PERPENDICULAR MAGNETIC RECORDING MEDIUM AND MANUFACTURING METHOD
THEREOF BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to a perpendicular magnetic recording medium and a manufacturing method thereof. This
magnetic recording medium is useful for installation in various types of magnetic recording apparatus.

2. Descrlpu%ﬁi,m@@@gl@rt In ﬁq&s perpy %?ﬂfﬁﬁfl\fﬂ?g”etl\gl ﬁ)[”g ha 1qﬁned

attention over conventlonal longitudin magnetlc recording as a technique for increasing the density
of magnetlcl\;ﬁg W%% E%E@Pordlng medium is constituted by a magnetic
recording layer formed from a hard magnetic material, and a backing layer containing a soft magnetic
material which is used during recording onto the magnetic recording layer and serves to concentrate
magnetic flux generated by a magnetic head. It is known that spike noise, which is one type of noise
that causeS§A@i@@§d@ﬁﬁ)@ipqu pdic recording medium having the structure described
above, is generated by a domain wall formed on the soft magnetic layer, i.e. the backing layer. The
mechanisms of domain wall formation and noise generation are as follows. When the soft magnetic
layer is formed on a substrate, the anisotropy of the soft magnetic layer is small, and therefore a
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The present invention relates to a perpendicular magnetic recording medium
and a manufacturing method thereof. This magnetic recording medium is useful for

installation in various types of magnetic recording apparatus.

2. Description of the Related Art

In recent years, perpendicular magnetic recording has gained attention over
conventional longitudinal magnetic recording as a technique for increasing the density
of magnetic recording.

A perpendicular magnetic recording medium is constituted by a magnetic
recording layer formed from a hard magnetic material, and a backing layer containing
a soft magnetic mater‘ial which is used during recording onto the magnetic recording
layer and serves to concentrate magnetic flux generated by a magnetic head. It is
known that spike noise, which is one type of noise that causes problems in a
perpendicular magnetic recording medium having the structure described above, is
generated by a domain wall formed on the soft magnetic layer, i.e. the backing layer.

The mechanisms of domain wall formation and noise generation are as
follows.

When the soft magnetic layer is formed on a substrate, the anisotropy of the

soft magnetic layer is small, and therefore a closure domain is generated in order to



reduce the magnetostatic energy on the inner and outer peripheral portions of the soft magnetic layer.
In a soft magnetic layer having an adequate film thickness for practical application, the domain wall
takes a Bloch form, and since spin rotates in the film thickness direction within the domain wall,
perpendicular direction poles appear at the upper and lower ends of the domain wall, causing noise.
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As regards control of the domain wall of the soft magnetic backing layer,
when the magnetization directions of soft magnetic films forming the main part of a
soft magnetic backing film are coupled antiferromagnetically so as to be oriented 180°
from each other by providing a non-magnetic metal between the soft magnetic
backing layers (see Japanese Unexamined Patent Application Publication H1-128226
and Japanese Unexamined Patent Application Publication H7-85442, for example),
and when the substrate takes a disk shape, for examplé, the magnetization directions
are aligned with the circumferential direction of the disk-shaped substrate, and as a
result, the generation of a domain wall that causes noise can be suppressed.
In a backing layer having the above structure, in which a non-magnetic metal
is sandwiched between soft magnetic backing layers, the coupling force (exchange
coupling magnetic field) that acts between the soft magnetic backing layers attenuates
in a vibrating manner as the thickness of the non-magnetic metal film increases, while
the non-magnetic metal film thickness at which a coupling force that produces
antiferromagnetic coupling reaches a maximum depends on the electronic structure

and crystalline orientation of the employed non-magnetic metal. Further, an

anisotropic magnetic field Hk, which serves as a parameter for evaluating the



and crystalline orientation of the employed non-magnetic metal. Further, an anisotropic magnetic field
HK, which serves as a parameter for evaluating the 2 characteristics of the soft magnetic backing
layer, is determined by a saturation magnetization Ms and the film thickness of the soft magnetic
material, the coupling force between the backing layers, or in other words the film thickness of the
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magnetic field from the soft magnetic backing layer, of the writing magnetic field of

the head, poses a great problem. To prevent adjacent track erasure, it is effective to
increase the Hk of the soft magnetic backing layer.

The Hk value of the soft magnetic backing layer varies mainly in accordance
with the values of the film thickness of the aforementioned non-magnetic metal layer,
the Ms and film thickness of the soft magnetic material, and so on. Further, the Hk
of the soft magnetic backing layer varies according to the formation process and layer
configuration, and a method of forming antiferromagnetic thin films on the upper
layer and lower layer of the soft magnetic backing layer and using exchange coupling
to pin the magnetizations thereof, for example, has been proposed as means for
increasing the Hk from the structure surface. However, to obtain a sufficiently large
Hk, complicated and expensive methods, such as performing heat treatment for
several minutes to several hours following deposition or laminating together
numerous soft magnetic layers and antiferromagnetic layers, must be employed, and

therefore at present, many problems relating to productivity remain to be solved.

