DESCRI PTI ON  PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM MANUFACTURI NG METHOD
Technical Field [0001] This invention relates to a nethod of nmanufacturi

a perpendi cul ar
per pendi cul ar
Background Art
recent years.
100% Recently,

In order to sat

magneti ¢ recordi ng nmedi um adapted to be nmounted in a
magneti c recording type HDD (hard disk drive) or the liKke.
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[0002] Various information recording techni ques have been
devel oped followi ng the increase in volunme of information processing in
Particularly, the areal recording density of HDDs using the
magnetic recording technique has been increasing at an annual rate of about
the information recording capacity exceedi ng 100GB has been
requi red per 2.5-inch magnetic di SBESGRRPEON or use in a HDD or the like.

isfy such a requirenent, it is necessary to realize an

i nformation recording density exceeding 200&uits/inch2. In order to ach
the high recording d [ i i i i HDD or the |
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conventionally comercialized magnetic disks of the in-plane nagnetic
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hori zontal nr@RBIchFFieRcordi ng type), as a result of the reduction in size of
magnetic crystal grains, there has arisen a so-called thermal fluctuation 2
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This invention reiates to a method of manufacturing a perpendicular

magnetic recording medium adapted to be mounted in a perpendicular

magnetic recording type HDD (hard disk drive) or the like.

Background Art

[0002]

Various information recording techniques have been developed

following the increase in volume of information processing in recent years.

Particularly, the areal recording density of HDDs using the magnetic recording

technigue has been increasing at an annual rate of about 100%. Recently, the

information recording capacity exceeding 100GB has been required per

2.5-inch magnetic disk adapted for use in a HDD or the like. In order to satisfy

such a requirement, it is necessary to realize an information recording density

exceeding 200Gbits/inch®.  In order to achieve the high recording density in a

magnetic disk for use in a HDD or the like, it is necessary to reduce the size of

magnetic crystal grains forming a magnetic recording layer serving to record

information signals, and further, to reduce the thickness of the layer. However,

in the case of conventionally commercialized magnetic disks of the in-plane

magnetic recording type (also called the longitudinal magnetic recording type or

the horizontal magnetic recording type), as a result of the reduction in size of

magnetic crystal grains, there has arisen a so-called thermal fluctuation

eve
ke,

t he

stability of recorded signals is degraded due



super par amagneti sm so that the recorded signals are |ost, which has thus
becone an inpeding factor for the increase in recording density of the
magneti c disks. (0003] 1In order to solve this inpeding factor, magnetic
di sks of the perpendicular magnetic recording type have been proposed in
recent years. In the case of the perpendicular magnetic recording type, as
different fromthe case of the in-plane,magnetic recording type, the easy
magneti zation axis of a magnetic record%ng | ayer is adjusted so as to be
oriented in a direction perpendicular to the surface of a substrate. As
conpared with the in-plane nmagnetic recording type, the perpendicul ar

magnet i ¢ r eqirediomgneppeherathe Hgppaksigbiliyeot recaraed Slglnabtlaﬁﬁgfﬁﬁieﬂmdﬁ”enon and

thus is suitable for increasin he re di ng density. Fo anple
Tapancee UncRRIREAMBEDGINT ABANILE Toso ORLHANES EY S St I8 NAp I B005. 285275

Fecordi ng. maomadn M Bnd bOBeTdHRse A el ieRED e oo Cecd

| ayer, an u d ayer, a perpendicular magnetic recording Iayer, a medi um
protective layer, and a lubricating layer that are fornmed on a substrate in
t he order naned. gjjer, United States Patent No. 6468670 Specification
(Pat ent Docunent 2) discloses a perpendicul ar magnetic recording nedi um
havi ng a confi gur dt boderito solve this dnpeding fanger; cagpbtcldishs of fheci al lattice film
continuous | ayer (exchange-coupled layer) is adhered to a granul ar

recor di ng | ayaspendieilanmapoelitwacording typpdars deen exopaseddn Pegentyeaqspl ircat i on
Publ i cati on gJP—A No. 2005-285275 Patent Docunent 2: United States Patent
No. 6468670 8B&EF? Pk ke ReTPemsicpp@agBets recasiing, et apdiftgrent from the

case of the in-plane magnetic recording type, the easy magnetization axis of a
magnetic recording layer is adjusted so as to be oriented in a direction
perpendicular to the surface of a substrate. As compared with the in-plane
magnetic recording type, the perpendicular magnetic recording type can
suppress the thermal fluctuation phenomenon and thus is suitable for increasing
the recording density. For example, Japanese Unexamined Patent Application
Publication (JP-A) No. 2005-285275 (Patent Document 1) discloses a technique
about a perpendicular magnetic recording medium having an adhesive layer, a
soft magnetic layer, a seed layer, an underlayer, a perpendicular magnetic
recording layer, a medium protective layer, and a lubricating layer that are
formed on a substrate in the order named. Further, United States Patent No.
6468670 Specification (Patent Document 2) discloses a perpendicular magnetic
recording medium having a configuration in which an exchange-coupled
artificial tattice film continuous layer (exchange-coupled layer) is adhered to a
granular recording layer.
Patent Document 1:  Japanese Unexamined Patent Application

Publication (JP-A) No. 2005-285275
Patent Document 2:  United States Patent No. 6468670 Specification

Disclosure of the Invention



Problemto be Solved by the Invention [0004] As described in Patent
Docunent 1, the technique is generally enployed wherein a soft nagnetic

| ayer is provided below a nmagnetic recording |ayer in a perpendicular
magneti c recording medium so that a high recording magnetic field is
applied to the magnetic recording |ayer by formng a closed magnetic path
starting froma recording head and returping to the recording head through
the soft magnetic layer. Wth this configuration, it is possible to apply a
strong magnetic field to a recording track, but since a | eakage magnetic
field to adjacent tracks increases simultaneously, there arises a probl em of
WATE (W de Arrehlemr telie Bolvedrty)theilnwentianphenonenon i n which recorded
information is | ost over several pmcentering around a track subjected to
witing. This prd®@his particularly actualized in a format where adjacent
tracks are close

t th [ ~e. a hi di ng density f t).
10005] e a t echAsrsnBed i daehhgSadent fiind Edbiaysls SBBSEbor tant 1o make
e . . et | .
Fecor di ng 1 UPEREaWARHT 8 BT adie R e Bl ea il U Rbaectel MY | ¢
der 1 ! ! . . ‘ X .
b oposed a Ce! T B B B o T
(conti nuous hayestic fidld &t appisditd tHesmag hetib reperdienidyeubafor g @ tioge@ni sot r opy,

formed above or below a magnetic recording |ayer having a granul ar

structure, jmagneit phdk ctartieglfrom Peacerding Deadiasd retAmif@AOBE rettrdimger , even i f

the configuration of the CGC nmediumis si n‘RI y enployed for a perpendicul ar

magnet i ¢ rectgad thepuabdhe spftimagnetigilayier.c With tljs eenéguratien. dus possiblettor ever sed

domai n nucl egpgp;h? 2 S%%S err%ailgcne];ié; ?llelccij tgrél rteggrtdir;sgattrécﬁj, Ibﬁis since a leakage magnetic
field to adjacent tracks increases simultaneously, there arises a problem of
WATE (Wide Area Track Erasure), i.e. a phenomenon in which recorded
information is lost over several ym centering around a track subjected to writing.
This problem is particularly actualized in a format where adjacent tracks are
close to each other (i.e. a high recording density format).

