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. Descripti%ﬁi,m_@@i@gl@rt deéWearsWWr mgg/fﬁgmﬁgordingﬁﬁs gained
in

attention over conventional longitudinal magnetic recording as a technique for increasing the density of
magnetic f%PA‘fliﬂﬂv ACT@@@&&ﬁQiﬁﬁ@ﬁ%@ﬁcording 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 causespielemsItRIBREPGIS Hay Piggnsiic 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 glosure domain isOgReLaigH in order to reduce the magnetostatic energy on the inner and
outer peripheral portions of the soit magnetic layer. In a soft magnetic layer having an adequate film

thickness for practicp applicaionvdhgiamainwalh pkssaRInsh ommeAnesinaR SR iates in the

film thickness direction within the domain wall, perpendicular direction poles appear at the upper and

lower ends %&@ﬂ%ﬂ&%lg CRUBPRQISSE  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



Hence, to reduce noise in a perpendicular magnetic recording medium, the formation of a domain wall
on the inner and outer peripheral portions of the soft magnetic layer must be prevented. 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
antiferromagngtically so .qriented 180 from o] xg oviding.a non- negic metal
between thge s(,l‘?ol t%r%%g%g ceégsé a?rll%éi%f/} s(@;ﬁée\l%nag%%é%% r;{leIlf ér(ﬁ%%eéaigt%ﬁ? Sp%ﬁﬁa%g%%ublication
H1-128226 and J Upexamipe t ication Publicati 7894 r example), and
when the sﬁ%%%gggeta egsfa Jgés%%%eg%? t%%n%ﬁ%ev lr%%ggr{?et%%%%iﬁgﬁiﬁﬁ% %%%Sal%%‘ed with the
cireumfereryigl fitgcliniclibs WkashaRed sbaliae cindas Al cRdyile ganelien A g domain wal
that causes'noise can be supgressed. In a backing layer having the above structure, in which a
nor-magney seauile AR R EAMLMAONEShAGKING BV Bl cRl gl
(exchange Egm%kr%agnet%ﬂe?%a}ﬁ,acts betwezvg tﬁég g Tt maﬂgln%tic ﬁg{c%?llw g%e?'gpgﬁénuates ina

vibrating m%@ﬂ%r gli:e‘-vh_vﬁlc @F@nﬁ%}bﬁ@) (-)mhgigr{%ﬁ %%lég:tl igé:reases, while the non-magnetic

metal film thickne a coupling force that produces erromagnetic coupling reaches a

maximum depends e gle ic ctur stalli ' ] . g e

non-magnetic metal. Igzrbtérlct:hgé %gaagr‘%isng)tt{r%p%}c{ f%géglﬁé%%ﬁgé&n&%%ﬁ% {gg(r)\?é% slg aﬁ%%m%%er for
evaluating tﬁg gn risf t o] i [ ] e mmgg atyeation
magnetization Ms%rﬁg)tfh%a ?l?r% %}chlfrz]igsgngﬁgg ﬁs}%)gfrtbrﬁl% ﬁgtf!c? ?ﬁ%‘tgﬁ%?ﬁﬂ{;e coupl%%%c%itween the

backing lay i i ickness of the non-magnetic metal layer, and so on.
R G s e

When provi quality pe ular magnetic recording medium, a phenomenon (adjacent

track erasure) wherahy, agdiagent reeerding Jaiaah Wian RS s ResBResiRimed hegome

gradually smaller due to the effects of a return magnetic field from the soft magnetic backing layer, of

the writing ryagne g ofsAndeartoRsRS  SURALRIARIRILIER REGYGAL Arlace! fackerasure, itis

effective to increase the Hk of the soft magnetic backing layer. The Hk value of the soft magnetic