SUMMARY OF THE INVENTION

The present invention has been designed in consideration of the existence of



numerous soft magnetic layers and antiferromagnetic layers, must be employed, and therefore at
present, many problems relating to productivity remain to be solved. SUMMARY OF THE INVENTION
The present invention has been designed in consideration of the existence of 3 these problems, and it
is an object thereof to provide a perpendicular magnetic recording medium and a manufacturing
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underlayer, a magnetic recording layer, and a protective film in succession on a
non-magnetic substrate, the backing layer, underlayer, magnetic recording layer, and
protective film are formed by a vapor deposition method, the backing layer is a
laminated body comprising a soft magnetic lower backing layer, a non-magnetic metal
layer, and a soft magnetic upper backing layer, and the non-magnetic metal layer is
formed by forming a metal layer and then subjecting the metal layer to surface
exposure processing using a nitrogen-containing gas containing 0.1 to 100 at%
nitrogen.

A manufacturing method for a perpendicular magnetic recording medium of
the present invention comprises: a soft magnetic backing layer forming step for
forming a soft magnetic lower backing layer and a non-magnetic metal layer in order
on a non-magnetic substrate using a vapor deposition method, subjecting a surface of
the formed non-magnetic metal layer to surface exposure processing using a
nitrogen-containing gas containing 0.1 to 100 at% nitrogen, and then forming a soft
magnetic upper backing layer thereon using a vapor deposition method; a
non-magnetic underlayer forming step for forming a non-magnetic underlayer on the
formed soft magnetic backing layer using a vapor deposition method; a magnetic

recording layer forming step for forming a magnetic recording layer on the formed



on a non-magnetic substrate using a vapor deposition method, subjecting a surface of the formed
non-magnetic metal layer to surface exposure processing using a nitrogen-containing gas containing
0.1 to 100 at% nitrogen, and then forming a soft magnetic upper backing layer thereon using a vapor
deposition method; a non-magnetic underlayer forming step for forming a non-magnetic underlayer on
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magnetic recording medium according to the present invention; Fig. 2 is a view showing a hysteresis
loop of & pq%%ﬁﬂggghbaﬂt\fa%t&stics, can be obtained without the need for a special layer

configuration. Further, according to the manufacturing method of the present
invention, a high performance perpendicular magnetic recording medium can be
manufactured with no accompanying cost increases, and hence this manufacturing

method is highly suitable for mass production.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional pattern diagram showing an embodiment of a
perpendicular magnetic recording medium according to the present invention;

Fig. 2 is a view showing a hysteresis loop of a partial model body of a
perpendicular magnetic recording medium obtained in a first comparative
experimental example; and

Fig. 3 is a view showing a hysteresis loop of a partial model body of a

perpendicular magnetic recording medium obtained in a first experimental example.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention will be described below with reference to the
drawings.

Fig. 1 is a sectional pattern diagram showing an embodiment of a



perpendicular magnetic recording medium obtained in a first comparative experimental example; and
Fig. 3 is a view showing a hysteresis loop of a partial model body of a perpendicular magnetic
recording medium obtained in a first experimental example. DESCRIPTION OF THE PREFERRED
EMBODIMENT The present invention will be described below with reference to the drawings. Fig. 1 is

a sectional patiern;diagram,showing.am erhasiment of & Relepriculprmagnstic recording medium

according to the present invention. The perpendicular magnetic recording medium of the present

invention is structuigd sueh At ableASLAGRIRAMRGIC RAGIRIJRYRE Hra0aNmagRGHG underlayer

5, a magnetic recording’layer 6, and a protective film 7 are laminated in” sequence on a non-magnetic

substrate 1.and ipes4AMRlE PR Figal rﬁagﬁgfﬂ; IYRUGANONRYE 8 IS R&H%’E&agcthe

protective film 7. The soft magnetic backing layer 9'is a laminated body comprising a soit magnetic

lower backingdayey.2. £ M Magnels Fasial BXeTs3 A8t sl MASREHicpRaL Ragking fgver 4. The

non-magnetic metal layer 3 is formed by forming a metal layer and then subjecting the metal layer to

surface expeR RPN AR A.IAB FRRAININ TR ANCRSIPIR 19g! 5 Hegfdin @ tpical

magnetic recording medium may be employed as the non-magnetic substrate 1 of the present
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glass substrate, and a Crystallized glass substrate.

layer 9 is a laminated body comprising a soft magnetic lower backing layer 2, a
non-magnetic metal layer 3, and a soft magnetic upper backing layer 4. The
non-magnetic metal layer 3 is formed by forming a metal layer and then subjecting
the metal layer to surface exposure processing using a gas containing nitrogen.

Any substrate that is used in a typical magnetic recording medium may be
employed as the non-magnetic substrate 1 of the present invention, and specific
examples thereof include an NiP-plated aluminum alloy substrate, a reinforced glass
substrate, and a crystallized glass substrate.

The non-magnetic underlayer 5 used in the present invention is provided to
control the crystalline orientation and grain size of the magnetic recording layer 6, and
Ru or an alloy containing Ru may be used as the metal of the non-magnetic
underlayer.

A ferromagnetic material of an alloy containing at least Co and Cr is
preferably used as the magnetic recording layer 6 of the present invention. In the
alloy, the ¢ axis of the hexagonal close-packed structure is preferably oriented in a
perpendicular direction to the film surface.