[0005]

As a technigue for reducing WATE, it is said to be important to make
negative a reversed domain nucleation magnetic field (Hn) of a magnetic
recording layer and further to make large an absolute value thereof. In order to
obtain a high (absolute value is large) Hn, there has been proposed a CGC
(Coupled Granular Continuous) medium with a thin film (continuous layer), that
exhibits a high perpendicular magnetic anisotropy, formed above or below a
magnetic recording layer having a granular structure, just as described in Patent
Document 2.

[0006]

However, even if the configuration of the CGC medium is simply
employed for a perpendicular magnetic recording medium, it is difficult to obtain
a sufficient reversed domain nucleation magnetic field Hn that satisfies

Hn<-2000 oersteds (Oe).



Hn<- 2000 oersteds (Ce). 4 [0007] This invention ains to solve such probl ens
and has an object to provide a perpendi cular nmagnetic recordi ng nedi um
manuf acturing nmethod that can easily enhance a reversed donai n nucl eation
magnetic field Hh of a nagnetic recording |layer in a perpendi cul ar nagnetic
recordi ng nmedi um having, over a substrate, a soft nagnetic |ayer, the
magneti c recording |layer having a granular structure, and a conti nuous

| ayer having a hi gh perpendicul ar magnet4c anisotropy. Means for Sol ving
the Problem [0008] In order to solve the above-nentioned problem a

per pendi cul ar magnetic recordi ng nedi um manufacturing method according to
this invention is[0aJ¥aracterized by including a soft magnetic |ayer form ng
step of formng a soft nmagnetic |ayer over a substrate, a magnetic

recordi ng | ayer f dihis ingerticeyaiofs tofsolvaisugh aretigmetand hascor ebjeef tbayer having a
granul ar structure as an upper |ayer of said soft magnetic |aye

cont i nuous IFH9‘éPeﬁd?QfPﬂ@d'§‘#lébm@9”? rRCAEAing meghim m%w%qﬂarmmﬁé\ﬁdﬁaata

di cul | f
031 8 magnet | R0y A brve R am AL ARG o B el HE TR nedt um.
obtai ned by heumiReSaka9R RYBSpERIETa! RasALit £oBld ﬁglméﬁ.dnmgmgf or i ng

step, for |npr vin erse on magne field

Hn. [0009] 6Ué¢a%lﬂjb§irét@tgs'oﬁ nﬁ’é@eﬁr‘lbﬂ’@e‘x‘ tﬁe%a’@ﬁﬁh&?@éorﬁﬁg%@'h‘a@lﬁbd n heat
resistance. As the glass for t substrate, an anorpholis gl ass or a

crystal | i zedyrgh@assteddiurehand saasbnéndous layerexaving & highhserpesdioulhemaghelt an
alum nosilicate glass, an
anisotropy.

Means for Solving the Problem

[0008]

In order to solve the above-mentioned problem, a perpendicular
magnetic recording medium manufacturing method according to this invention is
characterized by including a soft magnetic layer forming step of forming a soft
magnetic layer over a substrate, a magnetic recording layer forming step of
forming a magnetic recording layer having a granular structure as an upper
layer of said soft magnetic layer, a continuous layer forming step of forming a
continuous layer having a perpendicular magnetic anisotropy as an upper layer
or a lower |layer of said magnetic recording layer, and a heating step of heating
a medium, obtained by forming said continuous layer in said continuous layer
forming step, for improving a value of a reversed domain nucleation magnetic
field Hn.

[0009]

The substrate is preferably a glass that is excellent in heat resistance.
As the glass for the substrate, an amorphous glass or a crystallized glass can
be used and, for example, there can be cited an aluminosilicate glass, an
aluminoborosilicate glass, a soda lime glass, or the like. Among them, the

aluminosilicate glass is preferable. When the soft magnetic layer is



al um noborosilicate glass, a soda |line glass, or the Iike. Anong them the
alumnosilicate glass is preferable. Wen the soft magnetic layer is 5

anor phous, the substrate is preferably the anorphous glass. It is preferable
to use a chemcally strengthened gl ass because the rigidity is high. [0010]
The surface roughness of the main surface of the substrate is preferably
6nmor less in Rmax and 0.6nmor less in Ra defined by JIS. By providing
such a snooth surface, a gap between peﬂ%endicular magnetic recording |ayer
- soft magnetic |ayer can be set constant so that it is possible to forma
sui tabl e magnetic circuit through nmagnetic head - perpendicular magnetic
recor di ng | areerphossfthe substeate ds puyerably[the atbrphdus glaspedt isveelesatde ¥ over
the substrate are preferably forned by a sputtering nethod. Wen the | ayers
are fornmed péetd engnicply ﬁtyelwtwedﬁigsfebewseﬁm fighditiiés Wgbhod, uniform fil m
formation is enabl &ﬂ However, in terns of the mass productlvity, it is

al so preferable té g% an in- Iine type film formng nethod. [0012] The

sof L Tagnetic | 2y Shel 3y AL BAHEU LR HOmbN a3 o hedmdfp o formed o

a magneti c body t hat ex magneti c propertres and, for exanple,

use can be Hqgg}ﬁﬁl tieh FekaC- based
al | oy, FeTa@g%sréelﬂygﬂnggﬂg%ﬁlﬁ@gg?g al | oy, Ogllzéé%;g-ﬁtﬂ%gﬁgrbyaﬁs §§lFeCo based

all oy, a Co- Jhasnem gSRich aEgo6ethi surfaBe &4 gap bé%n%‘erﬁ@ﬂ’cﬁ&ﬁlabm&gdet&i l oy or
CoNbZr - based al | oy, an FeCo- based al | oy soft magnetic material, or the |ike.