backing layer yaries mainly in acgprdance with, the v f e fijnthickngss of the afarementioned
non-magne%gﬂmef%ﬁ%i/er, %ff%n%/ls an§ ?ilr%l\lt,ﬁllcﬁr%eﬁs}s of t (éal%oitt1 r%a%]rsleﬁc ma?e(r)?é , and s?% on. Further,
the Hk of the soft magnetic backing layer varies according to the formation procgess and layer
configuratio?{0 and %{gr%g?ﬁgrd o¥f8rrm‘|(§d2]{n§r1t?fenr(r)8frr1naa ngﬂg tﬁ}ﬁ{%\ln?g{(gvne ?He%%psgrﬁlarf/lg a%l(ljeiower layer
of the soft ma %%ﬁ?y%%s',"gs%é%%eaﬁe”s% tﬂ%@&%ﬁ?&‘@%%CP%@%J&%%@&%?&“%E@EQé‘ﬁgthereOf' for
example, has been proposed as'means Tor increasing the rom the structuré surface. However, to
obtain a sufficieniy \auge ik complicaled,and. supansive melads. sydkaspedorping gt treatment

for several minu 0 several hours following deposition or laminating together numerous 'soft

magnetic layers and antiferro, tic layers, must be empla e%ha d therefare af,pre , many

problems re%gﬁvg‘}%ngr%dﬁu&f&?%&%g%g?natélf)’i(e Ss?;art\)/% °§8ﬁ%}&3{& 6&%@%@%‘\1&&&\}%e present

invention has bef;n dgs&%}e in consi I‘at{OI’f 8f the existence ofk tl?lese ro I(tan”{s, and it is an object
are.g l%le € clircumicerentia 1re8 10n O Jl‘le disk- apcd supstraig, an asha

thereof to provide=a perpendicular magnetic recording medium and a‘manufacturing method thereof

with which thee 1IRrrtrlgattlon of go%oor?glgovr\ﬁal.l in aﬁ?,);;[l{r(r:\g{%réetlc .backlngelgxgrr%eslagye to a large external

. . D , U1C Zenera n wal 1S€ €4 .
magnetic field can egsuppressed more Tavorably than in the relate art, of the soft magnetic

backing layer can be further.improved, and productivity can be inc qT - ln aper icular
magnetic recording T;‘Irlleg |ﬁ%lggﬁ?ggﬁr%%‘gﬁgiﬁl\?e%?gﬁ,S&vfﬁf:g i %8%%9%% amina megtjpgtn%%%fza soft
magnetic bagking.layer, a.non-magngtic underlayer,.a magnetic recording layer, an rotective film
in succession (S)ang%%}%?rl\e-arﬁga?r%@ueg s%l?bﬁsglaal%r}?%% He lﬂ‘%g] I%?)%?: El}l%gﬁlé?/@%rﬁé%ﬁe?g Cr%%%%%ing layer,
and pr.Ot.eCt'Xgu(‘gBjﬁ‘ﬁrﬁa%%fgg{éﬂe‘h%gtHat%ﬁ agLon.Iethod, %u*%a\%!?!]?%é eéﬂg ﬁt%@é‘?@s‘ed body
comprising a soft magnetic lower backing layer, a non-magnetic metal layeér, an a soft magnetic
upper backing,ayer, and (he nen-magpels metal aver is formed by Jarming,ametal qygrand then
subjecting the meta?Il a&er {0 Surface exposure processing using a nitrogen-containing gas containing

o i
0.11t0100 a{:h/g rl‘llg)rno-%?a%netic 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