The protective film 7 may be formed from any material having the required
mechanical strength, heat resistance, oxidation resistance, corrosion resistance, and so

on, and when a conventionally used material is employed, there are no particular



The non-magnetic underlayer 5 used in the present invention is provided to control the crystalline
orientation and grain size of the magnetic recording layer 6, and Ru or an alloy containing Ru may be
used as the metal of the non-magnetic underlayer. A ferromagnetic material of an alloy containing at
least Co and Cr is preferably used as the magnetic recording layer 6 of the present invention. In the
alloy, the ¢ g gldhe henpagnal clpsspadkedhSHusire inRIRiGTablaeRIEq R Rerpepdicular
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constitutional elements of the soft magnetic backing layer 9. The optimum film
thickness values of the soft magnetic lower backing layer 2 and soft magnetic upper
backing layer 4 vary according to the structure and characteristics of the magnetic
head used for recording, but in consideration of productivity, these values are each
preferably set between 10 and 500 nm.

The easy magnetization axes of the soft magnetic lower backing layer 2 and
soft magnetic upper backing layer 4 must be coupled parallel to the substrate surface
and oriented 180° from each other. The reason for this is that when the
magnetizations of the soft magnetic lower backing layer 2 and soft magnetic upper
backing layer 4 sandwiching the non-magnetic metal layer 3 are coupled in
antiparallel and antiferromagnetically, the orientation of the magnetizations does not
vary even if an external magnetic field equal to or lower than the coupling strength
thereof is applied. In other words, a domain wall is not generated in the soft
magnetic layer, and the generation of spike noise can be suppressed.

A material having any metal of Cu, Ru, Rh, Pd, and Re or an alloy thereof as
a main constituent may be used as the non-magnetic metal layer 3. The film
thickness of the non-magnetic metal layer 3 must be selected appropriately such that

the easy magnetization axes of the soft magnetic lower layer 2 and soft magnetic



preferably set between 10 and 500 nm. The easy magnetization axes of the soft magnetic lower
backing layer 2 and soft magnetic upper backing layer 4 must be coupled parallel to the substrate
surface and oriented 180 from each other. The reason for this is that when the magnetizations of the
soft magnetic lower backing layer 2 and soft magnetic upper backing layer 4 sandwiching the
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coupling strepgth is o@t ined.. T R in.a high level of resistance to an external magnetic field,
however, th@ﬂ‘%rrr? a 0|I(1:k(r?rer‘[:sis?ggolfS t%e %%%ﬂsﬁagnetic metal layer 3 is preferably set between 0.1 and 5 nm.

The reason for this ig a5 foigws A the iubigkness. gt e non magnetic metal iaver, 3 jpcreases
gradually from O rim, a coupﬂlng %ere y tﬁe easy mggnetlzatlon aies o}%e Sort agnegc lower
backing laygf ¢,299,30™ MBPRNE WIRAAGIINGY Rl AEARR S Mohe soft magnetic
lower backing layer 2 and soft magnetic upper backing layer 4 are parallel to the
substrate and oriented in the same direction (ferromagneﬁc coupling) and a coupling
whereby the easy magnetization axes are parallel to the substrate surface and oriented
in 180° opposing directions (antiferromagnetic coupling) appear alternately. For
example, when Ru is used as the non-magnetic metal layer 3, the soft magnetic lower
backing layer 2 and soft magnetic upper backing layer 4 are coupled
ferromagnetically within an Ru film thickness range of 0 to 0.3 nm, and are coupled
antiferromagnetically within a range of 0.3 to 12 nm. When the film thickness is
increased further, the soft magnetic lower backing layer 2 and soft magnetic upper
backing layer 4 are coupled ferromagnetically within a range of 1.2 to 1.8 nm, and
coupled antiferromagnetically within a range of 1.8 to 3.0 nm.
The film thickness ranges in which ferromagnetic coupling is achieved and
the film thickness ranges in which antiferromagnetic coupling is achieved differ
according to the metal in use, and therefore, in consideration of cases employing
various different metals, the film thickness for exhibiting antiferromagnetic coupling
is preferably set at no less than 0.1 nm.
The coupling strength of the soft magnetic lower backing layer 2 and soft

magnetic upper backing layer 4 decreases as the film thickness of the non-magnetic



substrate and oriented in the same direction (ferromagnetic coupling) and a coupling whereby the
easy magnetization axes are parallel to the substrate surface and oriented in 180 opposing directions
(antiferromagnetic coupling) appear alternately. For example, when Ru is used as the non-magnetic
metal layer 3, the soft magnetic lower backing layer 2 and soft magnetic upper backing layer 4 are
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floating magnetic field in a hard disk drive.

magnetic backing layer 9 has a non-magnetic metal layer whose surface has been
subjected to surface exposure processing using a nitrogen-containing gas containing
0.1 to 100 at% nitrogen between the soft magnetic lower backing layer 2 and the soft
magnetic upper backing layer 4, an improvement in the anistropic magnetic field Hk
of approximately 200 Oe to 300 Oe can be seen in comparison with the Hk value of a
soft magnetic backing layer having a non-magnetic metal layer that has not been
subjected to this surface processing between the soft magnetic lower backing layer 2
and the soft magnetic upper backing layer 4. When the nitrogen concentration of the
nitrogen-containing gas is less than 0.1 at%, the improvement in Hk is insufficient.
An inert gas such as Ar may be used as a gas component other than nitrogen when the
nitrogen-containing gas is not 100 at% nitrogen. When the nitrogen-containing gas
contains oxygen in addition to nitrogen and an inert gas, the Hk improving effect of
the nitrogen is not inhibited significantly provided the amount of oxygen is less than 2
at%, and therefore the nitrogen-containing gas may contain oxygen.