[ 0013] Furt hrecordirgelagef t sofyagnéte (hggrerangreefetrcabbipnhas theed itiis poaagaem c
property form a suitable magnetic circuit through magnetic head - perpendicular
magnetic recording layer - soft magnetic layer.

[0011]

The respective layers over the substrate are preferably formed by a
sputtering method. When the layers are formed particularly by a DC
magnetron sputtering method, uniform film formation is enabled. However, in
terms of the mass productivity, it is also preferable to use an in-line type film
forming method.

[0012]

The soft magnetic layer is not particularly limited as long as it is formed
of a magnetic body that exhibits the soft magnetic properties and, for example,
use can be made of an Fe-based soft magnetic material such as FeTaC-based
alloy, FeTaN-based alloy, FeNi-based alloy, FeCoB-based alloy, or FeCo-based
alloy, a Co-based soft magnetic material such as CoTaZr-based alloy or
CoNbZr-based alloy, an FeCo-based alloy soft magnetic material, or the like.

[0013]

Further, the soft magnetic layer preferably has as its magnetic property
a coercive force (He) of 0.01 to 80 oersteds and more preferably 0.01 to 50
oersteds. Further, it preferably has as its magnetic property a saturation
magnetic flux density (Bs) of 500emu/cc to 1920emu/cc. The thickness of the

soft magnetic layer is preferably 5nm to 1000nm and more preferably 20nm to



a coercive force (Hc) of 0.01 to 80 oersteds and nore preferably 0.01 to 50
oersteds. Further, it preferably has as its nmagnetic property a saturation
magnetic flux density (Bs) of 500enu/cc to 1920enu/cc. The thickness of the
soft magnetic layer is preferably 5nmto 1000nm and nore preferably 20nmto
6 150nm Wien it is less than 5nm there is a case where it becones
difficult to forma suitable magnetic Cé'rcuit t hrough nmagnetic head -

per pendi cul ar magnetic recording |layer ® soft magnetic |ayer, while, when
it exceeds 1 000nm there is a case where the surface roughness increases.
Further, when it exceeds 1000nm there is a case where the sputtering film
formati on beld@mes Whefitdsless th@0dah, thene isrmgase wheredt bectimes difficalt to s
preferably fornmed of CoCrPt and a nonnagneti ¢ substance. The nonmagnetic
subst ance” nd9MH@ wifgbleUpagraticcircHd threugh Magnetic ead spppeadicdlarnat can form

grai n boundar rtions.around neti.c grains.so as to suppr or bl ock
The. exchangd FoRICHEEMOH et e TARNHEREET BRI 11 e 4o, 000N g
nonmagneti c S. i d- u : ( npl e,
silicon oxi C}gg%é%a(q’;é%emeg%%éng%@%g #E)lgﬁp%%ssdﬁn(?%%sée %ﬁ’whﬁ?ani um oxi de
(Ti @2), zi1 CaRbEYS 9506 (hePk.a BIKb WiREtbahs e%%rﬁ@ filfn FBARMorFBELdAfeCi ted as
exanpl es. The content of SIQ2 is preferably 3nol %to 20nol % and nore
preferably Sdamcdtto 12nol % The thickness of the magnetic recording |ayer
is preferably 3nmor nore and nore preferably 7nmto 15nm [0015] The
continuous | ayer i[@¥eferably forned by stacking an exchange energy

control layer in the formof alternate |ayers of CoB and Pd or Pt and a
coupl i ng control |TAgdragralis reeondingdayetis arrierbmiorged 6f EeGPeantha exchange

nonmagnetic substance. The nonmagnetic substance may be any substance
as long as it is a substance that can form grain boundary portions around
magnetic grains so as to suppress or block the exchange interaction between
the magnetic grains and that is a nonmagnetic substance not solid-soluble to
cobalt (Co). For example, silicon oxide (SiOx), chromium (Cr), chromium oxide
(CrOy), titanium oxide (TiO»), zirconium oxide (ZrO,), and tantalum oxide
(Taz0s) can be cited as examples. The content of SiO; is preferably 3mol% to
20mol% and more preferably 5mol% to 12mol%. The thickness of the
magnetic recording layer is preferably 3nm or more and more preferably 7nm to
15nm.

[0015]

The continuous layer is preferably formed by stacking an exchange
energy control layer in the form of alternate layers of CoB and Pd or Pt and a
coupling control fayer made of Pd or Pt and serving to couple the exchange
energy control layer to the magnetic recording layer. However, the exchange
energy control layer is intended to improve the reversed domain nucleation
magnetic field Hn and, if Hn can be improved, the exchange energy control
layer is not necessarily in the form of the multilayer film. Further, since the
magnetic effect does not change, the exchange energy control layer can be

disposed above or below the magnetic recording layer. When the exchange



energy control layer to the magnetic recording |ayer. However, the exchange
energy control layer is intended to i nprove the reversed donmai n nucl eation
magnetic field Hh and, if Hn can be inproved, the exchange energy control

| ayer is not necessarily in the formof the nmultilayer film Further, since
the magnetic effect does not change, the exchange energy control |ayer can
be disposed above or bel ow the magnetic recording |ayer. Wen the exchange
7 energy control layer is forned above & he magneti c recording | ayer, the
magnetic recording |ayer, the coupling control |ayer, and the exchange
energy control layer may be stacked in the order naned from bel ow, whil e,
when t he excdnmngecorgr fayer ioiormed abayethe magoetivedcorlingaybe thenmagnétic
recording |ayer, the exchange energy control |ayer, the coupling control

| ayer, and t'BEOWigayer the eihling ggnirglyarerniid he exchangriengraykentPlder named

[rom bel o Lootel bl REah B8 ShePed e Ch IS s B8, g
the conti nuoys, | ausor S, REALL BRI 1nE/Fa BRI HELRINIG, BEfe0r Med el ther i

vacuumor inai ess " the surface o idmi’s=co nated. The

heating te”péicﬁhh'@@ehér_gg{%gﬁfrérlﬁ%r t lin@Eéntt @ 1A @ritNhe Magdteul arly at

about 200C, 1t is” possi to achi eve the bal ance between the easi ness of

tenperat ur e reedidirg lagedmhp®e stasketiantfe dec pamkamiontbeloint y. Effect of the
I nvention [0017] According to this invention, with respect to a

per pendi cul ar nmagr@®i6d recording nmedium it is possible to easily enhance a
reversed domain nucleation magnetic field Hh and thus to inprove the WATE
characteristics viNeHRAing siefeis\prelReaRly pRTIeAOUEKSISY iErferasRiakeRhi ng process
(W thout deg(rh%g{ir?ggsystem) to heat the medium obtained by forming the continuous layer.
Such heating of the medium may be performed either in vacuum or in air unless
the surface of the medium is contaminated. The heating temperature is
preferably about 150°C to 240°C and, particularly at about 200°C, it is possible
to achieve the balance between the easiness of temperature control and the

assurance of constant quality.