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 ”i”%ﬂ?{lfc%ﬁ&%@ "Srafie %%W%ﬁ?&%%egf& B%&Sf?ga‘i%%él{”%g%te%‘?n%e %&%ﬂ@ép&@&@ﬁt magnetic

upper backing layer thereon using a vapor deposition"method; a non-magnetic underlayer forming step

for forming %Qg{%" QQ&’?‘M&JMF'El‘?é’ﬁ'irﬁWFEQ%QEE“SPtﬁ@%ﬁaﬁ%ﬁ%ﬂ&f&%@iﬂy&%L&Jﬁfh apor

deposition me ; a magnetic recording layer forming step for forming a magnetic recording layer on

the formed el BRANSHC tadBHANR, URI0GE YAPRI depastiBRunathodAna L Rfaleclyq im forming
step for forming a protective film on the tormed magnetic recording layer using a vapor deposition
method. | Acgording to the gmdrg\ée(%i_on, a perpendicular magnetic recording medium in which

the Hk of the soft magnetic backKing layer is high, and which is therefore effective in achieving further

mprovement In the eRAIBAS R s igAlAN perRaisiialife RN AR 20iaHaGT Hikauhine need fora

special layer configuration. Further, according to the manufacturing method of the present invention, a

high perforganee ReRERAGMBRMARRCTLIGE %&{gﬁﬂi i EaN %Mﬁﬁﬁﬁf&?gnwgﬁ}gﬁmass

accompanying cost increases, and hence this manufacturing method is highly suitabl

production. SRIEE RESCRIBTION, OF T RRAMING Smalier e 1S ReGsUaNARRHA R iagram

showing an embodiment of a perpendicular magnetic recording medium according to the present

invention; ., Eigi2 iR el RoWiRgmBYSierssizinom oba arlialmeds! agal apgrapndicular

magnetic recording medium obtained in a‘first comparative experimental example; and Fig. 3isa

view showing aySIe&Ss 19900 el Madakbady,afRdeReidirdiatnaguelefeotding medium
obtained in a first experimental example. DESCRIPTION OF THE PREFERRED EMBODIMENT

The present jnyention.will Be:HeSCHRRIReIQVL YUt Eefgrgnce to the drawings. Fig. 1 is a sectional
f

pattern diagram showing an embodiment of a

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



perpendicular magnetic recording medium according to thc present invention. The perpendicular
magnetic recording medium of the present invention is structured such that at least a soft magnetic
backing layer 9, a non-magnetic underlayer 5, a magnetic recording layer 6, and a protective film 7 are
laminated in sequence on a non-magnetic substrate 1, and in the example shown in Fig. 1, a liquid
lubrication layer & sravidad o the protasive fim. 7, Thessaftmagnatishacking Iayen,de a laminated
body comprising a soft magnetic lower backing layer 2, a hon-magnetic metal layer 3; and a soft
magnetic Uppet hagknaiayelh Thenanmessemataldae:a s (med Bioming ametal layer
and then subjec m&t e metaaﬂayer {o surface éxposure processing using a gas con?amlng nitrogen.
Any S”bs”"’}gfgrﬁ%‘% watbs é”sﬁﬁy%ggﬁéﬂ%%%ﬂ%nre%’r 5'”1%15'%%%%'%‘ 413 Q%ﬁt‘é}% %%%ﬁ?l%t‘}@e

non-magnetic substrate 1 of the presSent invention, and specific exampteés thereof inctude an

NiP-plated %%18“&%%5"%8%@?&5%&)% ri%%%? @Jﬁ%ﬁé“ﬁf?@%@i&%&‘%{?@tﬁ@’ﬁﬁ'”ozfe glasg substrate.
The non-magnetic underlayer 5 used in the present invention is provided to control the crystalline
entati S p . . taining R b
sed s h oy containing
tleast C dCri IG- It f t] tion. In th
oy, the c axis of (1 hes B R e e

drection to M8HTR SRRy I TRERICIERANE 17 iak R UG Tam e aiprle ina the

required mecnanica eat reslstance, oxidationtesistance osion resistance, and so on,

and when a,camentionalisgdmatsiiatis eruBloed. a1 aie0C A sLIal: iiation gn the

material composition’thereof. However, a aving carbon as a main constituent, for example,

can be “Se%ﬁléﬁg%ﬁbﬁg%&@sﬁf%éf%g'X&H&ﬁ{ MRS IURHGaRL r %gﬂk‘?ﬂ@ m@&@)’dgf‘%‘ﬁ?&f%}{i}rab'y as the

liquid lubrication layer A crystalline alfoy suc¢h as an’NiFe-based alloy, a Sendust (FeS Al) alloy,

or & FeCo alyiaving arge saiaan magnatia s siensibnia pr siveialing Gojglipy such as

