MANUFACTURING METHOD FOR PERPENDICULAR MAGNETIC
RECORDING MEDIUM BACKGROUND OF THE INVENTION 1. Field of
the Invention The present invention relates to a manufacturing method for
a perpendicular magnetic recording medium for installation in various
pimagnetic, @5@899@&“%@%’8 tHeylalIaac rpcorbING
manufacturing met r obtaining a uality magnetic recording
medium without employing a spw%lf{mer configuration and without the
need for complicated, expensive processing. 2. Description of the Related
Art Longitudinal magnetic recording, in which magnetization information
is recorded and reproduced in a parallel direction to a medium substrate

surface and along ghe travsling, dsection-ofq;{ecerding head, is known as

an example of a magnetic recording method. In Tecent years,

1 .acconanying, demandfgr increased capacity in magnetic recording and
reproduction apparatuses, demands have been made for improvements

in the recording density of magnetic recording media. However, when the
1 recording density is improved, the surface area of the medium occupied

by a sigleyecording;hit/deareasescAs 8J8SMa manufacturing method
for a perpendicular magnetic recording medium for
installation in various types of magnetic disk apparatus, and
more particularly to a manufacturing method for obtaining a
high quality magnetic recording medium without employing a
special layer configuration and without the need for

complicated, expensive processing.

2. Description of the Related Art

Longitudinal magnetic recording, in which
magnetization information is recorded and reproduced in a
parallel direction to a medium substrate surface and along
the traveling direction of a recording head, is known as an

example of a magnetic recording method.

In recent years, accompanying demand for increased
capacity in magnetic recording and reproduction apparatuses,
demands have been made for improvements in the recording

density of magnetic recording media. However, when the



~ a thermal demagnetization phenomenon, whereby the magnetization state
on the magnetic recording layer of the medium becomes thermally
unstable, occurs to a noticeable degree. Hence, perpendicular magnetic
recording, which is a magnetic recording method with which the thermal

r e%%@ggﬁ%‘ééﬂll i Qheri] ml?rppof oiéecé) m E%reagsvg |ny g@g(%!¥é% Qe° rh Q Pedium

een proposed as an alternative o fongitudinal magnetic recording. By

ocEplaving a perpepdicdlar magnefic  recording method. the gecording |
density can be set a approxmately%oo to 200Gb/int. Typically, a

a PRPsRdicularmagnetic recording medivm isa laminated,pody formed by

laminating at least an underlayer formed from a soft magnetic material

maBRd 2imagnelic secordinglayerd %{Qﬁﬁéf@ﬂ& ahatd P&l&lg{betiﬁﬁ'?é&e”ékoﬁ he

a substrate. The magnetic recording layer is used to record information

mebY MeansfRemagnetic fiald generated through use of 8 magnsticheags o
The underlayer serves to concentrate the magnetic field generated from

dethegnagnetic head, or in other words to obtain a head magnetic field
having a sharp gradient in the perpendicular direction, which is required
for perpendicular recording, thereby improving the recording 2 resolution
and increasing the reproduction output.

Hence, perpendicular magnetic recording, which is a
magnetic recording method with which the thermal
demagnetization phenomenon is comparatively unlikely to
occur, has been proposed as an alternative to longitudinal
magnetic recording. By employing a perpendicular magnetic
recording method, the recording density can be set at

approximately 100 to 200Gb/in?.

Typically, a perpendicular magnetic recording medium
is a laminated body formed by laminating at least an
underlayer formed from a soft magnetic material and a magnetic
recording layer formed from a hard magnetic material on a
substrate. The magnetic recording layer is used to record
information by means of a magnetic field generated through
use of a magnetic head. The underlayer serves to concentrate
the magnetic field generated from the magnetic head, or in
other words to obtain a head magnetic field having a sharp
gradient in the perpendicular direction, which is required

for perpendicular recording, thereby improving the recording



In a perpendicular magnetic recording medium having the structure
described above, a domain wall is formed in the underlayer made of the
soft magnetic material, and as a result of this domain wall, spike noise
occurs. The specific mechanisms for the generation of spike noise are as

refllows; sincedhe undedayerformed opdhe substrate s ;age, of a soft

magnetic material, the anisotropy thereof is small. Hence, a closure
domain is generated in order to reduce the magnetostatic energy on the
inner and outer peripheral end portions of the underlayer. When the

closutg,domainisnagnerated the domainwall, Whigh aRREAI® 8% ing the
boundary between regions having aligned magnetization directions, teg{(es

s tayBloghdowe.dp which; spingotates injaRerpendiqular directionetp the film.
thickness surface, in an underlayer having an adequate film thickness for

unBEactigalapplicatian: Asa Jesultyperpendicuandirection peles-appeas at +
the upper and lower ends of the domain wall on the basis of the rotational

o thehavioreidhe spin BLperpgndisulas diyection:leakager mageste field-
generated at the poles acts on the reproducing head, and thus, spike
meRISA DERHIE dhanefolge Hreducemaise ip aiperpendisularanagnelic 1 ows .

recording medium, the formation of a domain wall on the inner 3 and
outer peripheral end portions of the underlayer must be
Since the underlayer formed on the substrate is made

of a soft magnetic material, the anisotropy thereof is small.
Hence, a closure domain is generated in order to reduce the
magnetostatic energy on the inner and outer peripheral end
portions of the underlayer. When the closure domain is
generated, the domainwall, which appears as a boundary between
regions having aligned magnetization directions, takes a
Bloch form, in which spin rotates in a perpendicular direction
to the film thickness surface, in an underlayer having an
adequate film thickness for practical application. As a
result, perpendicular direction poles appear at the upper and
lower ends of the domain wall on the basis of the rotational
behavior of the spin, a perpendicular direction leakage

magnetic field generated at the poles acts on the reproducing

head, and thus, spike noise occurs.

Therefore, to reduce noise in a perpendicular magnetic

recording medium, the formation of a domain wall on the inner



suppressed. The following techniques have been disclosed as methods
for controlling the formation of a domain wall in an underlayer formed
from a soft magnetic material. Japanese Unexamined Patent Application
Publication H1-128226 discloses a perpendicular magnetic recording

andneghita in ydhiichha seftimageeticlayerand ashaikmagaetia dayer amat be
ground are formed on a base, and the soft magnetic layer takes a

supiielayerfiimformn compsisingytwe OF Qi claVeiscJRANESE sclosed as
Unexamined Patent Application Publication H7-85442 discloses a

meperpapdicitar-magnetia iecording medivi icampriskgiangnrmagnetic n an
substrate, and a soft magnetic underlayer and a perpendicular

undlagnetjzationaerneding layen provideddhereoncinahish tha soft
magnetic underlayer is formed using a CoB film, this film being separated
into at least two layers by a non-magnetic film. In the techniques
disclosed in Japanese Unexamined Patent Application Publication
HI-128226: and daparese: Urekabzned Patent Application Publidationi on
H7-85442, when forming the underlayer on the disk-shaped substrate,
H1the2 aadérlagierds streietured secip drad acndremagnetie trietatdayerds ng
sandwiched between a plurality of soft magnetic films, 4 and the
memagnetizatiomldirebtiens of thersoftmagnetia@fikns and a hard magnetic
layer as a ground are formed on a base, and the soft magnetic
layer takes a multi-layer film form comprising two or more

layers.

Japanese Unexamined Patent Application Publication
H7-85442 discloses a perpendicular magnetic recording medium
comprising a non-magnetic substrate, and a soft magnetic
underlayer and a perpendicular magnetization recording layer
provided thereon, in which the soft magnetic underlayer is
formed using a CoB film, this film being separated into at

least two layers by a non-magnetic film.

In the techniques disclosed in Japanese Unexamined
Patent Application Publication H1-128226 and Japanese
Unexamined Patent Application Publication H7-85442, when
forming the underlayer on the disk-shaped substrate, the
underlayer is structured such that a non-magnetic metal layer

is sandwiched between a plurality of soft magnetic films,



forming the main part of the underlayer are coupled antiferromagnetically
So as to be oriented 180 from each other. Further, during sputtering, the
magnetic field of a rotated magnetron is used. As a result, the
magnetization directions are aligned in the radial direction of the

anSUbsteaten apd dhe genewmtion ofa domain yalkthat causes -spike: Neiseiisns
suppressed. Note that when the underlayer has a sandwich structure in

fowhiCha Rer-magnetismetablayenis sangwichgebetwesncyppercand
lower soft magnetic films, an exchange coupling magnetic field that may

ani?§ eansideredan index of the coupling faree gt thewosafbmagnelic cach
films is generated therebetween. The exchange coupling magnetic field

ot@iignuatpg steadily ag thefiimdthickness phthe- pensmagneticomeiallayes 4

increases, while the film thickness of the non-magnetic metal layer at

roWhichdhe antiterramagnetics eoupling;force of therexchangg LoHRiNG 4 t 1 on
magnetic field reaches a maximum depends on the electronic structure

dianrd cryalling Qrientatign of the.employed ionrmagpetia mstalolayen e
Hence, by modifying the design of these elements appropriately, the

suddhange cospling magnetie figld ean be ncrpasedyenahlingfygthetauses
suppression of spike noise and improvement in the quality of the

spRENGNS FRcording pRHIuRIS &4 .

Note that when the underlayer has a sandwich structure
in which a non-magnetic metal layer is sandwiched between
upper and lower soft magnetic films, an exchange coupling
magnetic field that may be considered an index of the coupling
force of the two soft magnetic films is generated
therebetween. The exchange coupling magnetic field
attenuates steadily as the film thickness of the non-magnetic
metal layer increases, while the film thickness of the
non-magnetic metal layer at which the antiferromagnetic
coupling force of the exchange coupling magnetic field
reaches a maximum depends on the electronic structure and
crystalline orientation of the employed non-magnetic metal
layer. Hence, by modifying the design of these elements
appropriately, the exchange coupling magnetic field can be
increased, enabling further suppression of spike noise and

improvement in the quality of the magnetic recording medium.