The processing time of the surface exposure processing using the
nitrogen-containing gas is preferably set between 0.1 and 10 seconds. Below 0.1
seconds, the surface exposure processing effect is insufficient, and above 10 seconds,

no further improvements in the processing effect are obtained, and the cost of the used



The non-magnetic metal layer 3 is subjected to surface exposure processing using a
nitrogen-containing gas containing 0.1 to 100 at% nitrogen. When the soft magnetic backing layer 9
has a non-magnetic metal layer whose surface has been subjected to surface exposure processing
using a nitrogen-containing gas containing 0.1 to 100 at% nitrogen between the soft magnetic lower
backing layer 2 and the soft magnetic upper backing layer 4, an improvement in the anistropic
magnetic figfeh Il—lillgr%afsgspproximately 200 Oe to 300 Oe can be seen in comparison with the Hk value of
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Furthermore, the atmosphére of the surface exposure processing is era

deposition. In other words, sputtering, vacuum deposition, and CVD may be cited as
vapor deposition methods. DC (direct current) magnetron sputtering and RF
(radiofrequency) magnetron sputtering may be cited as sputtering methods.

When a plurality of layers are to be formed using vapor deposition, all of the
layers may be formed by the same vapor deposition method, or a different vapor
deposition method may be selected for each layer to be formed. In other words, any
of sputtering, vacuum deposition, and CVD, or a combination of two or more thereof,
may be employed as the vapor deposition method.

Next, a manufacturing method of the perpendicular magnetic recording
medium according to the present invention will be described.

First, the manufacturing method of the present invention comprises a soft
magnetic backing layer 9 formation process in which the soft magnetic lower backing
layer 2 and non-magnetic metal layer 3 are formed in order on the non-magnetic
substrate 1 using a vapor deposition method, the surface of the formed non-magnetic
metal layer 3 is subjected to surface exposure processing using a nitrogen-containing
gas containing 0.1 to 100 at% nitrogen, and the soft magnetic upper backing layer 4 is
formed thereon using a vapor deposition method. The materials used for forming the

non-magnetic substrate 1, soft magnetic lower backing layer 2, non-magnetic metal
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set in a pressure range of 3 to 120 mTorr. The backing layer, underlayer, magnetic recording layer,
and protective film are formed by a vapor deposition method. Examples of vapor deposition methods
include physical vapor deposition and chemical vapor deposition (CVD), and examples of physical
vapor deposition methods include sputtering and vacuum deposition. In other words, sputtering,
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manufacturipg eihadef 1be Remangioular seRons i eising, Mg AGSRAIAEG 1B resen

invention will be described. First, the'manufacturing method of the present invention comprises a soft

magnetic bacingael: TR RIBRasR VBl heop B AORRIGINNGE RaclRRuaker 2 and

non-magnetic metal layer 3 are formed in order on the non-magnetic' substrate | using a vapor

deposition method, the Srtacs,85 0% JOIMEdNeNIMAYRSYG MRl aYeh s Sepiggied fg,gurface

exposure processing using a nitrogen-containing gas containing 0.1 to 100 at% nitrogen, and the soft

magnetic URBRLRRGHINGAYRS &i5mBHDSHEAR kA AARY Aenaslionmehogadipmaterial

used for forming the non-magnetic substrate 1, soft magnetic lower king layer 2, hon-magnetic

metal recording medium.

Further, the manufacturing method of the present invention comprises a
non-magnetic underlayer formation process for forming the non-magnetic underlayer
5 on the soft magnetic backing layer 9 formed in the manner described above using a
vapor deposition method. The materials used for forming the non-magnetic
underlayer 5 are as noted above in the description of the perpendicular magnetic
recording medium.

The manufacturing method of the present invention further comprises a
magnetic recording layer formation process for forming the magnetic recording layer
6 on the non-magnetic underlayer 5 formed in the manner described above using a
vapor deposition method. The materials used for forming the magnetic recording
layer 6 are as noted above in the description of the perpendicular magnetic recording
medium.

The manufacturing method of the present invention further comprises a
protective layer formation process for forming the protective film 7 on the magnetic
recording layer 6 formed in the manner described above using a vapor deposition
method.

The vapor deposition methods employed in the manufacturing method of the

11



10 layer 3, and soft magnetic upper backing layer 4 are as noted above in the description of the
perpendicular magnetic recording medium. In this manufacturing method, the film thickness of the soft
magnetic lower backing layer is preferably between 10 and 500 nm, the film thickness of the
non-magnetic metal layer is preferably between 0.1 and 5 am, and the film thickness of the soft

magneti UBRRChAGHIAN Y AHJ3 PIEIEIEbl Dot R0 0. GO0, Thstaraansgpiz e as noted

above in the description of the perpendicular magnetic r Further, the manufacturing
method of t&%&r(ﬁﬁ%%t‘éqm;ion comprises a non-magnetic underlayer formation process for forming
the non-magnetic uhderlayer 5 on the soft magnetic backing layer 9 formed in the manner described

above using a vangs depasiion LA e TaIETRsHPSR A BTN AS,RAURgRRG underlayer

5 are as noted above In the descrip the perpendicular magnetic fec g medium. The

manufacturifg, meiiaad.of (s &r eseRi NSRS COMRISES AqMAYNGHEFRIRIRINg Igyer formation
I r5

process for forming the maghetic recording layer 6 on the non-magnetic underlay ormed in the

manner desggibadghave Hing 3o ¥ARPTdeRosiiAR T eer I RALer AR sRA AL IoIRIng the

magnetic recording layer 6 are as noted above In the description of the perpendicular magnetic

recording ey Hs BepuRciungREledAl eprese i IGrien s GREsA protective

layer formation process for forming the protective film 7 on the magneti

example, may be employed to form the liquid lubricant layer.