CoZrNb, CoTaZr, or the like, for example, may be used as the soft magnetic lowerbacking layer 2 and

soft magnetig, RRe HARAGHAYES & SEYinGL AR EADTIIGNRLRIETISALS. Afdhe, st apggneli backing

g
layer 9. The optimum filh thickness values o magnetic Tower backing layer 2 and soft

magnetic up ,%&F,@%gy&&én‘é%’, B A u&%raﬁw{ﬁe%%%ﬁ%@é‘@ ¢f$he jragnetic

head used for recording, but in"consideration of productivity, these valués are each preferably set

between 10f8’199e§%%3?8min%q‘%%ﬁﬁy1g§@9rh%tﬁzﬁﬁ@{‘ i&gﬁécﬂﬁg‘%%oﬁx&@}g&%f; \gwigf-RRgKing layer 2

arid soft magnetic er backing layer 4 must be coupled paraliel to the substrate surface and oriented

180 from eagh gihier. The.teasonda this s atwhen the magnetizatians obthe sofmagastic lower

backing layer 2 and soft magnetic upper backing layer 4 sandwiching the non-magnetic metal layer 3
are coupled,ta 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,uallisAgtAemerRise N iheeall- MAoRsiaysL.aRE-bS,08Reraten of spike

noise can be suppressed. A material having any metal of Cu, Ru, Rh, Pd, and Re or an alloy

thereof as aypaii.canstivenipahptised as bmnongan siameabRy i Thedly fickness o

the non-magnetic metal layer 3 must be selected appropriately such that the easy magnetization axes

of the soft MagNRHC I YPIAYR % WIS YLRAFEUEr 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



upper backing layer 4 are oriented parallel to the substrate surface and in 180 opposing directions,
and such that a powerful coupling strength is obtained. To obtain a high level of resistance to an
external magnetic field, however, the film thickness of the non-magnetic metal layer 3 is preferably set
between 0.1 and 5 nm. The reason for this is as follows. As the film thickness of the non-magnetic
metal layer, 3 incregses ARAMAICI M My AR lieTamN e SRSy madnelicatipgpes of the
soft magneltllclﬁowﬁl bacl%gng ‘!fgy r2 anrl soft ﬁ’agnetﬁ: ulplggr Pac I|)n’g ?ayera 4pa}é%eepérallérto the

substrate apdgrienteg, e, RAME CitSHRMERAMANNRICSANENEN A cupling wiereby the

easy magnetizati es are parallel to strate surface and oriehted in 180 opposing directions

(antiferromgg‘g%tgcvca%pﬁggggsqﬁgﬁﬁ{eﬂt&{nately. For example, when Ru is used as the non-magnetic
, 0

metal layer e solt magnetic lower backing layer 2 and soft magnetic upper backing layer 4 are

coupled ferromagnacall ity A B IO IKIRRRAPIR ALAIRA AR GRS

antiferromagnetically withina range .3 to 12 mn. When the film thickness is mcreaseogfurther, the

soft magneyj r. ' 0 gg%?' . : i Y d.

ferromag ne&%{ﬁﬁﬁw}&?ﬁg@rgér%éegg 18.-5 %cl)%l%%m, _n%%éjo%%%lg %%é%r@m@é&’%ﬁ%ﬁ%%& in a range_of
1.8 to 3.0 ”PﬂereforeTh&Eé'éﬂJE'_Chﬂeéaﬁ@{?ﬁgs 'ﬁm?hj %@&g&ﬁtlggowgng elgo%glgvgg(ﬁnd t_he film
thickness ranges in whlch a_ntlferromagnetlc cou_pllng is chlc_aved ditter accordlng to h_e metal in use,
and therefoyg, { GoRSICErANRRLRRSCEAMRI VARG AR hEs 3l Ing Uiy inigygess for
exhibiting antiferromagnetic coupling’is preferably set at no less than 0 1 nm. The coupling