Effect of the Invention

(0017]

According to this invention, with respect to a perpendicular magnetic
recording medium, it is possible to easily enhance a reversed domain
nucleation magnetic field Hn and thus to improve the WATE characteristics
without largely changing the existing manufacturing process {without degrading

the mass productivity).

Brief Description of the Drawings

[0018]

Fig. 1 is a diagram for explaining the configuration of a perpendicular
magnetic recording disk according to an embodiment.

Fig. 2 is a diagram for explaining a method of manufacturing the



the mass productivity). Brief Description of the Drawings [0018] Fig. 1 is
a diagram for explaining the configuration of a perpendicular nmagnetic
recordi ng disk according to an enbodinent. Fig. 2 is a diagramfor
expl aining a nethod of manufacturing the 8 perpendicul ar nagnetic recording
disk of Fig. 1. Fig. 3 is a diagramshow ng changes in nmagnetic properties
due to heating in a heating step of Fi 2. Fig. 4 is a diagramshow ng the
rel ati onship between the heating tenperature and the reversed domain
nucl eati on magnetic field. Fig. 5 is a diagramfor explaining the
configuration of a perpendicul ar _mag_neti c recording disk (perpendicular
magneti c r ed@pendiciadinaeyeticweplingdisk ¢f Rissdcond enbodiment. Fig. 6 is a
di agram showi ng changes in nagnetostatic properties due tg heating in a
heating step. Des}ﬂaca-gi'ﬁcﬁqd'egra%@%@wg C[”GOE%E] in magpelic ORRYiLadEe 19 adhesi ve
| ayer 3 soft neti¢ layver. 4 ardenfation control layer 5 underlayer 6
granul ar Iam%g%%ﬂg}e@ﬁxg8@8r‘§i#ﬁ%%ayer) 7 continuous | ayer 8 nedium
protective layer giq 4is a diagram showing the relationship between the heating

temperature and the reversed domain nucleation magnetic field.

Fig. 5 is a diagram for explaining the configuration of a perpendicutar
magnetic recording disk (perpendicular magnetic recording medium) according
to a second embodiment.
Fig. 6 is a diagram showing changes in magnetostatic properties due to

heating in a heating step.

Description of Symbols
[0019]

—

disk substrate

adhesive layer

soft magnetic layer

orientation control layer

underlayer

granular layer (magnetic recording layer)
continuous layer

medium protective layer

© o ~N O O s~ W W

lubricating layer

—_
Q

coupling control layer

—r
—a

exchange energy control layer

[\
(€8}

soft magnetic layer
23a first soft magnetic layer
23b  spacer layer

23c  second soft magnetic layer



9 lubricating |layer 10 coupling control |ayer 11 exchange energy control
| ayer 23 soft nagnetic |ayer 23a first soft nagnetic |ayer 23b spacer
| ayer 23c second soft nmagnetic layer 9 25 underlayer 25a first underl ayer
25b second under| ayer 27 onset |ayer 29 auxiliary recording |ayer S1 disk
substrate formng step S3 soft magnetic layer formng step S6 granular
| ayer formng step (magnetic recording | ayer formng step) S7 coupling
control layer formng step (continuous Efayer form ng step) S8 exchange
energy control layer formng step (continuous |ayer form ng step) S9
heating step Best Mbde for Carrying Qut the Invention [0020] [First
Enbodi nent] 28 fi r sinderdysdti nent of a perpendi cul ar magnetic recordi ng nedi um
according to this invention will be described with reference to the
dr awi ngs. 2ba  first underlayer
25b  second underiayer
27 onset layer
29 auxiliary recording layer
St disk substrate forming step
S3 soft magnetic layer forming step
56 granular layer forming step
(magnetic recording layer forming step)
S7 coupling controi layer forming step
{(continuous layer forming step)
S8 exchange energy control layer forming step
(continuous layer forming step)

S9 heating step

Best Mode for Carrying Out the Invention

[0020]

[First Embodiment]}

A first embodiment of a perpendicular magnetic recording medium
according to this invention will be described with reference to the drawings.
Fig. 1 is a diagram for explaining the configuration of a perpendicular magnetic
recording disk (perpendicular magnetic recording medium) according to the first
embodiment, Fig. 2 is a flowchart for explaining a method of manufacturing the
perpendicular magnetic recording disk, Fig. 3 is a diagram showing changes in
magnetic properties due to heating in a heating step, and Fig. 4 is a diagram
showing the relationship between the heating temperature and the reversed
domain nucleation magnetic field Hn. Numerical values given in the following

embodiment are only examples for facilitating the understanding of this



Fig. 1 is a diagramfor explaining the configuration of a perpendicul ar
magnetic recording disk (perpendicul ar magnetic recordi ng nmedi um according
to the first enbodinent, Fig. 2 is a flowhart for explaining a nethod of
manuf acturing the perpendicular nmagnetic recording disk, Fig. 3 is a

di agram show ng changes in nmagnetic properties due to heating in a heating
step, and Fig. 4 is a diagram show ng the relationship between the heating
tenperature and the reversed donain nuc¢Peati on magnetic field Hn. Numerica
values given in the follow ng enbodinment are only exanples for facilitating
t he understanding of this 10 invention and are not intended to limt this

i nvent i on unihesgiootanerare st sttendad to DR KLnTérdiopesnessditbatvase atatatet i ¢
recording disk shown in Fig. 1 conprises a disk substrate 1, an adhesive

|l ayer 2, a soft mifRic layer 3, an orientation control layer 4, an

9 e SR R W T S SR
Sthunse” e SRR S AR
per pend: cul eriROBh § dGANGHENG: o rartler by etk AcShsyASE S 8 o1 0

by direct pressinudleiagdy7 i eddiinngraedivassystiss knbavupgcatdgdaysret errhef 65nm
(2.5 inches). This glass disk was ground, polished, and chenmically

st r engt henedcdntinseupllaper? is doenpdsedodd taadiphigg thmira naari 0 arehsmagxatangedi sk
substrate 1 in the formof a chemically strengthened glass disk (step Si:
Descri bed asenexay comratiigyerdl. The sane shall apply hereinafter.). The
surface roughness é)égzéhe mai n surface of the disk substrate 1 was neasured
by an AFM (atom’c[ e mcroscope) and it was a snooth surface

For manufacturing this perpendicular magnetic recording disk, at first in
a disk substrate forming step (S1), an amorphous aluminosilicate glass was
molded into a disk shape by direct press, thereby producing a glass disk having
a diameter of 65mm (2.5 inches). This glass disk was ground, polished, and
chemically strengthened in sequence, thereby obtaining the smooth
nonmagnetic disk substrate 1 in the form of a chemically strengthened glass
disk (step S1: Described as "S1" in Fig. 2. The same shall apply hereinafter.).
The surface roughness of the main surface of the disk substrate 1 was
measured by an AFM (atomic force microscope) and it was a smooth surface
shape with Rmax of 3.0nm and Ra of 0.25nm. Rmax and Ra follow Japanese
Industrial Standard (JIS).