In recent years, to further improve the quality of a perpendicular magnetic
recording medium having this type of sandwich structure underlayer,
strong demands have been made for improvements in the signal-to-noise
ratio (to be abbreviated to "SNR" hereafter) through the suppression of
spike nwise-genaraigshindhe seftmagneic underlayer, theseuality of a
improvements being vital for increased density. As specific means for
pesyRPIassing spikeaneise geneeated dinrtherseftimagnatia uadenayer: opi of
other words means for improving the SNR, it is effective to increase the
s aarisaitopict magnetie field &olbereferredto simptanas d3kh hereafter)y made
which is a parameter for evaluating the characteristics of the underlayer.
fothe rkris deterntiged by the: satugation- teagnetizatiam (vs) arne thesfilm
thickness of the soft magnetic films, the coupling force between the soft
abimagretc fking, owhigHHS deperdénteon thehfitmuidickness sfitheression of
non-magnetic metal layer, and so on, and also depends on the formation
spproeess B thenayerteohfigurationsdlie $NRBris @iso wependentan spikese
noise, which is suppressed by increasing the Hk, i.e. increasing the
imgxchasgercosipheg ntagnetie fielth A methoehefasing aatifeyromagnetic
thin films as the soft magnetic films serving as the upper and lower layers
of the underlayer and using exchange coupling to pin the magnetizations

thereof is known as a method of increasing the
As specific means for suppressing spike noise generated

in the soft magnetic underlayer, or in other words means for
improving the SNR, it is effective to increase the anisotropic
magnetic field (to be referred to simple as “Hk” hereafter),
which is a parameter for evaluating the characteristics of
the underlayer. The Hk is determined by the saturation
magnetization (Ms) and the film thickness of the soft magnetic
films, the coupling force between the soft magnetic films,
which is dependent on the film thickness of the non-magnetic
metal layer, and so on, and also depends on the formation
process and the layer configuration. The SNR is also
dependent on spike noise, which is suppressed by increasing

the Hk, i.e. increasing the exchange coupling magnetic field.

A method of using antiferromagnetic thin films as the
soft magnetic films serving as the upper and lower layers of
the underlayer and using exchange coupling to pin the

magnetizations thereof is known as a method of increasing the



6 Hk by focusing on the layer configuration. However, to obtain a
sufficiently large Hk, heat treatment must be implemented for several
minutes to several hours following deposition of the underlayer. A method
of obtaining the underlayer by laminating together numerous soft

Hkrbgghetic: layess and ranfifepromagnéticlayetsiistknowivas aaotherno obtain
method of increasing the Hk by focusing on the layer configuration.

a blotveiver avhidnyapluradityHef, lazerstistformedemthismm@annes, anplemented
complicated and expensive manufacturing method must be employed,

f caind ¢hvis posesiaprobiemnansteras of productivity]l SUMMARYE @S THEON of
INVENTION An object of the present invention is to solve the problems

theesoribed labove by providihgd manufacaringoethiod fordemagmetic by
recording medium with which the signal-to-noise ratio (SNR) of the

1 amagastie fecording meadinimerisroved bynageasing the anisotrapid
magnetic field (HK) of an underlayer, or in other words increasing the

angchangemegustingimagiéticsiigld, thersbly suppressing spiketioise of
generated in the soft magnetic underlayer, without employing a special

injgyepednfigurforiEndwithegtipeiecehfok omplicated: @xpéagivat ion.
processing. The present invention relates to a manufacturing method for

Hoy aigjnetit i@t ordmbihediliny compasiAg thé stépgmed in this manner,

a complicated and expensive manufacturing method must be
employed, and this poses a problem in terms of productivity.

SUMMARY OF THE INVENTION

An object of the present invention is to solve the
problems described above by providing a manufacturing method
for a magnetic recording medium with which the
signal-to-noise ratio (SNR) of the magnetic recording medium
is improved by increasing the anisotropic magnetic field (Hk)
of an underlayer, or in other words increasing the exchange
coupling magnetic field, thereby suppressing spike noise
generated in the soft magnetic underlayer, without employing
a special layer configuration and without the need for

complicated, expensive processing.

The present invention relates to a manufacturing
method for a magnetic recording medium comprising the steps

of forming a soft magnetic underlayer by laminating a soft



of forming a soft magnetic underlayer by laminating a soft 7 magnetic
lower underlayer, a non-magnetic metal layer, and a soft magnetic upper
underlayer in succession on a non-magnetic substrate, and forming a
perpendicular magnetic recording layer on the soft magnetic underlayer,

mawhereir, afeeformig:ieanen-magnetio metghlayer asurtacelthgeeof isnd
exposed to a gas containing between 2 and 100at% oxygen. In the

a mantfaatagng tiethag ferra magnetie yecordingsnedisns Beaokskingto the
present invention, the anisotropic magnetic field (HK) of the soft magnetic

nounrdertayet isimptovedavithoun enfploying @ specigh dayei cohfiguratipne t ic
and without the need for complicated and expensive processing, and as a

rergsuitinke SNRof thenmagnetio fecordipgahédiummisampagved, Iwtigein,
manufacturing method, the film thickness of the soft magnetic lower

a fuedefayeriis preferabbynbewgeentiC anetB00dmy the, films thidknes s bftheo £
non-magnetic metal layer is preferably between 0.1 and Snm, and the

1 sfilexticlar ssofahg softomagaetic. uppet trnderayeris préfedaltly betwgen .
10 and 500nm. Further, in this manufacturing method, the non-magnetic

Inndtal lapanis préferally fomned flor anelamentsélectesifeodiCa, Rer ium
Rh, Pd, and Re, or an alloy containing these elements, or a material

ackaVing tede clémeptsscan alloyendreonast Benamiconsttueht Faghetic

the manufacturing method may
field (Hk) of the soft magnetic underlayer is improved without

employing a special layer configuration and without the need
for complicated and expensive processing, and as a result,
the SNR of the magnetic recording medium is improved. In this
manufacturing method, the film thickness of the soft magnetic
lower underlayer is preferably between 10 and 500nm, the film
thickness of the non-magnetic metal layer is preferably
between 0.1 and 5nm, and the filmthickness of the soft magnetic
upper underlayer 1is preferably between 10 and 500nm.
Further, in this manufacturing method, the non-magnetic
metal layer is preferably formed from an element selected from
Cu, Ru, Rh, Pd, and Re, or an alloy containing these elements,
or a material having these elements or an alloy thereof as
a main constituent. Further, the manufacturing method may
further comprise a step of forming a non-magnetic
intermediate layer on the soft magnetic underlayer, and/or
a step of forming a protective layer on the perpendicular

magnetic recording layer.



further comprise a step of forming a non-magnetic intermediate layer on
the soft magnetic underlayer, and/or a step of forming a protective layer
on the perpendicular magnetic recording layer. 8 The manufacturing
method for a magnetic recording medium according to the present
inventige employs asaneivieh rsdrtietie 1 whichdthermon:magaetc metal
layer is sandwiched between soft magnetic films, and therefore the

me formationefra demain wak in thesundedayesrin relationgo aylarge sextamiad h
magnetic field can be suppressed, whereby spike noise can be

st sufepressednSpike-notsessuppressignanddmprovemente in ike SNRwashed
be realized without employing a special layer configuration and without

bethecneed tof comyplicateidcand 1expensive processinge Atterdinglyawith the f
present invention, a magnetic recording medium having a far higher

a quatity thanthagse of the tedateddst-carybe obtained by sosimpleaantarge
inexpensive method. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1

e xisearsedtionanadw showihg amexamplepira sperpendicutaibmagnietie noise
recording medium obtained by a manufacturing method of the present

caimveationplige 2 ¢sd secliohakviewistowngir sequenceedchmprocesmeh t
the manufacturing method for a magnetic recording

in the SNR can be realized without employing a special layer

configurationrand without the need for complicated and
expensive processing. Accordingly, with the present
invention, a magnetic recording medium having a far higher
quality than those of the related art can be obtained by a
simple and inexpensive method.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view showing an example of a
perpendicular magnetic recording medium obtained by a
manufacturing method of the present invention;

Fig. 2 1is a sectional view showing in sequence each
process of the manufacturing method for a magnetic recording
medium according to the present invention;

Fig. 3 is a graph showing results obtained when a
hysteresis 1loop of a laminated body according to a first
example in a hard magnetization axis direction (radial
direction) thereof was measured using a vibration sample

magnetometer (VSM); and



medium according to the present invention; Fig. 3 is a graph showing
results obtained when a hysteresis loop of a laminated body according to
a first example in a hard magnetization axis direction (radial direction)
thereof was measured using a vibration sample magnetometer (VSM);
and 9Hig. 4 is a graphy shewingresults;obtained-whep 8, hystaresis19op
of a laminated body according to a first comparative example in the hard
hyeeghetizajionods directian lracial slirestion) thereof avasgmeasured;iusing
a vibration sample magnetometer (VSM). DESCRIPTION OF THE
coRBEFERREDR:-EMBABIMENT Am embaginest obtheipresent nventiea withn
be described in detail below with reference to the drawings. Magnetic
(reetording megditimdrig. Lisasectionad vieys shewihguan examplei®fidat ion
perpendicular magnetic recording medium obtained by the manufacturing
s amethodnaithe tpseserttnvertion. A perpendicular magnetic recording
medium 10 shown in the drawing is a laminated body formed by
laminatingzESofR ThagaeticoindaibyeR LEER RDD-rBE@GIEIDIANTMediate
layer 16, a perpendicular magnetic recording layer 18, a protective layer
20, and a liquid lubrication layer 22 in

An embodiment of the present invention will be
described in detail below with reference to the drawings.