Examples
The perpendicular magnetic recording medium and manufacturing method
thereof according to the present invention will be described in further detail below

using experimental examples.

First experimental example

A chemically strengthened glass substrate having a smooth surface (N-5 glass
substrate, manufactured by HOYA) was used as the non-magnetic substrate 1. After
being washed, the substrate was introduced into a sputtering apparatus, and using a
Co85Zr10NbS target, a CoZrNb amorphous soft magnetic lower backing layer 2 was
deposited at 110 nm using a DC magnetron sputtering method. Next, using an Ru
target, an Ru non-magnetic metal layer 3 was deposited at 0.8 nm using a DC
magnetron sputtering method.

Next, using Ar gas containing 10 at% nitrogen gas (Ar-10%N, gas), the
surface of the Ru non-magnetic metal layer 3 was subjected to nitrogen exposure
processing for 3 seconds in an atmosphere of 10 mTorr. Then, again using a

Co85Zr10NDbS target, a CoZrNb amorphous soft magnetic upper backing layer 4 was

12



recording layer 6 formed in the manner described above using a vapor deposition method. The vapor
deposition methods employed in the manufacturing method of the 11 present invention are as noted
above in the description of the perpendicular magnetic recording medium. The manufacturing method
of the present invention may be provided with a liquid lubricant layer formation process for providing

the liquid Iugrican% Ig%?r on the roﬁetive film 7 formet:d in the anne e§cribed aboxée. The
. 63851 90 nm u 1n%a magnetron sput eI&l‘lé ctno X1, usSing a carbon
aforemention ubricant may beused as adubricant, an Ip-coat method or Spin coat method, for

example, may ¢ elaredio fam she, Iuiddubricant [aver Bxamples Fhe RerbgRdicylar magnetie
recording medium and manufacturing metho ereof according to the present invéntion will be

described in furtrégogletsallllﬁgglll%w usg&l%(clex%eﬁé%%ng%l exam Iesfulr:érst exp%%rrg\elgéal xample A

chemically §Iilraegr?g ened glass %uglstrate’havmg 8mooth Surface (Kf?g gfass subs Pé]ile, Manufactured

by HOYA) wasised. as ey ian ragnefiosybsiiale i after helnguashed dhe sybstiatg yas

introduqed irfto aesrpl)‘(fr{tt INg apparatus, and.usmg a : target, a Co amqnyphous soft
et oy NFIRRING Lok ASIOied o 410 K088 DG TRRLSURD RN e
magnetron %8896&“ g H}ﬁghs%giped perpendicular magnetic recording medium having neither a
non-magnetic underlayer nor a magnetic recording layer was created.
Note that the film thickness of the non-magnetic metal layer was selected
such that the Hk value of the soft magnetic backing layer reached a maximum, and to
verify the increase or decrease in Hk according to the application of the nitrogen
exposure process, the film thickness of the non-magnetic metal layer was made
identical in each experimental example, including a comparative experimental
example.
Fig. 3 shows the results obtained when a hysteresis loop of the obtained
medium in a hard magnetization axis direction (radial direction) was measured using a
vibration sample magnetometer (VSM). In the hard axis direction hysteresis loop,
the Hk value of the soft magnetic backing layer is determined as the value (Oe) of the
applied magnetic field when magnetization is saturated. The Hk value of the
perpendicular magnetic recording medium according to the first experimental

example was determined to be 754 Oe.

Second experimental example
In the nitrogen exposure process, exposure was performed for 10 seconds
using Ar-0.1%N, gas. Otherwise, a partial model body of a disk-shaped

perpendicular magnetic recording medium having neither a non-magnetic underlayer

13



Next, using Ar gas containing 10 at% nitrogen gas (Ar-10"/%N2 gas), the surface of the Ru
non-magnetic metal layer 3 was subjected to nitrogen exposure processing for 3 seconds in an
atmosphere of 10 mTorr. Then, again using a Co85Zr10Nb5 target, a CoZrNb amorphous soft
magnetic upper backing layer 4 was 12 deposited at 90 rim using a DC magnetron sputtering method.

Next, using &?aéb%{‘agﬁeﬁ g@@@g&gﬂ%@éﬂ%@%&% cabNWATfeRaRlied & LQ mMping a DC

magnetron sputtering n the structure was removed from the sputtering apparatus.