[0023]

Using an evacuated film forming apparatus, the layers from the
adhesive layer 2 to the continuous layer 7 were formed in sequence on the
obtained disk substrate 1 in an Ar atmosphere by a DC magnetron sputtering
method (step S2 to step S8). Then, an intermediate product (medium)
obtained in step S8 was heated in a thermostatic bath (step S9) and then the
medium protective layer 8 was formed by a CVD method (step S10).

Thereafter, the lubricating layer 9 was formed by a dip coating method (step



shape with Rmax of 3.0nm and Ra of 0.25nm Rmax and Ra fol |l ow Japanese

I ndustrial Standard (JIS). [0023] Using an evacuated filmform ng
apparatus, the layers fromthe adhesive layer 2 to the continuous |ayer 7
were formed in sequence on the obtained disk substrate 1 in an Ar

at nosphere by a DC magnetron sputtering nethod (step S2 to step S8). Then,
an i nternedi ate product (nedium obtai g$d in step S8 was heated in a
thernostatic bath (step S9) and then th medi um protective |ayer 8 was
formed by a CvD nethod (step S10). Thereafter, the lubricating |layer 9 was
formed by a dip coating nethod (step 11 S11). Hereinbelow, the structures
and speci fi StianuHacsinbdlow, thetstrodiired andchepeaifespaotiactiringyeetbods bf thee
described. [0024]. In the adhesive |ayer form ng step (S2), the adhesive

| ayer 2 was reseeGiva laparawilbkberdesgribgg. t arget so as to be a Ti-alloy |ayer of
10nm By form ng é&g adhesi ve layer 2, the adhesion between the disk
substrate 1 and tHh 4éft magnetic | ayer 3 can be inproved and, therefore,

it is possible to V S, DR ng: .qf [ Wi 3. As a
mat eri al of the aclirﬁ{e@ %@qsé\%e@’%&bnﬁ@g s&%&@ﬁ#&@%%#@ér%@%l e, a
Ti - cont ai ni ibala il 76 | Ciin - t he
adhesi ve IaggFﬁi@i@%'ngaeTiangg%@?t ﬁ)aﬁ%%té(;ﬁ élé%%q?er[%ﬁag)Sri]:nﬁ'. I%y f"ﬁﬁ"@oft
magnetic | ayAe abhesive thyet eptheShestoneredRéén IROAISK bGbdtRNEN ahd thasofior ned

using a CoTaZr target so as to be an anorphous CoTaZr |ayer of 50nm [0026]
magnetic layer 3 can be improved and, therefore, it is possible to prevent
stripping of the soft magnetic layer 3. As a material of the adhesive layer 2,
use can be made of, for example, a Ti-containing material. In terms of
practical use, the thickness of the adhesive layer is preferably set to 1nm to
50nm.

[0025]

In the soft magnetic layer forming step (S3), the soft magnetic layer 3
was formed using a CoTaZr target so as to be an amorphous CoTaZr layer of
50nm.

{oo26]

In the orientation control layer forming step (S4), the orientation control
layer 4 was formed using a Ta target so as to be an amorphous Ta layer having
a thickness of 3nm. In the underlayer forming step (S5), a Ru layer having a
thickness of 20nm was formed as the underlayer 5. The underlayer 5 may be
in the form of two layers made of Ru. By forming Ru on the upper layer side at
an Ar gas pressure higher than that used when forming Ru on the lower layer
side, the crystal orientation can be improved.

[0027)

In the granular layer forming step (S6), using a hard magnetic target
made of CoCrPt and SiO; as an example of a nonmagnetic substance, the
granular layer 6 with an hecp crystal structure of 10nm was formed. The

nonmagnetic substance may be any substance as long as it is a substance that



In the orientation control layer formng step (S4), the orientation control
| ayer 4 was forned using a Ta target so as to be an anorphous Ta | ayer
having a thickness of 3nm In the underlayer formng step (S5), a Ru |ayer
having a thickness of 20nmwas forned as the underlayer 5. The underlayer 5
may be in the formof tw |layers made of Ru. By formng Ru on the upper

| ayer side at an Ar gas pressure higher _than that used when form ng Ru on
the lower |ayer side, the crystal oriedfation can be i nproved. [0027] 1In
the granular layer formng step (S6), using a hard nmagnetic target nmade of
CoCrPt and S102 as an exanpl e of a nonmagnetic substance, the granul ar

| ayer 6 wi t hcaarfotmo grainysuadarytpamicens @oond itagmetiagrding seds td hepprashoagnet i ¢
substance may be any substance as long as it is a substance that 12 can

f orm grai n HeGIdEREXeBRRIDINErasAMbEtWagR e Magnalihgraits ard that udpr ess or
bl ock th h i.nt ti t th i i d that i
nonmgnet i o SBRENSE STBRRNT Pet SHRRe B ERBER] S el siRs, ' <i 1 con
e 00 ( _ ! . D) T . n.
21t cont um o TSP hkm G ARioA Y 8e YEHTE) malhEBRUFIBRLS Lxanpl s
[0028] In t hﬁrc?ﬁk'xm biifle ?%ﬁgj,q%nd l%ﬁl%ﬁurrﬁ%&f@er(g?@%léaﬁ BbloitelR &%H?kééf‘g control
y a plin

| ayer 10 was forned ayer. e cou control layer 10 can be
formed by a Pt | aygzg]instead of the Pd |ayer. The thickness of the coupling
control layer 10 is preferably 2nmor |less and nore preferably 0.5 to
1.5nm [0029] I nIn ke eougitiaggentoldaypyr fooming sted @yerthe @ooplivg sirem! (258) , t he
exchange energy control layer 11 is in the formof alternately |ayered
films of CoBlGwas Frmeshy awid laygermedhacodplingveostroplagent @ sambe formesl Bhi ckness

of the eXChaz?gtelayer instead of the Pd layer. The thickness of the coupling control layer
10 is preferably 2nm or less and more preferably 0.5 to 1.5nm.