Magnetic recording medium

Fig. 1 is a sectional view showing an example of a
perpendicular magnetic recording medium obtained by the
manufacturing method of the present invention. A
perpendicular magnetic recording medium 10 shown in the
drawing is a laminated body formed by laminating a soft
magnetic underlayer 14, a non-magnetic intermediate layer
16, a perpendicular magnetic recording layer 18, a
protective layer 20, and a liquid lubrication layer 22 in

succession on a non-magnetic substrate 12.

The non-magnetic substrate 12 may employ various types
of glass substrate such as a reinforced glass substrate or
a crystallized glass substrate, a metal substrate such as an
NiP-plated aluminum substrate, a silicon substrate, a plastic
substrate, and soon. Note that the thickness of the substrate

12 is preferably set between 0.1 and 2mm to prevent the moment

10



succession on a non-magnetic substrate 12. The non-magnetic substrate
12 may employ various types of glass substrate such as a reinforced
glass substrate or a crystallized glass substrate, a metal substrate such
as an NiP-plated aluminum substrate, a silicon substrate, a plastic

o f stibstrale sarnd- 50 0pe Notg that she thickness of 1he gubstrate e1Zscuring
preferably set between 0.1 and 2mm to prevent the moment 10 of inertia
sufremcheeominggexeessively large while securing sufficient rigidity. The
soft magnetic underlayer 14 includes a soft magnetic lower underlayer
14a, a non-magnetic metal layer 14b, and a soft magnetic upper
underlayer 14c that are formed in succession. The soft magnetic lower

undetlayes d4a andsthe: softimagnetiy appes unddrayes e sfaydegnetic
formed using a crystalline NiFe alloy, a sendust (FeSiAl) alloy, or a

1ownen-carystattihe Coralldy sueh msrCaziibe Meamwhite] the yon-inAgnetiad a
metal layer 14b is preferably formed from an element selected from Cu,
soRu, Ry Pd;tand Reperanalieyr taptainihg thedeaélementd, arreemiaterial
having these elements or an alloy thereof as a main constituent. A
suparcslarty favBleble ekchange esaplingomagnetid fielchig eabtaiedwhenhe
Ru is used, and therefore Ru is preferable. When the non-magnetic metal
so@@@m@@b@iégn@p@ﬁédunderlayer 14c may be formed using a
crystalline NiFe alloy, a sendust (FeSiAl) alloy, or a
non-crystalline Co alloy such as CoZrNb. Meanwhile, the
non-magnetic metal layer 14b is preferably formed from an
element selected from Cu, Ru, Rh, Pd, and Re, or an alloy
containing these elements, or a material having these
elements or an alloy thereof as a main constituent. A

particularly favorable exchange coupling magnetic field is

obtained when Ru is used, and therefore Ru is preferable.

When the non-magnetic metal layer 14b is sandwiched
between the soft magnetic lower underlayer 1l4a and soft
magnetic upper underlayer 1l4c in this manner, the easy
magnetization axes of the soft magnetic lower underlayer 1l4a
and soft magnetic upper underlayer 1l4c can be oriented

parallel to the surface of the non-magnetic substrate 12 and
180° from each other. According to this orientation

condition, the magnetizations of the two layers 14a, li4c

sandwiching the non-magnetic metal layer 14b are oppositely

11



between the soft magnetic lower underlayer 14a and soft magnetic upper
underlayer 14c in this manner, the easy magnetization axes of the soft
magnetic lower underlayer 14a and soft magnetic upper underlayer 14c
can be oriented parallel to the surface of the non-magnetic substrate 12
and 180 from each other. According to this orientation _condition, the

OT hiighBttzafidits 67 tht tvbialed aal $a¢ SarfdiEnifig thé Ron hisdietier e
metal, Iaxer 14b are oppositely 11 oriented and antiferromagnetically

EofBILEI A tharciord R BEIRAHOT b P8 ragRaRtions HbeaTidt hen

var¥ ern when external ma netliatjiofg e%u%l to or Iovyjer th%lp1 the

eXESipling SRaRGth tREreoT s Sppitd. Hencs, Audtait Wi it coupting

enerated throu ut the entire spft netic layer 14, and spike noise
Stggﬁgrgﬁo%%gﬁ%qé}gulp%r&)%g& e S}g erred fil?yn ?cr;rt?nle%s“ﬁ eacﬁ?ayne?t

14a tq 14c, of the soft magnetic underlayer 14 is as follows. An optimum
o e i RABeer 5 SO Tkcatc s ey ar 14

th}g soft magn tic upp r.underla ef 14¢ variessaccgrding to the structure
“Pand cﬁgrla%tergs%gs o?%leo?egdar’é(ingehesauo? %ﬁ?asﬁ%nge of 10 to 500nm is
preferable in terms of improving productivity. The film thickness of the

non-magnetic metal layer 14b must be selected appropriately such that
the'“?ﬁQeB¥§%£§red film thickness of each layer 1l4a to l4c

of the soft magnetic underlayer 14 is as follows. An optimum
value for the film thickness of the soft magnetic lower

underlayer 1l4a and the soft magnetic upper underlayer 1ldc
varies according to the structure and characteristics of the
recording head, but a range of 10 to 500nm is preferable in

terms of improving productivity.

The film thickness of the non-magnetic metal layer 14b
must be selected appropriately such that the magnetizations
of the soft magnetic lower underlayer 1l4a and soft magnetic
upper underlayer 14c are parallel to the surface of the
non-magnetic substrate 12, oriented in 180° opposing
directions, and coupled with a high degree of strength. In
consideration of these points, the film thickness of the
non-magnetic metal layer 14b is preferably set between 0.1

and Snm for the following reasons.

As the film thickness of the non-magnetic metal layer

12



of the soft magnetic lower underlayer 14a and soft magnetic upper
underlayer 14c are parallel to the surface of the non-magnetic substrate
12, oriented in 180 opposing directions, and coupled with a high degree
of strength. In consideration of these points, the film thickness of the

1 4%?6@ %??%%@s"ge}%'d%efﬂf? FoRr%fﬁ(f}%b y %%Lﬁﬁ%%”&% A0 fer o

lowing reasons. As the film thickness of the non-magnetic'metal

malg¥eh 2140 lncteases gradually.rm, Q. &,coup) WQE"’QS@%’@?&?S}% a

magnetization axes of the soft magnetic [ower underlayer 14a and Soft

anf@agpetic HQ_B%L&’RGrl?éffzégﬁg@%g%g}@toﬂﬁ‘@ sydace obthe. 1 +o the

non-magnetic substrate ted'in the same direction

sufersemagpetic coupling)and 2 coupling wheareby Hthe,easy magnetizationy,

axes are parallel to the surface of the non-magnetic substrate 12 and

s affientedin 80 0pposingrdiraetions (antiferamagnetis coLpIing) SRRRA ey
alternately. For example, when Ru is used as the nhon-magnetic metal

t Hayen 49b.ihe seft magnetic lgwer upderlayer JAaand soft maghetie ace of
upper underlayer 14c are coupled ferromagnetically in an Ru film

« HOIGkess ranaa oHOnM, - approximately,0.3pm, antiferfomagpetically, ;3

range of approximately 0.3nm to approximately 1.2nm, ferromagnetically

q1PEANGE LT ARPIaXIPAtsiy, 1,20m 1o approximately 1. 80m. 20de rnately.
For example, when Ru is used as the non-magnetic metal layer
14b, the soft magnetic lower underlayer 1l4a and soft magnetic
upper underlayer l4c are coupled ferromagnetically in an Ru
film thickness range of Onm to approximately O.3nm,
antiferromagnetically in a range of approximately 0.3nm to
approximately 1.2nm, ferromagnetically in a range of
approximately 1l.2nm to approximately 1.8nm, and
antiferromagnetically in a range of approximately 1.8nm to
approximately 3.0nm. Thus, as the film thickness of the
non-magnetic metal layer 1l4b increases, ferromagnetic
coupling and antiferromagnetic coupling occur cyclically, and
therefore, by selecting an appropriate film thickness, the
soft magnetic lower underlayer l4a and soft magnetic upper
underlayer l4c can be coupled antiferromagnetically.
However, the coupling strength thereof decreases as the film
thickness of the non-magnetic metal layer 14b increases. As
the coupling strength increases, external magnetic field

resistance increases, and therefore the film thickness must

13



antiferromagnetically in a range of approximately 1.8nm to approximately
3.0nm. Thus, as the film thickness of the non-magnetic metal layer 14b
increases, ferromagnetic coupling and antiferromagnetic coupling occur
cyclically, and therefore, by selecting an appropriate film thickness, the

be $ULD %%a'i’f’%és“{a%?@%ef J43,and %Ofkﬁaﬁﬁg%cﬁé’%i %;_'%dSQ%%%al
14c can be coupled antiferromagnetically. However, the coupling strength

maQIEQLAECIEAsES S e filp, thickpess ol he PQ’Ei’BﬁQB?tE[Ch”e‘SQH%X%Eﬁ,

4b increases. As the coupling strength increases, external magnetic

th E%EIHB%QC? inereases, and-herefore,the film.iickness-must %ér?—en@ ade asc

small as possible to obtain a high level of external magnetic field

nefESIStaACE. In cogsideration-af these, points, ; thesyipper limit value of the

film thickness of the non-magnetic metal layer 14b is preferably set at
Snm. Meanwhile, the appropriate film thickness of the non-magnetic
metal layer 14b is dependent on the material used for the non-magnetic

metajjayarkAh.ut in erdgsie ectire sufficignt resistapee Lo 8 floating
magnetic field in a hard disk drive, the film thickness must be set to at

noleash K cln gersiderationof thigpaist, dhe lowerimit valuee ohhefiim 1
thickness of the non-magnetic metal layer lob is preferably set at O.Inm.
used for the non-magnetic metal layer 14b, but in order to
secure sufficient resistance to a floating magnetic field in
a hard disk drive, the f£ilm thickness must be set to at least
O.1lnm. In consideration of this point, the lower limit value

of the film thickness of the non-magnetic metal layer 14b is

preferably set at O0.1lnm.