Next, a 2 ick liquj icati itut I { i
i cont metioH T T il o By B 2R e eI Ccoring

medium hayig ASIe! a4, DM IPAGRE VR RSIRNSH DR A BNl (Rearing, ayep wag greated. Note

that the filmt ess 0 on-magnetic metal layer was selected such that the Value of the soft

magnetic bqgﬁ% ﬁﬁrtﬁ%‘?gﬁﬂté‘ (gpﬁ{g@We&%gﬁegxﬁé%ﬁ%@igcrease or decrease in Hk according to

the applicatio e nitrogen exposure proc ness of the non-magnetic metal layer
was made identical in each experimental example, including a comparative experimental example.
Fig. 3 shows the results obtained when a hysteresis loop of the obtained medium in a hard

magnetization axis gi %ti é;ﬂ,glﬁgtglr&% )ewas measured using a vibration sample magnetometer
(VSM). In the hard g(ﬁs di%}c’:tion ysteregll%qoop, the Hk value of the soft magnetic backing layer is

determined as the v, (Re) o1, ARRIPMALNGHE fel WhsMagRizaiop fisaiuatgd: The Hk

value of the

partial model body of a disk-shaped perpendicular magnetic recording medium having
neither a non-magnetic underlayer nor a magnetic recording layer was created in a
similar manner to the first experimental example. The Hk value was determined in a
similar manner to the first experimental example using the obtained medium. The
results are shown in Table 1 together with the results of the first experimental

example.

Fourth experimental example

In the nitrogen exposure process, Ar-10%N,-2%0; gas with added oxygen
was used. Otherwise, a partial model body of a disk-shaped perpendicular magnetic
recording medium having neither a non-magnetic underlayer nor a magnetic recording
layer was created in a similar manner to the first experimental example. The Hk
value was determined in a similar manner to the first experimental example using the
obtained medium. The results are shown in Table 1 together with the results of the

first experimental example.

First comparative experimental example

A nitrogen exposure process was not performed. Otherwise, a partial model

14



perpendicular magnetic recording medium according to the first experimental example was
determined to be 754 Oc. Second experimental example In the nitrogen exposure process, exposure
was performed for 10 seconds using Ar-0. | %N2 gas. Otherwise, a partial model body of a
disk-shaped perpendicular magnetic recording medium having neither a non-magnetic underlayer 13

nor & magngi SqOICIGISS AR HEERiRd i & INIAL MAINALYP he (ISt IEXRRIERal gxample. The

Hk value was determine similar manner t Irst experi example Tsing the obtained

medium. Tiie fesis e Shaw - Talle, JagRlier Wil el AL e dish Siperiggip! example

Third experimental"example 100% N2 gas was used in t gen exposure process. erwise, a

partial mod%;}& t%ﬂﬁe%%ﬁ?@ﬁ%%&%?%ﬂ@r magnetic recording medium having neither a

non-magnetic underlayer nor a'magnetic recording layer was created in a similar manner to the first

experimental exami, Hheyivalie B IEIUTIA LA FTIRRANISE O R {Ish Gipgrimenta

example using the obtained medium. The results are shown ih Table I to e results of the

first experimedigl. CxAplenda-HhEXREAHRANIRl 4RI ”(f%ﬂ“&%%eqoﬁqgggygg@g%%%ﬁs'

Ar-10%N2-2%02 gas with ad ygen was used. Otherwise, a partia a disk-shaped

P:ggfdr:glgcu I@srﬁ%azg 0%&16%%’2{%% 'iﬁ‘igﬁ%{HrH&‘é{“g/%g;fper f‘h@qlikr%ﬁ{ée&ﬂﬂg %%%%,1 885 Ia magnetic
magnetic recording medium of the first comparative experimental example was

determined to be 398 Oe.

First example

Similarly to the first experimental example, the CoZrNb amorphous soft
magnetic lower backing layer 2 and the Ru non-magnetic metal layer 3 were
laminated onto the non-magnetic substrate 1 constituted by a chemically strengthened
glass substrate (N-5 glass substrate, manufactured by HOYA), and the surface of the
Ru non-magnetic metal layer 3 was subjected to nitrogen exposure processing,
whereupon the CoZrNb amorphous soft magnetic upper backing layer 4 was
deposited. Ta was then deposited at 6nm on the soft magnetic backing layer 9
obtained in this manner in a sputtering apparatus using a DC magnetron sputtering
method to form the non-magnetic underlayer 5, and Co77Cr9Pt10SiO4 was
deposited thereon at 20 nm as the magnetic recording layer 6. Next, similarly to the
first experimental example, the carbon protective film 7 was formed on the magnetic
recording layer 6, whereupon the liquid lubrication layer 8 was formed from
perfluoropolyether, and thus the disk-shaped perpendicular magnetic recording
medium was obtained. The SN ratio of the obtained perpendicular magnetic

recording medium is shown in Table 1.
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layer was created in a similar manner to the first experimental example. The Hk value was determined
in a similar manner to the first experimental example using the obtained medium. The results are
shown in Table | together with the results of the first experimental example. First comparative
experimental example A nitrogen exposure process was not performed. Otherwise, a partial model 14
body of a disk-shaped perpendicular magnetic recording medium having neither a non-magnetic
underlayer nor a magnetic recording layer was created in a similar manner to the first experimental

example. Fig. 2 Sh%%&ﬁ@&?%ﬂ%%ﬁ}ﬁ@sﬁ“ﬁ%? &ﬁ%ﬁﬁ@@%}@%l@f the obtained medium in the hard

magnetization axis direction (radial direction) was measured using a vibration sample magnetometer