[0029] |

In the exchange energy control layer forming step (S8), the exchange
energy control layer 11 is in the form of alternately layered films of CoB and Pd
and was formed at a low Ar gas pressure. The thickness of the exchange
energy control layer 11 is preferably 1 to 8nm and more preferably 3 to 6nm.
Using Pt instead of Pd, the exchange energy control layer 11 may be formed by
alternately laminating CoB and Pt.

[0030]

In the heating step (S9), the intermediate product obtained after the
formation of the exchange energy control layer 11 was heated in the
thermostatic bath at a predetermined temperature for a predetermined time. In
this event, the heating temperature is set to a temperature approximately higher
than 100°C and lower than 250°C, which is lower than that in a general
annealing treatment, and is preferably set to about 150°C to 240°C.

[0031]

Subsequently, in the medium protective layer forming step (510), the
medium protective layer 8 was formed by film formation of carbon by the CVD

method while maintaining a vacuum. The medium protective layer 8 is a
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fornmed of PFPE (pggddaoropol yether) by the dip coating method. The thickness

of the [ ubr

icating layer 9 is about 1 nm [0033] Wth respect to the

per pendi cul ar nmagnethelubdcating lagerdbeking stepufSidy,uhe tubvicatihg |dyer 8qEsng st eps,
Fig. 3 shows the neasurenent results

formed of PFPE (perfluoropolyether) by the dip coating method. The thickness
of the lubricating layer 9 is about 1nm.

[0033]

With respect to the perpendicular magnetic recording disk
manufactured by the foregoing steps, Fig. 3 shows the measurement results
obtained by a Kerr effect measuring apparatus. Fig. 3 shows, as examples,
the magnetic properties obtained through the heating step and the magnetic
properties obtained not through the heating step (heating temperature in the
heating step: 200°C). As is clear from the same figure, the slope of a
hysteresis loop becomes steeper by applying the heat treatment, so that the
absolute value of a reversed domain nucleation magnetic field Hn becomes
larger.

[0034]

Fig. 4 shows, in the form of a graph, the refationship between the
heating temperature and the reversed domain nucleation magnetic field Hn by
changing the heating temperature from 50°C to 250°C using the thermostatic
bath. As shown in the figure, it is seen that the value of Hn exhibits the heating
temperature dependence and is largely improved when the heating temperature
is about 150°C to 240°C, particularly around 230°C. Since the value of Hn is
rapidly reduced when the heating temperature exceeds 230°C, it may be very

effective, in terms of achieving the balance between the easiness of



obtained by a Kerr effect neasuring apparatus. Fig. 3 shows, as exanpl es,
the magnetic properties obtained through the heating step and the nagnetic
properties obtai ned not through the heating step (heating tenperature in the
heating step: 200C). As is clear fromthe sane figure, the slope of a
hysteresis | oop becones steeper by applying the heat treatnent, so that the
absol ute value of a reversed donai n nucl,eati on magnetic field Hn becones

| arger. [0034] Fig. 4 shows, in the foﬂﬁ} of a graph, the relationship
between the heating tenperature and the reversed domai n nucl eati on magnetic
field Hh by changing the heating tenperature from50C to 250C using the

t her nost at i denipatdiuresordtoband the assrrdnapuefecnstant gualidy o nranufadiereval ue of Hn
exhibits the heatin t enperature dependence and is |argely inproved when

t he heati ng ResRpRGiewar @agnetiaigeatding edtecdyersting pier heatinddempertvigrda 230C.
Since the vzi th of Hh is rapidly reduced when the heating tenperature
exceeds 230 ,0 p%@ssbe very effective, in terns of achieving the bal ance
bet ween t he easi n‘fl?(?)(i f 14 tenperature control and the assurance of
constant quality, nuf acture perpendi cul ar magneti c recordi ng nedi a by

setting the heall g hfBRaici ity bboBR Oheleafing BRAas pbilotiiey T or egol ng

first enbodi nent, the step was perforne diately after formng

t he exchangenfnedigtelyCaitdr FMmihg YRy exchanle WRER)y. con@bl laleéim 1.eHéwedh] ot
sequence, the sane effect can be obtained by applying the heat treatnent

af t er form nignitdeetonthidi sequpned, doe Earmel edfget e be bitaindorbycatplyiog ey beat9, or
other filnms as long as after the formati on of the exchange energy control
| ayer 11. treatment after forming the medium protective layer 8, the lubricating layer 9, or
other films as long as after the formation of the exchange energy control layer
1.
[0036]
[Second Embodiment]

A second embodiment of a perpendicular magnetic recording medium
according to this invention will be described with reference to the drawings.

Fig. 5 is a diagram for explaining the configuration of a perpendicular magnetic
recording disk (perpendicular magnetic recording medium) according to the
second embodiment and Fig. 6 is a diagram showing changes in magnetostatic
properties due to heating in a heating step. The same symbols are assigned
to those portions of which description overlaps that of the foregoing first
embodiment, thereby omitting explanation thereof.

[0037]

The perpendicular magnetic recording disk shown in Fig. 5 comprises a
disk substrate 1, a soft magnetic layer 23, an orientation control layer 4, an
underlayer 25, an onset layer 27, a granular layer 6 (magnetic recording layer),
an auxiliary recording layer 29, a medium protective layer 8, and a lubricating
layer 9.

[0038]

The soft magnetic layer 23 is formed by interposing a nonmagnetic



[ 0036] [ Second Enmbodi nent] A second enbodi ment of a perpendi cul ar magnetic
recordi ng medium according to this invention will be described with
reference to the drawings. Fig. 5 is a diagramfor explaining the
configuration of a perpendicular magnetic recording disk (perpendicul ar
magneti c recordi ng medi un) according to the second enbodinent and Fig. 6 is
a di agram showi ng changes in nmagnetostatic properties due to heating in a
heating step. The sane symbols are assidAed to those portions of which
description overlaps that of the foregoing first enbodi nent, thereby
omtting explanation thereof. [0037] The perpendicul ar nmagnetic recording
di sk shown igpaEeglayér 23nbetwees @firstiscfkmagbstio layer 23a and afsecomgsefti c | ayer
23, an orientation control |ayer 4, an underlayer 25, an onset |ayer 27, a
granul ar | aymagseticraggrd3cesa axcior tveAR Gyantiferro-aagaeiic Ekehangeasoplitglg | ayer
29, a nmedium protective layer 8, and a lubricating layer 9. [0038] The
soft nagnet i With é@éPOQ@W@t'WbW%‘?aW% dirgsdisnsy gt ﬁ'eﬁﬁﬁr%tr@ﬁg'&et@daygpacer