The non-magnetic intermediate layer 16 serves to
control the crystalline orientation and grain size of the
magnetic recording layer 18, to be described below, to
favorable levels. For this purpose, it is vitally important
to select an element and film thickness for the non-magnetic
intermediate layer 16 that are suited to the element group
and crystal structure of the perpendicular magnetic recording
layer 18. For example, when the magnetic recording layer 18
is a hexagonal CoCr-based layer, the recording layer is grown
epitaxially from the intermediate layer, and therefore a
metal having an identical hexagonal system, such as Ru, Re,

and Os, or an alloy thereof, is preferably used. Note that
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The non-magnetic intermediate layer 16 serves to control the crystalline
orientation and grain size of the magnetic recording layer 18, to be
described below, to favorable levels. For this purpose, it is vitally
important to select an element and film thickness for the non-magnetic

thiQt%rH‘iecdsi?PS%%y%rflﬁcW té’i]‘é%%ée%dn@tt{‘g ¢ @SQ{n%@HQtégnﬁgg)ieS}a'le is

structure of the perpendicular magnetic recording layer 18. For example,

pr%?%@é'%eld?"a@é@“ﬁé‘%%?égiﬁ‘géa%%rdl%ydﬁ% hl‘fﬁa%ﬂé'i%%%??%%d 8yl e

e recording Iayer IS grown epitaxia om the intermediate layer, and

< 1therefore.a /metal having,an idenftical hexagonal system, such as Ru, Re,

and Os, or an alloy thereof, is preferably used. Note that 14 the thickness

e thE NAN-magpetic infersmadiate layer 16 is. prafergbly set between 5 and

50nm in consideration of the electromagnetic conversion characteristics,
in particular the balance between SNR and metal elution. There are no
particular limits on the perpendicular magnetic recording layer 18 as long

as it igadily RPssensing aPagnetic anisotiopy ina perpRendicylar direction
to the non-magnetic substrate 12. However, a CoPt-based alloy is

ma@ﬁ%@f ably-used-dhhejaddijion QT8C<E,SN1’OT1Q} é@d_is@ P8 .EQ ﬂlel&g%%@lgys@ng
particularly preferable for reducing medium noise, or in other words
nalgnrevingihe SNRopy in a perpendicular direction to the
non-magnetic substrate 12. However, a CoPt-based alloy is
preferably used. The addition of Cr, Ni, Ta, and so on to the

CoPt alloy is particularly preferable for reducing medium

noise, or in other words improving the SNR.

Note that when a Co alloy-based material having a
hexagonal close-packed structure is used as the perpendicular
magnetic recording layer 18, the easy axis of magnetization
is the C axis, and therefore the C axis of the structure must
be oriented in a perpendicular direction to the layer surface.
Further, the thickness of the perpendicular magnetic
recording layer 18 is preferably set between 2 and 30nm in
consideration of the electromagnetic conversion
characteristics, 1in particular the balance between SNR and

the overwrite characteristic.

The protective layer 20 serves to prevent damage to the

perpendicular magnetic recording layer 18 during
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Note that when a Co alloy-based material having a hexagonal
close-packed structure is used as the perpendicular magnetic recording
layer 18, the easy axis of magnetization is the C axis, and therefore the C
axis of the structure must be oriented in a perpendicular direction to the

relYShSUTAcs, Burthel. the thickness ofthe parnepdigular Magnelic g ang

recording layer 18 is preferably set between 2 and 30nm in con3|derat|on

reEE@&Fé%‘itH%mﬂ%@'%‘%Rﬁv%s'Bﬁ chatacleristics, iInpadiculanihey py a

alance between SNR and the overwrite characteristic. The protective

priayer 20 serves topieyenhdamage 4o thes perpendicuish magpetict, ror
recording layer 18 during 15 reproduction of the recording medium by the

exkegotding and,repredycton head aad s0.Qnraneg gay beconstitwed Hy, ake

protective film having carbon as a main constituent, for example. From

Cca@mong stichprotestive fils, @G (Riamend Like sarham &lm farmed 1 s
by CVD (Chemical Vapor Deposition) is preferable in terms of head

prictatian and envirermentd resistance, Note dhatamhenstheiprotestive a1
layer 20 and/or the liquid lubricant 22 are used, the laminated body is
repreferablye partially compressed following the formation or application
thereof to improve head flotation.
Note that when the protective layer 20 and/or the liquid
lubricant 22 are used, the laminated body is preferably

partially compressed following the formation or application

thereof to improve head flotation.

In the perpendicular magnetic recording medium
obtained by the manufacturing method of the present
invention, including the constitutional elements described
above, the signal-to-noise ratio (SNR) of the magnetic
recording medium is improved by increasing the anisotropic
magnetic field (Hk) of the soft magnetic underlayer, or in
other words the exchange coupling magnetic field, without
employing a special layer configuration and without the need
for complicated and expensive processing, as 1s described in
the following manufacturing method section. Hence, the
recording medium shown in Fig. 1 is of far higher quality than

those of the related art.
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In the perpendicular magnetic recording medium obtained by the
manufacturing method of the present invention, including the
constitutional elements described above, the signal-to-noise ratio (SNR)
of the magnetic recording medium is improved by increasing the

anisoffopics Magnetis JelpL k) of fg soft elic UndSHAYE, Oy 1 um

other words the exchange coupling magnetic field, without employing a

specigl; lgyer.configuration and withoyt the need, for.complicated and cach

expensive processing, as is described in the following manufacturing

prg_@é@%d é%cfg‘ﬁ% H§H8%a@€u&eﬁ%dm8tfﬂ%@liuf%§hQ%i£h'éi8i% i%é’é!ﬁrding
higher quality than those of the related art. 16 Manufacturing method for

neMagRetic reeaiding nediume Rig-oZisrasectipoat visw, showing in
sequence each process of the manufacturing method for a magnetic

recording t mediina aceorging to thepreseytrinvention, Sofidaagnetic

underlayer formation process In the manufacturing method of the present

inventign: @& Showrindrigs.i24 tedCnx firstdhesell magretic undedayer on,
14 is formed on the non-magnetic substrate 12. To form the soft magnetic

asUsderlayenldi the, soft magneficelower wlertayer Iy MOniMagnetie layer
metal layer 14b, and soft magnetic upper underlayer 14c are formed in
l4seguenceddd on the non-magnetic substrate 12. To form the
soft magnetic underlayer 14, the soft magnetic lower
underlayer 1l4a, non-magnetic metal layer 1l4b, and soft

magnetic upper underlayer l4c are formed in sequence in

accordance with the drawings.

First, the soft magnetic lower underlayer l4a is
laminated onto the non-magnetic substrate 12. The lamination
process may employ various deposition methods such as DC
magnetron sputtering, RF magnetron sputtering, and vacuum
deposition, for example. 1In consideration of evenness and
deposition speed, magnetron sputtering is particularly
preferable. When magnetron sputtering is used, direct
current discharge is preferable as the sputtering condition
due to its controllability, and the sputtering pressure 1is
preferably set low to increase the film density. By setting
the sputtering pressure at no more than bmTorr, for example,
deterioration of the environmental resistance (Co corrosion)

due to Co precipitation on the medium surface can be
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accordance with the drawings. First, the soft magnetic lower underlayer
1l4ais laminated onto the non-magnetic substrate 12. The lamination
process may employ various deposition methods such as DC magnetron
sputtering, RF magnetron sputtering, and vacuum deposition, for

suEXITR eJﬂ cons_ideration of evenness and deposition speed_, magnetron
Sputtering Is particularly preferable. When magnetron sputtering is used,
direct current discharge is preferable as the sputtering condition due to
its controllability, and the sputtering pressure is preferably set low to

incregse.the fil;n degsity : Byeseiting pthe SRUIBHNG RIGRSHIR-3h B0 MO, y e

than 5mTorr, for example, deterioration of the environmental resistance

14{£9 corggian +due 19, Cojprecipration andhe mediyaysuracs ¢an e 147, 5

suppressed. Next, as shown in Fig. 2B, the non-magnetic metal layer 14b

This laminatediomthe-seft magnetic lowerunderaygs 14as Jdhe:lagination o 4 s

process may employ various deposition methods such as DC magnetron

suSPUHEING R MAagnRst asLshutterings ande acyHa depositionfor ing, and

example. In consideration of evenness and deposition speed, magnetron
vaSRuteHBg éspartiswlarko preferaplee When magnetien sputiering iswsetle s s

direct current discharge is preferable as the sputtering condition
and deposition speed, magnetron sputtering is particularly
preferable. When magnetron sputtering is used, direct
current discharge is preferable as the sputtering condition

due to its controllability, and the sputtering pressure is

preferably set high to reduce the film density.

Further, the surface of the non-magnetic metal layer
14b laminated in this manner is exposed to a gas containing
oxygen. There are no particular limitations on the size and
volume of the deposition chamber in which this exposure
process is performed, and a deposition chamber belonging to
a sputtering apparatus, a dedicated processing chamber
capable of providing a vacuum state for the sole purpose of
exposure to cxygen gas, and so on, for example, may be used.
A mass flow controller belonging to a sputtering apparatus
is preferable since the gas flow can be controlled

accurately.

