wéglsr@aawtz@ Rolighing Pies Pofigjring was conducted
inputs to the magnetic head 27 arld a recording
PeresybEEAle MilBre Kra Progessive slsyice fusingcioprl isBinigragent containing colloidal
reproduction of the output signals fromthe magnetic
siiemabrasive @yinconbi ni ng t hese conponents, it is possible
to realize a magnetic recording device with high

r ecoMdibingsptensi this collvidaNRllics pblihinga BDA 1800Acolidid GHica abraswe
of TAis extrenely lowwith the magnetic recording

g 7081 / ishlveie waRGNRAY dsell 8 hdIBhRBhebRPHRdUGtioh speed of
apparatus of the present invention, a nagnetic

tHeQRRS A 2204 atr ﬁW 84666 B, 2RRPoREME: Worll A EARtckd@hile applying

mal nt al ns st ab
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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per formance over |ong periods. (Exanples) Wth respect
to the substrate, glass substrates and a silicon
weubstmens processed to an outer dianeter of 48CWIP2006/314197
i nner dianeter of 12 nm and thi ckness of 0.508 nm were
prepared. As the glass 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 elenment was used. Lappi ng
wor k was conducted on the substrate with the objective
Sufsequaptipyom thef ibsiraie cusalt agraticdinderiayen vels fal mctpree layers by
The | appi ng work was conducted in two stages using a ‘
gdrpding $ 0aaN iof @0COUEreaNB [T \eontchieo P aes (Ari doatknt 4 at%, Nb content 6
chanfering was conducted on:the inner and outer
i u of7.t
at!a/ﬁ as ngﬁhﬁeﬁﬂgﬁﬁa@gﬁﬁﬁ% E\ggr, %ﬁg‘s@ﬂ@ eo:f 366, %{ B8b (Co content

ner periphery peri phery

oS Rt B R L S 5 ) Bt

B, SRS ReR Vi pomr e oY RERRoRS akmap i el Yo e ot
pol i shing was conducted per substrate with a texture
roinbenstiowary theinneepariphery ia thsapdighdiregtieyelithe substrateni ng
colloidal silica abrasive grain. Wth respect to this
col | Withadespzict focthe POCH-sHHrAGNb EagndtRO@yer (of ohd @itelalost surface formed
silica abrasive grain size: 70 nm/ solvent: water)

iMBgs HiBRerathe! SRuRGbd ShbhAdicagiifiropy PR HtRVideN8t tfPRE&king curve
of the substrate was sét at 500 Fo 1000 rpm and

i shi was conducted while applying a
Q%%P#s #ﬂgm%?g h at the prescribed pressure of 98 to

b PR B AR L Ph R i
at?dO()é%rgSrtrl?ergltgloldiirsegtiic?ng of the substrate was measured by a vibrating sample
magnetometer (VSM). With the saturation magnetic field in the radial direction as Hmr and
the saturation magnetic field in the circumferential direction as Hmc, the ratio of these — that
is, Hmr/Hmc — 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 nm of Ru was generated as the orientation control layer, and 12 nm of
66Co—8Cr—18Pt—8SiO; 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 petfluoropolyether was formed by the dipping

method, and the magnetic recording medium was obtained.
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cloth made from pol yurethane. After conducting
adequate final washing of the substrate for which the
weoabi7ohigeg wor k had been conpleted, it was pasBew/JP2006/314197
t hrough an inspection process, and was used as a
magneti c recordi ng medi um substrate. The surface
roughness of the primary surface of the substrate
obtained in this manner was neasured by the tracer
met hod. Results are shown in27able 1. The washed
substrate was placed inside the filmformation_ chanber
of dhBCmaguptist resordingtnrepestiese of clhis @azpatly Aegerding tedigm were
by Anel ba Co.), and the interior of the |ayer
evhlontedt i on chanber was evacuated until the ultimte
vacuumwas 1 x 10 5 Pa. Subsequently, on the substrate,
a sgh tw ARBRebAuEtcH) Sighdlay L [ 00NRRCT weraeditien, dfter ehidhaedsterioration
by generating 50 nm of 90Co-4Zr-6Nb (Co content 90
in A @rrof Faté ﬁﬂéres'fgna% 0%“6% kNBT GeRbERtent 0810W tifis 8n §]9f;lm-distant track