ragnet o | ayild 3eegnd 3ot FagaelE B pan P pion %@&%@lﬁ& RERRREABE coup i ng).
Vi Ln RS (OBl B2y TRORE! kAR AEd RELOD R ocHBEnEh i Bl doanet ! ©

| ayer and t magneti’c Tayer Fant | par al

each ot her éﬁ\cﬁ IS%%WS’p‘feﬁémcﬁﬂy ?H@éomboélt%rp@ﬁtﬁb@i@ sToﬁ rh&GHEHE 14y S e

generated fro e soft nmagnetic lTayer . Speciftically, the corrp05|t| on of
the first sogaaaﬂunwyse@ohdxeﬂrnéﬁhenaw@etQsceanbsdbdnmw magnetic |ayer 23c

can be CoTaZr (cobalt-tantalumzirconium or CoFeTaZr
(cobal t - i r oncbbalt-wEntatumi-ziconiummy)ar GdteTaZr (cobalt-iron-tantalum-zirconium). The
composition of the spacer layer 23b is Ru (ruthenium).

[0039]

The orientation control layer 4 has a function of protecting the soft
magnetic layer 23 and a function of facilitating alignment of the orientation of
crystal grains of the underlayer 25. The orientation control layer 4 can be a
layer of Pt (platinum}, NiW (nickel-tungsten), or NiCr (nickel-chromium) having
an fce structure.

[0040]

The underlayer 25 has a two-layer structure made of Ru. By forming a
second underlayer 25b on the upper layer side at an Ar gas pressure higher
than that used when forming a first underlayer 25a on the lower layer side, the
crystal orientation and the separation of magnetic grains of the granular layer 6
can be simultaneously improved.

[0041]

The onset layer 27 is a nonmagnetic granuiar layer. By forming the
nonmagnetic granular layer on an hcp crystal structure of the underlayer 25 and
growing the granular layer 6 thereon, the nonmagnetic granular layer has a
function of separating the magnetic granular layer 6 from an initial stage

(buildup). The composition of the onset layer 27 is nonmagnetic CoCrRu-SiO;

(SiOy: silicon oxide).



conposition of the spacer layer 23b is Ru (ruthenium. [0039] The
orientation control |layer 4 has a function of protecting the soft nagnetic
| ayer 23 and a function of facilitating alignment of the orientation of
crystal grains of the underlayer 25. The orientation control |ayer 4 can be
a layer of Pt (platinunm), N W(nickel-tungsten), or N Cr (nickel-chromum
having an fcc structure. [0040] The underlayer 25 has a two-| ayer
structure made of Ru. By formng a secdRd underl ayer 25b on the upper |ayer
side at an Ar gas pressure higher than that used when formng a first
under | ayer 25a on the |ower |layer side, the crystal orientation and the
separation of nagpéd4a grains of the granul ar layer 6 can be simultaneously
i nproved. [0041] The onset layer 27 is a non netic granular |ayer. By
form ng the nonm@ma@a&mnwma@@mﬂe fafrp@gfp?tcrystal structure of the

derl th I t h t
gr anul af 1 ayPOAGN AN DAIR AN UB AP SHge (Ho:HERR@Anorgraslar I ayer 6

froman initjal Tk 0 0, | ayer 27 is
nonmagneti c @é}%@g%ﬁ&z@(’ Q%@%%%%%? M@@rﬁ% czgthpﬁj%&fur él&g‘aﬂ ﬁ%@%‘%g a hard
magneti c target nstg@;ﬂf CoCrPt (cobalt-chrom umplatinum and titanium
oxide (Ti2) bein onmagneti c substance, the granular layer 6 with an

FeEneTdobes. Ty ESHS] R 0 looRuous b oy cr 2
on the granular layer 6 and exhibiting a high perpendicular magnetic anisotropy,
thereby forming an exchange energy control layer. With this configuration, in
addition to the high-density recording characteristics and the low-noise
characteristics of the granular layer 6, it is possible to add high thermal
fluctuation resistance of the auxiliary recording layer 29. The composition of
the auxiliary recording layer 29 is CoCrPtB.

[0044]

An intermediate product obtained after the formation of the auxiliary
recording layer 29 was heated in a thermostatic bath at a predetermined
temperature for a predetermined time. In this event, the heating temperature is
set to a temperature approximately higher than 100°C and lower than 250°C,
which is lower than that in a general annealing treatment, and is preferably set
to about 150°C to 240°C.

[0045]

Like in the foregoing first embodiment, the medium protective layer 8
and the lubricating layer 9 were formed on the auxiliary recording layer 29.
Through the manufacturing steps described above, the perpendicular magnetic
recording medium was obtained.

[0046]

The magnetostatic properties of the obtained perpendicular magnetic
recording disk were evaluated using a Polar Kerr effect measuring apparatus.

The results thereof are shown in Fig. 6 and Table 1. In Fig. 6 and Table 1,



on the granular layer 6 and exhibiting a high perpendi cul ar nagnetic

ani sotropy, thereby form ng an exchange energy control layer. Wth this
configuration, in addition to the high-density recording characteristics
and the | ow noi se characteristics of the granular layer 6, it is possible to
add high thermal fluctuation resistance of the auxiliary recording |ayer

29. The conposition of the auxiliary recordlng | ayer 29 is CoCrPtB. [0044]
An internediate product obtained after flle formation of the auxiliary
recording layer 29 was heated in a thernostatic bath at a predeterm ned
tenperature for a predetermned tine. In this event, the heating tenperature
is set to aHéarpesatatamtd s Exampleakbprasegiser cddeesubléfiéd &nd hieatiey steban 250C,
which is lower than that in a general annealing treatnment, and is preferably
set to abouwat 2190C Heatzire&imqmm an Eﬁa@plmepr@eﬂtﬁr@gmmgubmted teabodi nent,
the medi um protective nd th | ubricating | ayer mere formed on

tBe auxi |hl ar*}ﬁ“-}t'éggﬁﬂ %52‘?/%%?”@ 0 ani e anhas B rla@?’f) F¥agples descri bed
0046

The magnet oS PRRENSY DEeys FUgegr 10 SALS SaPper bERdIGCER P ReomEle 6%

recordi ng di Flﬁemé& Q(\éﬁljegﬁ}]@:b ﬁl@ ngt)’g&;n aﬁﬁ%ﬁrc ﬁ%EFCt measuri ng apparat us.