To maximize improvement in the anisotropic magnetic
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due to its controllability, and the sputtering pressure is preferably set high
to reduce the film density. Further, the surface of the non-magnetic metal
layer 14b laminated in this manner is exposed to a gas containing
oxygen. There are no particular limitations on the size and volume of the

£ 148RES(TiN chamber inyyhich 1BisLxPosyre Jecessisiperferped.and.day,

deposition chamber belongingto a sputtering apparatus, a dedicated

th@%%'&%5@%@%6@%@%@%@&@E@ﬁ&m&ﬁ%@@réh%@%pper

purpose of exposure to oxygen gas, and so on, for example, may be

sused: AdJnass dlov, gantralles belengingle A1sPutleringaanRaratus 19, 14a,

preferable since the gas flow can be controlled accurately. To maximize

14PRRYement irrthe anisotropisimagnetie, L& figld (Hk) ghtheispfemagnetic g
underlayer 14 in particular, the gas exposure process must be performed

a every dnthedppasssurfaca abthe laminates body comprising the lBysrs ed
12, 14a, 14b shown in Fig. 2B. For this purpose, a gas inlet having a

i rplsrdity of gasejeddiondiolas salhat ihe gasiiseiectad inghowesfermnern e
an annular gas inlet having an open hole portion which is capable of
poaavesingythecgntire uppernsusfage cofitbe laminatedebady; foupyamnpeisace

preferably used. Alternatively, the oxygen gas may simply be introduced
ofintthe laminated body, for example, is preferably used.
Alternatively, the oxygen gas may simply be introduced into
the deposition chamber through a gas pipe having a single

inlet such that the gas is ejected onto the upper surface of

the laminated body.

The substrate temperature during the exposure process
is not particularly limited and does not influence the effects
of the present invention as long as it is within a range
extending from the temperature of the room in which the
laminated body is created to approximately 300°C. The
oxygen-containing gas used in the exposure process must have
a high 1level of purity and be as free of impurities and
moisture as possible so that a high quality recording medium
can be created. In consideration of these points, the
impurity concentration of the gas is preferably no more than

10ppb, and the moisture concentration is preferably no more

than 100ppb.
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the deposition chamber through a gas pipe having a single inlet such that
the gas is ejected onto the upper surface of the laminated body. The
substrate temperature during the exposure process is not particularly
limited and does not influence the effects of the present invention as long

as it igythinirange, extepding remythe temperaiyre ALISTOgMHINL g gas
which the laminated body is created to approximately 300C. The

isoﬁé&efb‘i%éi,ni%%ﬁﬁ%@%@%@@@%?&?ﬁ%%&%} h?(\f& adighooe
level of purity and be as free of impurities and moisture as possible so

inthata Righ quality regerding g@@%@i@@@%&&aﬂ@d FHLCoRSIdBEatioNFok e
these points, the impurity concentration of the gas is preferably no more

sothanidprl, iand theymeistyreconcerttationds prafesaliv normeredhan son
100ppb. 19 When this exposure process to an oxygen-containing gas is

wik@rfogmeds an impiovenent efrappseximaiely 200e3000e £ irthevalug ef
the anisotropic magnetic field (Hk) of the soft magnetic underlayer 14 can

mole achigyethin eRMpadseh Wikl apase iniwhicb thepracess iBdeichieved
performed, and moreover, an improvement of approximately 2dB can be
inaceitieved lindhe valurof $He;signakip-naise atia (SNR).INwte that 100%
pure oxygen gas is preferably employed
Note that 100% pure oxygen gas is preferably employed
as the gas used in this process, but as long as the gas contains

at least 2at% oxygen, sufficient improvements in the Hk and

SNR can be expected.

Next, as shown in Fig. 2C, the soft magnetic upper
underlayer 14c is laminated onto the non-magnetic metal layer
14b. Similarly to the soft magnetic lower underlayer 14a, the
lamination process may employ DC magnetron sputtering, RF
magnetron sputtering, and vacuum deposition, for example. As
a result of this series of laminations, the soft magnetic

underlayer 14 shown in Fig. 2C is obtained.

Non-magnetic intermediate layer formation process

As shown in Fig. 2D, the non-magnetic intermediate
layer 16 is laminated onto the soft magnetic upper underlayer
14c of the soft magnetic underlayer 14. The lamination

process may employ various deposition methods such as DC
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as the gas used in this process, but as long as the gas contains at least
2at% oxygen, sufficient improvements in the Hk and SNR can be
expected. Next, as shown in Fig. 2C, the soft magnetic upper underlayer
14c is laminated onto the non-magnetic metal layer 14b. Similarly to the

ma82ft magnetic lawerunderlayer 14a.1be lamination RrOcesS MayLMRIOYun
DC magnetron sputtering, RF magnetron sputtering, and vacuum

deflerasition, forrexanaplenAseca result ebthis seres eblamirationsy thessofting
magnetic underlayer 14 shown in Fig. 2C is obtained. Non-magnetic

deilnteymediate dayerdormatien prasess phs sBewAdn Fig. 2P theularly

non-magnetic intermediate layer 16 is laminated onto the soft magnetic

p repReraperiayen cHic gh te-safbmagpetie undadayes 14s Jag lamination
process may employ various deposition methods such as DC 20

culaghetran sputietag i RFonagaeon sputeting, and vaeutim gdepesitian.on
for example. In consideration of evenness and deposition speed,

dulagoetron sputtering issparticuwearly prefeteble. When magneiignetic
sputtering is used, direct current discharge is preferable as the sputtering

i n¢endiion e toai{eeonBodalilityh Furthersthe nea-magnedic cinteryrediatend
layer 16 does not have to be a single layer, and may have a multi-layer

mastriciure comprising soyeatledtseedture comprising so-called seed

layers.

Perpendicular magnetic recording layer formation
process

As shown in Fig. 2E, the perpendicular magnetic
recording layer 18 is laminated onto the non-magnetic
intermediate layer 16. Various deposition methods such as
DC magnetron sputtering, RF magnetron sputtering, and
vacuum deposition, for example, may be used in the lamination
process. In consideration of evenness and deposition speed,
magnetron sputtering is particularly preferable. When
magnetron sputtering is used, direct current discharge 1is
preferable as the sputtering condition due to its

controllability.

Protective layer formation process
As shown 1in Fig. 2F, the protective layer 20 is

laminated onto the perpendicular magnetic recording layer
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layers. Perpendicular magnetic recording layer formation process As
shown in Fig. 2E, the perpendicular magnetic recording layer 18 is
laminated onto the non-magnetic intermediate layer 16. Various
deposition methods such as DC magnetron sputtering, RF magnetron

18Spuitgung, andh yasuymenosition, for exappls, way bewiseddpdhe +1on

lamination process. In consideration of evenness and deposition speed,

me MAGRSreN SpULering ispaticulady pieferakle.Whenrmagngien ron
sputtering is used, direct current discharge is preferable as the sputtering

spaerditiamgdyetedts acontrolabibty: Praiactive fayerfgsmationpresess Asbon
shown in Fig. 2F, the protective layer 20 is laminated onto the

f i perpendicitamagaetic resarding layet 24l Jihe lanisatien phesesstilm
may employ various deposition methods such as DC magnetron
caspuitering; Rheagneltoshspuitesingr and vaeudm depasiiont faimproving
example. When a carbon film is formed using CVD, a patrticularly fine and
hebardtfilat: £ande chidinedywhichnis preferatale i terms=af improving head
flotation and environmental resistance. Liquid lubrication layer formation
process
Liquid lubrication layer formation process
As shown in Fig. 2G, the liquid lubrication layer 22
is laminated onto the protective layer 20. The lamination
process may employ various deposition methods such as dipping
and spin coating, for example. In consideration of the
evenness of the liquid lubrication layer and the ease with

which the film thickness thereof can be controlled, a spin

coating method is preferably employed.

The manufacturing method for a magnetic recording
medium according to the present invention, including each of
the processes described above, does not employ the layer
configuration of a conventional manufacturing method for a
perpendicular magnetic recording medium, i.e. a layer
configuration in which soft magnetic layers and non-magnetic
layers constituting the soft magnetic underlayer are
laminated together excessively. Instead, in the
manufacturing method of the present invention, a simple

layer configuration in which the soft magnetic underlayer 14
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As shown in Fig. 2G, the liquid lubrication layer 22 is laminated onto the
protective layer 20. The lamination process may employ various
deposition methods such as dipping and spin coating, for example. In
consideration of the evenness of the liquid lubrication layer and the ease

coMithi whichthe filmithickness theseefcan tz%@@@tr@}%@%@@ﬂiag the
(6]

method is preferably employed. The manufacturing method tfor a magnetic

noFeGRIGiNg t Medivm accarging-torthe presentinvendion: inglusing eachgher
the processes described above, does not employ the layer configuration

un@ba cep¥entianalimantfaciyrng nethadden ai perpgndicularmagnetic, the
recording medium, i.e. a layer configuration in which soft magnetic layers

maANE NeBuNagretiedayers constituting dhe seft magnetie ungerlayearare
laminated together excessively. Instead, in the manufacturing method of

actherpresgntioventon sesinpte layerraonfiguendion inshiehnthessoft he
magnetic underlayer 14 22 comprises only the soft magnetic lower
coupdertapes ddanthec nobgnagreticrmetal dayer 14bha and the spf magnetise
upper underlayer 14c is employed, as shown in Fig. 1. Further, the
1 apranutactfring methochfor seadgnetic regovding fvedilnmaccdraitgitoithg
present invention does not employ the complicated and excessive
me propéssingrthat peagmpaies ther magnetic recording medium.
Instead, in the manufacturing method of the present
invention, simple processing whereby the non-magnetic metal
layer 14b of the soft magnetic underlayer 14 is exposed to
a gas containing oxygen is employed. Nevertheless, with the
manufacturing method of the present invention, improvements
in the anisotropic magnetic field (Hk) of the soft magnetic
underlayer and the signal-to-noise ratio (SNR) of the
magnetic recording medium can be achieved. Accordingly, the
present invention is capable of providing a magnetic recording
medium of far higher quality than those of the related art

by means of a simple and inexpensive method.

Examples

The effects of the present invention will be
substantiated below using examples of the present invention.