(VSM). The Hk valupaf the Rerpendicular, meaonelicrerardingimegiumof doe, fistsompagptive

experimental example was determined to be 398 Oe. First example Similarly to the first experimental

example, the, GazrNb AmAINNQUSSafLMAASIRIpNSRaTinmIayer 2 anditheRy,Bor; Magnetic metal

layer 3 were laminated onto the non-magnetic substrate | constituted by a chemically strengthened

glass substigte (N;5 lasseystratenapuag el iHQY MveRdiths SHHRsE.RAthe. RY

non-magnetic metal layer 3 was subjected to nitrogen exposure processing, whereupon the CoZrNb

am°rph0USc%?ﬁ&»ﬁl@ﬂ@@t&b%ﬂﬁ&ﬁ@f?'éBUﬂﬂBbée(v%r‘é’%llg%iéﬁsﬂﬁ%aﬁao‘ﬁ’ﬁ%eﬂ}ﬁé‘t depesiicg,at 6nm on the

soft magnetic backing layer
example. The SN ratios of the obtained perpendicular magnetic recording media are

shown in Table 1.
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obtained in this manner in a sputtering apparatus using a DC magnetron sputtering method to form
the non-magnetic underlayer 5, and Co77Cr9Pt10SiO24 was deposited thereon at 20 nm as the
magnetic recording layer 6. Next, similarly to the first experimental example, the carbon protective film
layer 6, whereupon the liquid lubrication layer 8 was formed

7 was formed on the magnetic reco
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It can be seen from a comparison of the first experimental example and the
comparative experimental example that by performing the nitrogen exposure process,
an improvement in Hk of approximately 1.9 times is obtained. In other words, the
Hk can be increased using a simple method merely involving nitrogen exposure
processing, without the need for complicated and expensive methods.

Further, it can be seen from Table 1 that as the nitrogen concentration of the
exposure processing gas for exposing the surface of the non-magnetic metal increases,
the Hk of the soft magnetic backing layer improves. For example, the Hk of the
perpendicular magnetic recording medium of the third expérimental example, in
which exposure processing is performed using 100% nitrogen gas, is 791 Oe, which is
approximately twice that of the comparative experimental example and the highest
value in Table 1. Note that no differences in Hk were found within a
nitrogen-containing gas exposure processing time range of 0.1 to 10 seconds.

Further, it is evident from the fourth experimental example that even when
the nitrogen-containing gas used for exposure processing contains oxygen, a
nitrogen-induced Hk improving effect can be exhibited.

Further, it was found from the first to fourth examples and the first
comparative example that as the Hk value of the soft magnetic backing layer increases,
a steadily more favorable SN ratio is obtained. For example, in comparison with the
first comparative example, in which nitrogen exposure is not performed, the third
example, in which 100% nitrogen gas is used, exhibits an improvement of
approximately 1.0 dB in the SN ratio.

According to the present invention, an increase in Hk can be achieved using a

simple process of subjecting the surface of the non-magnetic metal layer to nitrogen
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zQH~U)vaxx vwHLw'w 17 It can be seen from a comparison of the first experimental example
and the comparative experimental example that by performing the nitrogen exposure process, an
improvement in Hk of approximately 1.9 times is obtained. In other words, the Hk can be increased
using a simple method merely involving nitrogen exposure processing, without the need for

complicated,and EXREASIVE MG ARS nEL RS AL ERB R Re IRk dhat @S ds-Ditgen

concentration of the exposure processing gas for exposing the surface of the non-magnetic metal

increases, hesHit of e it MRARCUGPAGKINGIPYES IUMOVRS ERUEXRMAIRHNES Il OFNG

perpendicular magnetic recording medium of the third experimental example, in which exposure
processing |5 RRIAERSHHdSInd, 109V 0IRARE BRSidhrioving thiVRIRh IR AR IRBEY; diige that of the
comparative experimental example and the highest valuein Table 1. Note that no differences in Hk
were found yithin@ RILRERR GRIMAIING gas exposure processing time range of 0.1 to 10 seconds.
Further, it is evident from the fourth experimental example that even when the nitrogen-containing gas
used for exposure processing contains oxygen, a nitrogen-induced Hk improving effect can be
exhibited. Further, it was found from the first to fourth examples and the first comparative example
that as the Hk value of the soft magnetic backing layer increases,
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a steadily more favorable SN ratio is obtained. For example, in comparison with the first comparative
example, in which nitrogen exposure is not performed, the third example, in which 100% nitrogen gas
is used, exhibits an improvement of approximately 1.0 dB in the SN ratio. According to the present
invention, an increase in Hk can be achieved using a simple process of subjecting the surface of the
non-magnetigynetal|laygita nitrogen 18 gas exposure, without the need for a special layer
configuration, and therefore the present invention incurs substantially no cost increases, is suitable for

mass production, and is usgfykas Reans fimerevBG G ShealinPfaReiPsndiskas magnetic

recording medium. 19 What is claimed is: 1. A perpendicular magnetic recording medium formed by

laminating gt irast 3 SQfkMAGARIR PRENNMLIAXFE 2 NIARAABRNSURAREAYRY, 2:MAYRRLG, recording

layer, and a protective film in succession on a non-magnetic substrate, whéerein said backing layer,

said underlyes, &R YaYRRIG 5eRLARG dAvah andsideate rlbvendidgharie {apagddy a vapor

deposition method, said backing layer is a laminated body comprising a soft magnetic lower backing

layer, a non-magnetic metalgyes, 208 B RAP IR UG HPRRIPRGKING RSl A $8ld a1y magnetic

metal layer is formed by forming a metal layer and then subjecting said metal layer to surface
exposure pieaSaiPsdrIfdective film are formed by a vapor deposition method,

said backing layer is a laminated body comprising a soft magnetic
lower backing layer, a non-magnetic metal layer, and a soft magnetic upper backing
layer, and

said non-magnetic metal layer is formed by forming a metal layer
and then subjecting said metal layer to surface exposure processing using a

nitrogen-containing gas containing 0.1 to 100 at% nitrogen.