magneti c [ayer; nmof Ru layer, and 50 nmo
90Cb-4Za-§EbA§Co contfnt gO ?t%&ﬂgﬁ content 4 at% Nb
WESIREASHIEd 6 L RFSsyresuley el sOWR I Tl s not  conduct ed at
this tinme, and a nagnetic field was inpressed by
(Comparstiv g alemagnetic field fromthe outer periphery
toward the_ inner periphery in the radial direction of
t he A uBgnetistrecordingmediyp stas Prepateddn sowigunaipy Wihythe example, except
magnetic layer of the outernpst surface forned in this )
thateporishing tvree condustelt byo ponvantinaal batelniypstpobiphing mathout using colloidal
hal f-wi dth of the Rocking curve (D@0) were neasured.
silat polisleag eeditnicat mahe nultsiran treaiyreat,iand arigsetorrepyrding Ipeopitiies were
loop in the radial direction and circunferentia
evdivaR@tih ok Sine Wy B4HHS lekahpleWdn atBiEiSNLr Lala@etia redobdiag iedium was
sanpl e magnetoneter (VSM. Wth the saturation )
prapRaet Codtb@hitly Wikniie kAHpR! afidh IcBfdicARy Slidlig 8R@ non-crystalline

glass substrate with a texture processing 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.



the saturation magnetic field in the circunferenti al

direction as Hnc, the ratio of these - that is,
weolmng7kreos was cal cul ated as sat urati on nmagnet PCT/JP2006/314197

ani sotropy. Wth respect to neasurenment of the

hal f-wi dt h of the Rocking curve (D@0), an Xray

di ffraction device was used, and the c-axis

orientation of Co in the perpendicular direction on

the substrate face was neasuggd according to the

met hod shown in Fig. 2 to Fig. 4. These neasurenent
Tabkslul ts are shown in Table 1. Next, 20 nmof Ru was

generat ed as the orientation control layer, and 12 nm
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prepared in conformty with the exanple after
conducting polishing on a non-crystalline gl ass
weubstmensg Wi th a texture processi ng devi ce usPa@/JR2006/314197
di anond slurry as the polishing agent slurry, and
magneti c recording properties were evaluated in the
sane way as the exanple. These results are al so shown
in Table 1.K )Fromthe results of Table 1, it is clear
with respect to the magnetic2secordi ng nedi um of the
present invention that SNRis high at 15.8 dB or nore,
VAT Eroutthereseliscrfciablsnl iits's Flegy vaith Bspens rthe magnetiggearding medium
the occurrence of TAis extremely rare. | NDUSTRI AL
of ARPhrie @ABInvEMTIonAbat BNR mohigloatt 1968 ¢ esmote, iWdERtoutput reduction is low
is possible to create a surface state of the substrate
at 3Ui% 86llcty afbthpeme bedih@hcaargnetsi extre@elgraieng by
conductlng treatment with a free polishing agent
containing colloidal silica prior to filmgeneration
treatnment of the flat substrate to be used for the

perpendlcular ﬂagngﬁbesﬁﬁﬁgt%p@%nﬂﬁﬁﬂﬁ%&'By this

neans, i's pOSSI 'e to control the crystal gromﬁh of

E;Bre\/ga ‘%E&%}: Blﬁ’sﬁni(ee‘geg 101%,t glls (r)sls%ebg(% I%gera]t{l n | Ca ﬂ&e of the

within the prescr d ran rov the SNR
o356 i< R EE CMBEGH ERBBY HTIGERE GepbiFRy, with o fre
per pendi cul ar nagnetlc recor di ng nedlun1SU|ted to hig Q
poliskioe diea eRNE o llpdal Riligk PEop te ilBugIation dErefmeng of the flat
Mor eover, by neans of this surface treatnent, it is
substsase bi ke essddor e parpoadipdainegrietie reratsieg medivat oBHithigmeans, it is
medi um havi ng very satisfactory reproduction stability
pdshidle BUPMUGS Sies ciybial gooith rofrthe nedgndia. Byé, NSerl theAhalf-width of the
magneti c.recordi ng nmedi um conprising: a non-magnetic