Laminated body formation

First example

The perpendicular magnetic recording medium 10 shown
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layer configuration used in a conventional manufacturing method for a
perpendicular magnetic recording medium. Instead, in the manufacturing
method of the present invention, simple processing whereby the
non-magnetic metal layer 14b of the soft magnetic underlayer 14 is

1 n®RAQpedito, 3 gas,containing oxygen is employed. Neyguheless, with the
manufacturing method of the present invention, improvements in the
anisotropic magnetic field (HK) of the soft magnetic underiayer and the

signal-to-noise ratio (SNR) of the magnetic recording medium can be

achieyed.;Accordinglyy the, presentinvention is capable of PrRUAIAIR ass
magnetic recording medium of far higher quality than those of the related

sudld thn meanswafasimpleandingxpensive methodgExamples: TheLftecte g
of the present invention will be substantiated below using examples of the

byPrESeatinventions & aminateddoedy: formations Fkstiexampletihee 12, was
perpendicular magnetic recording medium 10 shown 23 in Fig. 1 was

waglieated invthedfpllewing manserdtiest 12 digkshapedoeherpigallyito a
strengthened glass substrate having a smooth surface (N-10 glass,

s pinanyfactyy esh by HOYA Ltdry dsering;as the hgatnagnetici subsirage 42,0,
was

10% Zr, and 5% Nb, the CoZrNb soft magnetic lower underlayer

14a was deposited on the substrate 12 at 110nm using a DC

magnetron sputtering method in an atmosphere with an Ar gas

pressure of bmTorr.

Next, Ru was deposited as the non-magnetic metal layer
14b on the soft magnetic lower underlayer 14a at 0.8nm using
a DC magnetron sputtering method in an atmosphere with an Ar
gas pressure of bmTorr. The surface of the non-magnetic
metal layer 14b deposited in this manner was then exposed to
Ar gas containing 2at$% oxygen gas for three seconds in an

atmosphere of 5SmTorr.

Then, using the same target as that of the soft magnetic
lower underlayer l4a again, the CoZrNb soft magnetic upper
underlayer 1l4c was deposited at 90nm on the non-magnetic
metal layer 14b using a DC magnetron sputtering method in an
atmosphere with an Ar gas pressure of 5SmTorr, and thus the

soft magnetic underlayer 14 was cobtained.
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washed. Next, the substrate 12 was introduced into a sputtering
apparatus, and using a target containing 85% Co, 10% Zr, and 5% Nb,
the CoZrNb soft magnetic lower underlayer 14a was deposited on the
substrate 12 at 110nm using a DC magnetron sputtering method in an
atmosphere with an Ar gas pressure of 5mTorr. Next, Ru was deposited
as the non-magnetic metal layer 14b on the soft magnetic lower
undenryer 14asatiy8amdisitgra PErRagnetrar sputtering medhachinean 20
atmosphere with an Ar gas pressure of 5mTorr. The surface of the
mafen-gfagneticometal sayprdddbidepnsited i this sranttes wastbenagnetic
exposed to Ar gas containing 2at% oxygen gas for three seconds in an
unaimdsphere af Snwiarhotiten]esmgithérsamen targehasithah of the soft
magnetic lower underlayer 14a again, the CoZrNb soft magnetic upper
i ntirdertayes 14 c Weasdejdsiteddat@8nmme od the han-magnetici metakdayeri ng
14b using a DC magnetron sputtering method in an atmosphere with an
1l afegasfregsaresapSm Fodraand dusttihe Gpft magnetic nodenkyarddtwas e
obtained. 24 Next, using a carbon target, the protective layer 20 made of
1 2caiion wastdepasitediat [Onnean theesoftdnagndtic henderddyer tlidvwitheve ¢
depositing the non-magnetic intermediate layer 16 and perpendicular
20magnetierecoedingrom the vacuum apparatus.

Next, the liquid lubrication layer 22, constituted by
perfluoropolyether, was formed at 1.5nm using a spin coating
method, and thus a laminated body not having the

perpendicular magnetic recording layer 18 was obtained.

Note that the film thickness of the non-magnetic metal
layer 14b was selected such that the Hk of the soft magnetic
underlayer 14 reached a maximum. Further, to verify the
increase or decrease in Hk according to the application of
the oxygen exposure process, the film thickness condition of
the non-magnetic metal layer 14b was set at an identical
value, i.e. 0.8nm, in the first example and all of the examples

and comparative examples to be described below.

Second example
In the oxygen exposure process of the non-magnetic

metal layer 14b, the surface of the non-magnetic metal layer
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layer 18, whereupon a laminated body comprising the substrate 12, the
soft magnetic underlayer 14, and the protective layer 20 was removed
from the vacuum apparatus. Next, the liquid lubrication layer 22,
constituted by perfluoropolyether, was formed at 1.5nm using a spin

14g0atiRg meiac andibus A lgminatedhodying) hayingthepeypandisylar o

magnetic recording layer 18 was obtained. Note that the film thickness of

ththeanan=magnetic metal ayes dghavas selestgtsuch that therkdk of theche
soft magnetic underlayer 14 reached a maximum. Further, to verify the

1 atficreasevbdesrease ivriaaecaiding to thevapplicationof thecoxygernfirst
exposure process, the film thickness condition of the non-magnetic metal
exkayel #4b was set at an identical value, i.e. 0.8nm, in the first example
and all of the examples and comparative examples to be described
below. Second example In the oxygen exposure process of the
non-magnetic metal layer 14b, the surface of the non-magnetic metal
layer 12561 1+4b wasmgxpesed to Ar gas containing 10ato oxygen gas for
three seconds in an atmosphere of SmTorr. Otherwise, the laminated
body Was abtainedypa sinsitar ssame o the fisst ogxarhplendhirthagnetic
example
metal layer 14b, the surface of the non-magnetic metal layer
14b was exposed to Ar gas containing 50at$% oxygen gas for
three seconds in an atmosphere of 5mTorr. Otherwise, the
laminated body was obtained in a similar manner to the first

example.

Fourth example

In the oxygen exposure process of the non-magnetic
metal layer 14b, the surface of the non-magnetic metal layer
14b was exposed to 100at% oxygen gas for three seconds in an
atmosphere of 5mTorr. Otherwise, the laminated body was

obtained in a similar manner to the first example.

Fifth example

In the oxygen exposure process of the non-magnetic
metal layer 14b, the surface of the non-magnetic metal layer
14b was exposed to Ar gas containing 2at% oxygen gas for ten
seconds in an atmosphere of 5mTorr. Otherwise, the laminated

body was obtained in a similar manner to the first example.
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In the oxygen exposure process of the non-magnetic metal layer 14b, the
surface of the non-magnetic metal layer 14b was exposed to Ar gas
containing 50ato oxygen gas for three seconds in an atmosphere of
5mTorr. Otherwise, the laminated body was obtained in a similar manner
to the first example. Fourth examg!gh ]Ln the oxygen exposure process of

the ndr-hiagnettBRetar falfer 1B e

surface of the non-magnetic metal

layer _14b was exposed to 10(1):at6 oxg/gen gas for thr%e sec%nds ig an
atmosp ere of S Tort Bithienwvised the1aminated b%%ly WAas obtaifed in a

exgg@e. Fifth exam I%In the oxygen exposure

%lmilar manner to the first
er £10 hamln odVy. no aving a

wlse a conven Jf. e ¥
process of the non-magnetic metal layer 14b, the surface of the
non- .(gnetic mgtal layer, 14b was e>t<jpcosed tg Ar gas cont ining 2at%
ma(%l('le 1 re]g:or ll’ls% aAVer wasS O alhne Jf% a_l_sun ﬁr anner to
ygen gas for ten seconds in an atmosphere of 5mTorr. Otherwise, the

thIamf'nateg bo%w§s obtained in a similar manner to the first example. 26
, 1rs eX é) c.
First comparative example The oxygen exposure process was not
employed. Otherwise, a conventional laminated body not having a
magnetic recording layer was obtained in a similar manner to the first

examE%ﬁluation of anisotropic magnetic field (Hk)
Hysteresis loops of the laminated bodies of the first
example and first comparative example in the hard
magnetization axis direction (radial direction) thereof were
measured using a vibration sample magnetometer (VSM). The
results are shown in Fig. 3 (first example) and Fig. 4 (first
comparative example). In these hard magnetization axis
direction hysteresis loops, the anisotropic magnetic field
(Hk) of the soft magnetic underlayer 14 is determined as the
value (Os) of an applied magnetic field when magnetization
is saturated. WNote that in Figs. 3 and 4, the ordinate shows
the magnetization M (emu) and the abscissa shows the applied

magnetic field H [kOe].

From Fig. 3, the Hk of the soft magnetic underlayer 14
in the laminated body of the first example, in which the surface
of the non-magnetic metal layer 14b was exposed to Ar gas
containing 2at% oxygen gas for three seconds in an atmosphere
of bmTorr, is determined at 6620e. From Fig. 4, the Hk of the

soft magnetic underlayer 14 in the laminated body of the first
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Evaluation of anisotropic magnetic field (Hk) Hysteresis loops of the
laminated bodies of the first example and first comparative example in the
hard magnetization axis direction (radial direction) thereof were
measured using a vibration sample magnetometer (VSM) . The results
Lare sfréchr;ll ien gg(ga Hcla (first %ampi%)laagg Fig. 4 firgteg:iomgarrativer%xarggle i
“OfPthede hard magne ization axis~ direction eresi?%o%s,etl?e ce
nisotropic magnetic field (HKk) of th agnetic underlayer 14 is__ .
noge}?gfrfn%?ergl %gihésv%ﬁ?ceefés r?o Cfi;lr? gp%()%rég]enﬁagﬁeet?ccﬁéldt ?vy e%e srmined
m tization, .is saturated.. Note that in Figs. 3 and 4, the ordinate shows
HkBFI0FLE AL ad 4, the ordy
ktﬁe magneﬁzras’t}:or? M I&agmﬁ) and ﬁ%rgﬁislcrﬁssaes‘?%ws the ap%ﬁedaﬁ?aegrnéc\gllcan
f'elng k(%el] Erom Fi%ts, Iﬂ% E%kigf he soﬁhm gngq',cu q{%rgr?g 14 'r[?
th L k ; d
the %mlfﬁate %ody of the #II’SI examsb e,(fr? ?c% t%e seur%ace ft%ue 2
thggg'%%e%@etﬂllé?X%rslég%wgﬁg?fggﬁ%%tq:ﬁ%g8§ Apaiping 2ate.

oxygen gas for three seconds in an atmosphere of 5mTorr, is determined

prt8820e, FromFig4.he Hi of the jsoft magnetic undetlayer 14 in the

laminated body of the first 27 comparative example, in which the oxygen

paPXABE P!’L‘%fleiﬁéﬂac% oL performed is determined at 3980e.sHenge, fhe .

determined Hk of the first example is approximately 1.7 times larger than

rhihe datermined Hkof the disst comparative 8XAmple. & be achieved

without employing a special layer configuration and without

the need for complicated and expensive processing.