The results tThere re’s In Fig. 6 and Table 1,
17 Heat Trg nt 1 as an Exanple represents a case subjected to a heating
Fb

step at 21 t Treatnment 2 as an Exanple represents a case subjected to
a heating step at 240C, and No Heat Treatnent as a Corrparatlve Exanpl e
represents a case subjected to o teating stge. 17 thgg{Tgure and the table,
Oe [Oe] [Ce]

No Heat Treatment 6046 -1484

Heat Treatment 1 6089 -1528

Heat Treatment 2 5143 -2677

[0047]

As is clear from Fig. 6 and Table 1, the slope of a hysteresis loop
becomes steeper by applying the heat treatment, so that the absolute value of a
reversed domain nucleation magnetic field Hn becomes larger. As shown, itis
seen that the value of Hn exhibits the heating temperature dependence and is
slightly improved by raising the heating temperature from No Heat Treatment to
Heat Treatment 1 and is largely improved by further raising the heating
temperature to Heat Treatment 2.

[0048]

As described above, according to this invention, it is possible to easily
enhance the reversed domain nucleation magnetic field Hn and thus to improve
the WATE characteristics without largely changing the existing manufacturing

process (without degrading the mass productivity).

Industrial Applicability
[0049]



is oersteds (representing the intensity of a magnetic field). [Table 1] He
Hh OCe OCe No Heat Treatnent 6046 -1484 Heat Treatnment 1 6089 -1528 Heat
Treatment 2 5143 -2677 [0047] As is clear fromFig. 6 and Table 1, the

sl ope of a hysteresis |oop becones steeper by applying the heat treatnent,
so that the absolute value of a reversed domain nucleation magnetic field
Hn becones larger. As shown, it is seen that the value of Hn exhibits the
heating tenperature dependence and is &Bightly inproved by raising the
heating tenperature fromNo Heat Treatnent to Heat Treatnment 1 and is

| argely inproved by further raising the heating tenperature to Heat
Treatment 2. [ 0048his iAserttsicrandsdusdibayea nastbod of mgnuiactring 4 nvention, it is
possible to easily enhance the reversed domai n nucl eati on magnetic field Hn
and t hus t o pemperslieulat maghiitEecoulingemediust adapted thbamadunteina changi ng t he
exi sting manufacturing process (w thout degrading the mass productivity).

| ndustrial A8EPench®iaq naonetsogoprdre typaitPD AUt ik6n can be used as a net hod
of manufacturing a perpendi cul ar magnetic recordi ng nedi um adapted to be
mounted in a perpendicular magnetic recording type HDD or the |ike. 19



CLAIMS 1. A perpendicul ar magnetic recordi ng nedi um manuf acturing met hod
characterized by conprising a soft nmagnetic |layer formng step of formng a
soft magnetic |ayer over a substrate, a magnetic recording |ayer form ng
step of formng a magnetic recording |ayer having a granular structure as
an upper |layer of said soft magnetic |ayer, a continuous |ayer form ng step
of formng a continuous |ayer having a 8erpendicu|ar magneti c ani sotropy as
an upper layer or a |lower |ayer of said! magneti c recording |layer, and a
heating step of heating a nedium obtained by form ng said continuous |ayer
in said continuous |layer formng step, for inproving a value of a reversed
domai n nucl eati on magnetic field. 2. EBLAdvIBendi cul ar nagnetic recording

medi um manuf acturing method according to claiml1, characterized in that
said heating step is perforned in a tenperature range of 150C to 240C. 3. A
per pendi cul ar magnetic recordi ng nmedi um manyfacturi ng nethod, according to
claim 1, characterl zéupﬁrﬁe@qiiawagmaangm@pp g rfged&"@%m}a%w'w %‘gﬁl%indi cul ar
magnetic rec rdiqgwggﬁéun1nanufacturing met hod according to claim1,

characteri zed'd%° AR NG magnetic |layer is fornmed of an Fe-based

soft magnetic materd ; t | i Co- based
all oy soft magnet %céaﬁ{aq]glg?%fb. Iggéﬁgr@@pgééﬁwgfdaﬁg%ﬁgﬁ n?fé’(,{:lgﬁgri %\ge?rredi um
manuf act uri ngsn@dti@sl according to claim11, characterized in that said
magnetic recording layer is a ferromagnetic |ayer of a granular structure

cont ai ni ng CoCr Pt aamédgretiovecorijmelayer fordigasesof forming a magnetic
recording layer having a granular structure as an upper layer of said soft
magnetic layer,

a continuous layer forming step of forming a continuous layer having a
perpendicular magnetic anisotropy as an upper layer or a lower layer of said
magnetic recording layer, and

a heating step of heating a medium, obtained by forming said
continuous layer in said continuous layer forming step, for improving a vatue of
a reversed domain nucleation magnetic field.

2. A perpendicular magnetic recording medium manufacturing method
according to claim 1, characterized in that said heating step is performed in a
temperature range of 150°C to 240°C.

3. Aperpendicular magnetic recording medium manufacturing method
according to claim 1, characterized in that said substrate is a glass.

4. A perpendicular magnetic recording medium manufacturing method
according to claim 1, characterized in that said soft magnetic layer is formed of
an Fe-based soft magnetic material, a Co-based soft magnetic material, or an
FeCo-based alloy soft magnetic material.

5. A perpendicular magnetic recording medium manufacturing method
according to claim 1, characterized in that said magnetic recording layer is a
ferromagnetic layer of a granular structure containing CoCrPt and a

nonmagnetic substance.



20 6. A perpendicular magnetic recordi ng nmedi um manuf acturi ng net hod
according to claiml1, characterized in that said continuous |layer is forned
by stacking an exchange energy control layer in the formof alternate
| ayers of a Co-based alloy and Pd or Pt and a coupling control |ayer nade
of Pd or Pt and serving to couple said exchange energy control layer to
said magnetic recording layer. 7. A perpendicular magnetic recordi ng nedi um
manuf acturi ng method according to clai#V¥l, characterized in that said
continuous layer is a single layer nade of a magnetic material mainly
contai ning a CoCrPt-based all oy.

6. A perpendicular magnetic recording medium manufacturing method

according to claim 1, characterized in that said continuous layer is formed by
stacking an exchange energy control layer in the form of alternate layers of a
Co-based alloy and Pd or Pt and a coupling control layer made of Pd or Pt and
serving to couple said exchange energy control layer to said magnetic recording
layer.

7. A perpendicular magnetic recording medium manufacturing method
according to claim 1, characterized in that said continuous layer is a single layer

made of a magnetic material mainly containing a CoCrPt-based alloy.