R§ékl?1§gt E@V€(A650) 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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a soft magnetic underl ayer conposed at |east of soft
magnetic material; 5 an orientation control |ayer for

woami7roaddo8 ng t he orientation of the |ayer direeCirygpP2006/314197

above; a perpendicul ar magnetic recording | ayer having
an easy axis of magnetization that is mainly oriented
perpendicularly relative to the non-nmagnetic
substrate; and a protective |layer, which are di sposed
on top of the non-nagnetic s@Bstrate; wherein a
magneti c anisotropy ratio (Hm/Hnc) of the soft
magnetic underlayer is 1 ofLAIMS| ess, and the

hal f-wi dth of the Rocking curve (DQ0) is 1to 6

1. de gragegic rRcordingatpdatm,compusingi ng medi um according to

claim1, wherein the magnetic ani sotropy ratio
( Heoh-ephetfsubhietgof t nagnetic underlayer is 0.7 or
| ess. 3. A nmagnetic recording medi umaccording to

Ch 3bfiirhgNIRBHE dyBecdhdldsedbtdéRt & sofihigadneskinagrial)r ve
(DQ®O0) of the soft magnetic underlayer is 1 to 3.5

d i | i . ' Pditicng above;
S R e e R G LR
of the primr rf f - i, C: -0 :
s rtpoy T be T ARy 1LY AAPREIRGREY il ldh@ifition that i
according to clai.m lwherei n the non-nagnetic substrate
Beh Rt et P HETG e e g e PR PR g 1y Srd e

gl ass substrate, or a siljcon syhstrate. 6. A ]

p? pratrstivolsyssr whish ére dispogediyiqaof heopgnagnale sHba 2R
conprising: O a step of polishing a primary surface of |
awhaeinrrgagietic agisbenyaradio &Hna/limgeqf-tﬁ«y peft magpgtjcginderlayer is 1 or
processi ng device using polishing tape and a slurry
Cclesd, andihe Qalceilithiod ale Radkingacuader(A8DW)ds @b degrees.
subsequent step formng a soft nmagnetic underl ayer

I

2.C8 rl%l@én@i.i@?ec%ﬁgiﬁg PRANG hécof@hehd dlaid N, tWikrdih ith@4gnetic anisotropy
a

surface of the non-magnetic substrate; and
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 (AB50) 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-type texture
processing device using polishing tape and a slurry containing colloidal silica abrasive

grain;
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a step formng at least an orientation control |ayer,
a perpendi cul ar nagnetic recording |ayer and a

wonoi7acedose | ayer sequentially on the surface e€TubPm06/314197

soft magnetic underlayer. 7. The production process

for a magnetic recordi ng nmedi umaccording to claim®6
wherein the slurry containing colloidal silica

abrasive grain conprises colloidal silica abrasive

grain with an average grain 8ze of 0.03 to 0.5 M in

a concentration of 3 to 30 mass % 8. The production )
prsulssauent sfep faagping 3 sofy magnetie Hederlayer pentaivieg willygagnstic material on
claim6 wherein the polishing tape is weave-type tape

orthé prixakrytsyfacetof ples, napempgricie dubsfragopdndur et hane. 9. The
production process for a magnetic recordi ng nedi um

a fhrfthgt 9 ledsaiaobiendagiore bontioh dayet, ep paperpiidul &hiagpetis recording
conducted whil e applying the polishing tape to the

NQhveiBad & %ﬁ&ecﬁv@ Uh&t deqhdhtially 6n Me@bFide e D& rhazn6fBbunderlayer.
kPa. 10. The production process for a magnetic

7.2’]?1%3%?%1@%{)@9&09@ @Fggé%é‘g‘%\,\ﬁe??‘%@ g ﬁjcﬁrdﬁr@etosél'cﬁﬁl 6 wherein

IS Ccon e rotating the

- tic.sub . ' . . .
%gg%&apg nﬁ]gntl_al_lil}nsg}ico ogcﬂaté teslllgta ra@g&({)s?}g?%ﬂa&ggédn&%%? g:agé:lld%lgghéao abrasive

g@@g\;@ﬁ glga‘?egang”g%i%gg? hgggﬁng?(ﬂg tp!lﬁ: itnglec%)?nr:gnitrg orgngp i %n%o mass %.

8. The production process for magnetic recording medium according to claim 6 wherein the

polishing tape is weave-type tape or flock-type tape, comprised of bolyurethane.

9. The production process for a magnetic recording medium according to claim 6 wherein

the step of polishiﬁg is conducted while applying the polishing tape to the non-magnetic
substrate at a pressure (;f«98 to 686 kPa.

10. The production process for a magnetic recording medium according to claim6 wherein
the step of 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 comprising the magnetic recording

" medium according to any of the claims 1 to 5.