The Hk of the soft magnetic underlayer 14 in the first
to fifth examples and first comparative example, each having
different oxygen exposure process conditions as described

above, are shown in Table 1.
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therefore the merits of employing the oxygen exposure process are
verified. Note that the first example is particularly meritorious in that an
improvement in Hk over that of the first comparative example can be
achieved without employing a special layer configuration and without the
need q1;orb(*1oemqlicated and expensive processing. The Hk of the soft
magne‘?ic underlayer 14 in the first to fifth examples and first comparative

described above, are shown in Table 1. 28|Ta ((a) EN
EXPOSURE ANIS»%‘%@EE Egr%R OF TIME%%‘I%C
FIELD EXPOSUR gt%o D )1: (Oe) FIR LE B
23662 SECONDC E%%%P%%%é ESE%JHII?%@%@LE §%ﬁ3¢7218©e)
FOURTH EXAMPL 8 8 FIF EkAM 704 S

FIRS@OE“I“""‘ ATIVE-G =398 EXAMPLEHtcanbe seenfromTable-tthat
when the exposureztime to the oxygen-containing gas is kept constant
and +th AL

SECOND” EXAMPIE ' | 10 3 683

THIRD EXAMPLE 50 3 721

FOURTH EXAMPLE 100 3 768

FIFTH EXAMPLE 2 10 704

FIRST COMPARATIVE | O - 398

EXAMPLE

It can be seen from Table 1 that when the exposure time
to the oxygen-containing gas is kept constant and the oxygen
concentration thereof 1s increased, the Hk of the soft
magnetic underlayer 14 improves (first comparative example,
first to fourth examples), and it can be seen that in the
fourth example, the Hk is approximately 1.9 times that of the

first comparative example.

It can also be seen that when the oxygen concentration
of the exposure gas is kept constant and the exposure time
is 1increased, the Hk of the soft magnetic underlayer 14
increases (first, fifth examples), and it can be seen that
in the fifth example, the Hk is approximately 1.1 times that

of the first comparative example.
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concentration thereof is increased, the Hk of the soft magnetic underlayer
14 improves (first comparative example, first to fourth examples) , and it
can be seen that in the fourth example, the Hk is approximately 1.9 times
that of the first comparative example. It can also be seen that when the
OXVQ%'}S%’.‘%%%?%E%%” the exposuire das Is kept consfant e e aount
exposure time “is inCreased, the HK 6f T7e So magnétic underlayer
and it can be seen that in H‘ec];ilfth
1C e surface

of irg)c}geas%s g%{s lflig hoe>2( amé%{e—sct)b 11N a W
exa%%?e, the HK'IS apﬁlrgmma eﬁl/ £ 11imes that of the first comparative

o£ LRI, 20 Erom the ghove, iy b said that as. he ol amaunt o

. .1 X
oxygen in the Oxygen-containing gas to which the surface o

Hk”Sﬁ:""t‘%%”eéi&f'ﬂeB%a}Y&{ }éb&%%@%%efe‘?c&e@s Sohg, Hk.of the soft
magnetic underlayer~14 increases. The teason why it is possible to
increase the Hk of the soft magnetic underlayer 14 by subjecting the

non-magnetic metal layer 14b to oxygen exposure processing in this

manngy Jis helieygd fo.pe assfallpwssinthe soft magnetic underlayerda.

an RKKY (Ruderman-Kittel-Kasuya-Yoshida) interaction occurs between

sole ﬁ%%ﬁ@t%@“ﬁh@@?ﬁ%%?%% lgyers Ka. daehen e, on _nagnetic

non-magnetic metal layer 14b is sandwiched betweén the soft

metal layer 14b to oxygen exposure processing in this manner

is believed to be as follows.

In the soft magnetic underlayer 14, an RKKY
(Ruderman-Kittel-Kasuya-Yoshida) interaction occurs between
the soft magnetic upper and lower layers 1l4a, 1l4c when the
non-magnetic metal layer 14b is sandwiched between the soft
magnetic lower underlayer 1l4a and soft magnetic upper
underlayer 14c shown in Fig. 1. This interaction is usually
expressed as an exchange interaction coefficient (Jgk), and
serves as an 1index that indicates the strength of the
exchange coupling force acting between the upper and lower
magnetic layers sandwiching the non-magnetic metal layer.
Hence, by increasing the Jgx, the Hk of the soft magnetic

underlayer 14 increases.

The Jgx greatly affects the state of the interface
between the non-magnetic metal layer 1l4b and the soft

magnetic upper underlayer 1l4c formed thereon. More
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magnetic lower underlayer 14a and soft magnetic upper underlayer 14c
shown in Fig. 1. This interaction is usually expressed as an exchange
interaction coefficient (JEX), and serves as an index that indicates the
strength of the exchange coupling force acting between the upper and

lower . magnetic layers sandwiching the non-magnetic metal layer. nce
=Py loaang th JEx. D H OT RS Soft Maghete treieye = Ever

1 4INCreases, The JCEtZé gE%atlé/ affects the state of thg interface bet\ellglgn the

SUb: en e oCessin
non-magnet?cer(flee layer Tahand the soft. magnetic uppér ghderlayer

wel 4G Jormed thergo g%/%e{@eg’%g%?g?%aﬁ& nenie surface ofihie, . these

non-magnetic meta r 14 bjected to oxygen exposure

coBPeessing. thewenabiity 8'&‘%&‘18H%Céa%%gyctgﬁ{ﬁo&ﬁ”%ﬁ?&%?yU&gi% the

these conditions, a magnetic element can be coupled evenly onto the

noRQkRanelic metal layer %é@ and thereforethe JEX hetweensthey . cony

non-magnetic metal layer 14b and soft magnetic upper underlayer 14c

¢ hiOCIRASER  IRdINgt0AN Increasedn the bk, Nete that in, order{q obiain . -

sufficient Hk, the non-magnetic metal layer film thickness’is important,
un@d- therefore the; iim thickness of the pgnvpagpetc,metal layern 180e uy .

positioned between the soft magnetic upper and lower layers 14a, 14c
must be set at approximately 0.7nm, i.e. to

Note that in order to obtain sufficient Hk, the
non-magnetic metal layer film thickness is important, and
therefore the film thickness of the non-magnetic metal layer
14b positioned between the soft magnetic upper and lower
layers 14a, 1l4c must be set at approximately 0.7nm, i.e. to

a level of several atomic layers.

Formation of magnetic recording medium

Next, following the method described above in the first
to fifth examples and first comparative example, the
non-magnetic substrate 12 and soft magnetic underlayer 14
shown in Fig. 1 were deposited. Next, the non-magnetic
intermediate layer 16, magnetic recording layer 18,
protective layer 20, and liquid lubrication layer 22 shown
in Fig. 1 were deposited in the manner described below, whereby

the following magnetic recording media were obtained.
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a level of several atomic layers. Formation of magnetic recording medium
Next, following the method described above in the first to fifth examples
and first comparative example, the non-magnetic substrate 12 and soft
magnetic underlayer 14 shown in Fig. 1 were deposited. Next, the

non- ag(nceryc internlediate layer 16, magnetic recording layer 18,
protergtllve Iaygﬁf&pan% liquid lubrication layer 22 shown in Fig. 1 were

depo%i?ﬂﬂé’ the, manner dc%5§§9§d below a""h‘?{gﬁxs@%%”%"%if‘ghe soft

magnetic récording media were obtained. 351 Sixth example Using Ru as a

ma%%%%%ti Ru.was feposited gndhe $oft ymagnefig “PPPQ@VE&%&%N%Q % 0nm

e first example at’20nm using a DC magnetron sputtering method in an

usAUPSPRRre Wit AN A, 985 Aressure PheAM Lo Whereby the shere with

non-magnetic ‘intermediate layer 16 was obtained. Next, using a

anMulti-gompgpenttarget censtifyted by a,,80moi% (89%Co0-1a%Rb: ; ¢

target'and a 10melo Si02 target, the perpendicular magnetic recording

inla¥eniy;taking g, granular form Rayving apadded oxide, was deposited on
the non-magnetic intermediate layer 16 at IOnm using an RF magnetron

sputtering method in an atmosphere with an Ar gas pressure of SmTorr.

Next, using a multi-component target constituted by a
90mol% (85%Co to 15%Pt) target and a 10mcl% $i0, target, the
perpendicular magnetic recording layer 18, taking a
granular form having an added oxide, was deposited on the
non-magnetic intermediate layer 16 at 10nm using an RF
magnetron sputtering method in an atmosphere with an Ar gas

pressure of SmTorr.

Next, using a carbon target, the protective layer 20
made of carbon was deposited on the perpendicular magnetic
recording layer 18 at 10nm, whereupon the structure was
removed from the vacuum apparatus. The liquid lubrication
layer 22 made of perfluoropolyether was then applied at 1.5nm
using a dipping method, whereby the magnetic recording

medium 10 was obtained.