2. The perpendicular magnetic recording medium according to claim 1,
wherein said vapor deposition method is any one of a sputtering method, a vacuum

deposition method, and a CVD method, or a combination of two or more thereof.

3. The perpendicular magnetic recording medium according to claim 1
or 2, wherein a film thickness of said soft magnetic lower backing layer is between 10
and 500 nm, a film thickness of said non-magnetic metal layer is between 0.1 and 5
nm, and a film thickness of said soft magnetic upper backing layer is between 10 and

500 nm.

4. The perpendicular magnetic recording medium according to any one

of claims 1 to 3, wherein said non-magnetic metal layer is formed from a material
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nitrogen-containing gas containing 0.1 to 100 at% nitrogen. 2. The perpendicular magnetic recording
medium according to claim 1, wherein said vapor deposition method is any one of a sputtering
method, a vacuum deposition method, and a CVD method, or a combination of two or more thereof. 3.
The perpendicular magnetic recording medium according to claim 1 or 2, wherein a film thickness of

said soft magnRcWEEBRGKD ek ip BEERR Q.00 ALk ATIThisknes Al sald

non-magnetic métallayer is between 0. and 5 rim, an ickness of said soft magnetic upper
backing layer is between 10 and 500 nm. 4. The perpendicular magnetic recording medium according
to any one of claims | to 3, wherein said non-magnetic metal layer is formed from a material 20

having any metal oCu, R“A%af&g&ﬂﬁ&en%?o% %Qyéﬁi%%kcﬁéﬁam?A’élg%%'ﬁ%t_i%%}tdix?ﬁ';‘n agnetic

manufacturing method for a perpendicular magnetic reco medium, comprising: a so
backing Iay&%{gﬁmir&&wsf%zforming a soft magnetic lower backing layer and a non-magnetic metal
layer in order on a’ non-magnetic substrate using a vapor deposition method, subjecting a surface of

said formed non-magnetice{ngéﬁl I%%%g%ggﬁﬁlﬁxpd%yr%pﬁ%%sg&g lfg}ngoﬂnfggggeﬁﬁontaining

gas containing 0.1 to 100 at% nitrogen, and then forming a soft magnetic upper ing layer thereon

using a vapgr deppsifignmeiash 2 RaRsmagNelicURIRHAYAISORBIAG ISR fof fFRpipd.d nen-magnetic
underlayer on'said formed soft magnetic backing layer using a vapor deposition
non-magnetic substrate using a vapor deposition method, subjecting a surface of said
formed non-magnetic metal layer to surface exposure processing using a
nitrogen-containing gas containing 0.1 to 100 at% nitrogen, and then forming a soft
magnetic upper backing layer thereon using a vapor deposition method;

a non-magnetic underlayer forming step for forming a non-magnetic
underlayer on said formed soft magnetic backing layer using a vapor deposition
method;

a magnetic recording layer forming step for forming a magnetic
recording layer on said formed non-magnetic underlayer using a vapor deposition
method; and

a protective film forming step for forming a protective film on said

formed magnetic recording layer using a vapor deposition method.

6. The manufacturing method for a perpendicular magnetic recording
medium according to claim 5, wherein said vapor deposition method is any one of a
sputtering method, a vacuum deposition method, and a CVD method, or a

combination of two or more thereof.

7. The manufacturing method for a perpendicular magnetic recording
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method; a magnetic recording layer forming step for forming a magnetic recording layer on said
formed non-magnetic underlayer using a vapor deposition method; and a protective film forming step
for forming a protective film on said formed magnetic recording layer using a vapor deposition
method. 6. The manufacturing method for a perpendicular magnetic recording medium according to
claim 8, whefgif SRisuaReHH EPQRANITRIRCG A Qnefl i SBile o e DAt nRayae L™
deposition method, and a CVD method, or a’ combination of two or more thereof. 7. The

manufacturigg, (ethesh{Pl.3hesRRAIGHAIMAS %ﬁm,cgﬁmhmgyma@&ﬁemm%gﬁ%&@im Sors,
500 nm, a film

wherein a film thickness of said soft magnetic lower backing layer is between 10 an

thickness of, xaid R9B MAPGLE WALy nis DRIYERM ChiliaRdsS PR ABcka{Ugn LiCidppes of said soft

magnetic upper backing layer is between 10 and 500 nm. 8. The manufacturing method for a

perpendiculg magnelis feserding 1ediuanaceRrding to any one of claims 5 to 7, wherein said
non-magnetic metal layer is formed from a material having any metal of Cu, Ru, Rh, Pd, and Re, or

an alloy thereof, as a main constituent. 22
8. The manufacturing method for a perpendicular magnetic recording
medium according to any one of claims 5 to 7, wherein said non-magnetic metal layer
is formed from a material having any metal of Cu, Ru, Rh, Pd, and Re, or an alloy

thereof, as a main constituent.
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