Seventh example
The soft magnetic underlayer 14 was deposited in

accordance with the method described in the second example.
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Next, using a carbon target, the protective layer 20 made of carbon was
deposited on the perpendicular magnetic recording layer 18 at 10nm,
whereupon the structure was removed from the vacuum apparatus. The
liquid lubrication layer 22 made of perfluoropolyether was then applied at

otLopm dsing adippingmethod. wherehythemagReye recarding. medivm,

10 was obtained. Seventh example The Soft magnetic underlayer 14 was

a depasited inaccordance with the: method described in the second
example. 32 Otherwise, the magnetic recording medium 10 was obtained

in a similar manner to the sixth example. Eighth example The soft
magnetic underlayer 14 was deposited in accordance with the method
describeghinthe thirg example. Otherwise, the magnetic recording
medium 10 was obtained in a similar manner to the sixth example. Ninth

example=The seftmpagneticundedayer 14 wasdepgsited gb aceerdange
with the method described in the fourth example. Otherwise, the magnetic

actaserding anedium 10 wasobhiainedds @ sigdlar mannes te the-sixtikample.
example. Tenth example
Otherwise, the magnetic recording medium 10 was obtained in

a similar manner to the sixth example.

Ninth example

The soft magnetic underlayer 14 was deposited in
accordance with the method described in the fourth example.
Otherwise, the magnetic recording medium 10 was obtained in

a similar manner to the sixth example.

Tenth example

The soft magnetic underlayer 14 was deposited in
accordance with the method described in the fifth example.
Otherwise, the magnetic recording medium 10 was obtained in

a similar manner to the sixth example.

Second comparative example

The soft magnetic underlayer 14 was deposited in
accordance with the method described in the first
comparative example. Otherwise, the magnetic recording

medium 10 was obtained in a similar manner to the sixth
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The soft magnetic underlayer 14 was deposited in accordance with the
method described in the fifth example. Otherwise, the magnetic recording
medium 10 was obtained in a similar manner to the sixth example.
Second comparative example The soft magnetic underlayer 14 was
ex%%&?fg?d in accordance with the method described in the first
comparative example. Otherwise, the magnetic recording medium 10 was
obtained in a similar manner to the sixth 33 example. Evaluation of
electromagnetic conversion characteristic (SNR) The electromagnetic
convergign gharagiersticayas. evaluated in relation to.the magnetic
recording media of each of the sixth to tenth examples and second
cHeomparative examplgrobtained in the manner described above. More
specifically, an evaluation of the signal-to-noise ratio (SNR) was
perforimed Wsing @-spin standitestes apdas sinplepolestypshesad: (writg s
track width 0.25m) for perpendicular magnetic recording. The results are
e IetiBd Table 2 Note 1hat thecevaluated SR valuesaredneaswement o £
values at 336kFCI (kilo Flux Change per inch). Table 2
each of the sixth to tenth examples and second comparative

example, obtained in the manner described above. More
specifically, an evaluation of the signal-to-noise ratio
(SNR) was performed using a spin stand tester and a
single-pole-type head (write track width 0.25um) for
perpendicular magnetic recording. The results are shown in
Table 2. Note that the evaluated SNR values are measurement

values at 336kFCI (kilo Flux Change per Inch).

Table 2

ANISOTROPIC SIGNAL-TO-NOISE
MAGNETIC FIELD (Oe) | RATIO (dB)

SIXTH EXAMPLE 662 26.6

SEVENTH EXAMPLE 683 26.7

EIGHTH EXAMPLE 721 27.3

NINTH EXAMPLE 768 27.5

TENTH EXAMPLE 704 27.1

SECOND COMPARATIVE EXAMPLE | 398 25.3
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ANISOTROPIC SIGNAL-TO-NOISE MAGNETIC FIELD (Oe) RATIO (dB)
SIXTH EXAMPLE 662 26.6 SEVENTH EXAMPLE 683 26.7 EIGHTH
EXAMPLE 721 27.3 NINTH EXAMPLE 768 27.5 TENTH EXAMPLE 704
27.1 SECOND COMPARATIVE EXAMPLE 398 25.3 34 According to

Table,2,p the secogdrcemparative example., invwhigh oxyugen exposyre, o |

is not performed, the SNR is 25.3dB, whereas in all of the sixth to tent

1 n Q¥AMBIES ) YUHCE QXYEER LXROFWE ISRerformed, the SNRAS imprgved;s,

In the ninth” example, which has the greatest anisotropic magnetic field

whiFa@lug, the SNR-takesia particulady, faverablg.yalue afn 2 peR. ;8 gen

approximately 2. 2 dB higher than that of the second comparative

exB¥ample. Ascouling tathe, abave, with the laminatedbbody fhirst e fifthnth

examples) and magnetic recording medium (sixth to ninth examples) of

e xHigoRresentinventions amispyewernestina thesdk effhe-saft gragnetlicric1q

underlayer, which is effective in improving the recording and reproduction
(ngharaglerisfics nef aprrpendicular recording raediunt ds aehisved vHenee o £
simultaneously in each example, the exchange coupling
27.5dB, i.e. approximately 2.2 dBhigher than that of the second

comparative example.

According to the above, with the laminated body (first
to fifth examples) and magnetic recording medium (sixth to
ninth examples) of the present invention, an improvement in
the Hk of the soft magnetic underlayer, which is effective
in improving the recording and reproduction characteristics
of a perpendicular recording medium, is achieved. Hence,
simultaneously 1in each example, the exchange coupling
magnetic field is improved, spike noise generated in the
soft magnetic underlayer is suppressed, and the SNR of the
magnetic recording medium is improved. Note that in the
first through fifth examples and first comparative example,
the Hk was evaluated in a state where the non-magnetic
intermediate layer 16 and magnetic recording layer 18 were
not deposited, but this evaluation relates only to the soft
magnetic underlayer 14, and therefore the evaluation
relating to the Hk of the first to fifth examples and first

comparative example may be applied as is to the respective
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magnetic field is improved, spike noise generated in the soft magnetic
underlayer is suppressed, and the SNR of the magnetic recording
medium is improved. Note that in the first through fifth examples and first
comparative example, the Hk was evaluated in a state where the

maRRIMRGNLIC, ?H%W&g?ﬁ@lﬁ'é‘ygf 16,andmagpetic recoidinalayae8 s ang

were not deposited, but this evaluation relates only to the soft magnetic

seHnderlaysr 14, and thereforg the evaluation relating to the Hk of the first

to fifth examples and first comparative example may be applied as is to
the respective 35 magnetic recording media of the sixth to tenth examples
and second comparative example. According to the present invention, the

anisoffepicr graghetis fielb(Hi) of a-soft magneticunderayes canbe ropic
improved without employing a special layer configuration and without the

mafged for complicaieq and expensiygtecessinde and ¢t thea sayae ties ved
the exchange coupling magnetic field can also be improved. As a result,

w1i8pike naise-generated insthe-seft magrstic-underipyes €28 HesuHpRressea

greatly, and the signal-to-noise ratio (SNR) of the magnetic recording
theediva £an betpPpiayede Hence dhedresent ipvertinisisable 4o pervidee

a perpendicular magnetic recording medium that can be installed in

s ad@ieusnnagnetic slisknapparatusesifiony whighetic field can also be
improved. As a result, spike noise generated in the soft
magnetic underlayer can be suppressed greatly, and the
signal-to-noise ratio (SNR) of the magnetic recording medium
can be improved. Hence, the present invention is able to
provide a perpendicular magnetic recording medium that can
be installed in various magnetic disk apparatuses from which

a high level of recording density has been demanded in recent

years.
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a high level of recording density has been demanded in recent years. 36
What is claimed is: 1.. A manufacturing method for a magnetic recording
medium, comprising the steps of forming a soft magnetic underlayer by
laminating a soft magnetic lower underlayer, a non-magnetic metal layer,

wrand a soft magneticupper underlayer in succession on a non-magnetic
substrate, and forming a perpendicular magnetic recording layer on said

soft mﬁgnetiCMr}qﬁﬂﬁ)f%r@‘é@ﬂ@ia, ﬁg%f&ammsai% igagnetic petat ng
layer, a surface thereof is exposed to a gas containing between 2 and
mekP0at%o aegen 21 The manufactydng methodfora magpetic Keeerding:
medium according to claim 1, wherein a film thickness of said soft
urfRagneticdlowey underayer is hebversr t1Gnangh s09am; a.fim thickaessok r,
said non-magnetic metal layer is between 0.1 and 5nm, and a film
a thickness ¢h saidc seft magneticaippes daderlayer is hatyeeaii 10 apder
500nm. 3. The manufacturing method for a magnetic recording medium
urafepIding 10 chaim dcored svkereshsaid neen-maghnetic mefablayekise, and
formed from an element selected fromCu, Ru, Rh, Pd, and Re, or an alloy
f contaigingasapkalemenis;ular magnetic recording layer on said

soft magnetic underlayer,
wherein, after forming said non-magnetic metal
layer, a surface thereof is exposed to a gas containing

between 2 and 100at?% oxygen.

2. The manufacturing method for a magnetic
recording medium according to claim 1, wherein a film
thickness of said soft magnetic lower underlayer is between
10 and 500nm, a film thickness of said non-magnetic metal
layer 1s between 0.1 and 5nm, and a film thickness of said

soft magnetic upper underlayer is between 10 and 500nm.

3. The manufacturing method for a magnetic
recording medium according to claim 1 or 2, wherein said
non-magnetic metal layer is formed from an element selected
fromCu, Ru, Rh, Pd, andRe, oranalloycontainingsaidelements,
or a material having said elements or an alloy thereof as a

main constituent.
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or a material having said elements or an alloy thereof as a main
constituent. 37 4. The manufacturing method for a magnetic recording
medium according to any of claims 1 to 3, further comprising the step of
forming a non-magnetic intermediate layer on said soft magnetic

underjayer. Srfhe manufagiuringimethadfor aimagnetic reeprding.
medium according to any of claims 1 to 4, further comprising the step of
ret%mmgqa Rretective laves anisaid tRerpepdicelanmagnretic eeording Jayele -

comprising the step of forming a non-magnetic intermediate

layer on said soft magnetic underlayer.

5. The manufacturing method for a magnetic
recording medium according to any of claims 1 to 4, further
comprising the step of forming a protective layer on said

perpendicular magnetic recording layer.
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