strength of {hesaft magneislae: hadinadayer dend okmaseinungs” bAokinglays;s decreases

as the film thickness of the non-magnetic metal layer 3 increases. As the coupling strength increases,

the resistange a1, eX1650R! ?%%%ﬂﬁcf&e'ﬂei%%{%éﬁ%r NG AR YIRS ENRIAsIGHSUGVBEeES

according to the type of metal used for the non-magnetic metal layer 3, the film thickness of the

non-magnefic, Mefahlave (s Ry Sfeahbaaoha B8MAGARR SaMHEeMali losaaHiR sificient

resistance to a floating magnetic field in a hard disk drive. The non-magnetic metal layer 3 is
subjected to sH{face g@@;yﬁgﬂﬁg%§%gs%%@ﬁ%{ogen-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 gaiey$speE Pt RANISH aRIE PrRIpRts Hiald 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 begn spbjgcgecgggtmls%g%ﬁlprgﬁg\%ﬁﬁi{pgsgggwggna;peeﬁqggmﬁgggtigf{ogver backing

layer 2 and the soft magnetic upper backing layer 4. When the nitrogen concentration of the

nitrogen-CopiANING (s hAgas A Ordi R Y EHTHIOYGMEN iRk SHiicieat; 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. Vifiemythe RiYRIERRARIAINING SRS SONRINS SrYOsR-npdcitien tejtgggn and an

inert gas, the Hk improving effect of the nitrogen’is not inhibited significantly provided the amount of
oxygen is les Ao Rl dherefQis S NIHRGRRCONIRING 985 MAYRNtAnpNMIRY.  The
processing time of the surface exposure processing using the nitrogen-containing gas is preferably set
between 0.1,ad 1@3gcongds,Beiaw 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 useok:i%a% ICreases- showlnthenpasRsibaeenhaiaal thesuiriacs expgsure

processing is preferably set in a pressure range of 3 to 120 mTorr. The backing layer, underlayer,
magnetic regording JayemankREdicivm fimatgfosmeiyia ¥y arardpasitipningiige 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, vacuum deposition, and CVD may be cited as vapor deposition methods. DC

(direct currgntPAYRELPQ SpUtAENSRFTERE KadiRiapgnayfagnetron sputtering may be cited as

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

drawings.

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



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 tBSIP&{&%HQECHJ%{QQQP@é&?&ﬁg%%ﬁﬁrﬁ‘?@é%iﬁ‘%%’Eﬂ@&é@éﬂ‘%ﬂ&ﬁ%}{.inve”tion will be

described. First, the manufacturing method of the present invention comprises a soft magnetic

backing layer 9 formgtion.praceesin Whigheie Sl mAgNGUG IRes RACKIAGAYSh ARG, PRN-magnetic

metal layer 3 are formed in order on the hon-magnetic substrate 1 using a vapor deposition method,

the surface gt pmedhnafsmaonelis melohiayen s ubladiad 18, sHcs sxAaEBrRCessing

using a nitrogen-containing gas containing 0.1 to 100 at% nitrogen, and the soft magnetic upper

backing laygf, ffg{Emed %%gt%@ﬂy%e&mg@ rdeposiiiangnetind. g malerialaidged for forming the

non-magnetic subsStrate 1, soft magnetic lower backing layéer 2, non-magnetic metal layer 3, and soft

magnetic ugpardiaciing Ryeh gt AeNIBedatovRd R eeritanling REPendfyigy madnetic

recording mediu In this manufacturing method, the film thickness of the Soft magnetic lower

backing layeya RARTRTRM RENWBRR 0B BRGRTLING M CkIEEsohiin AR BARS e metal layer

is preferably between 0.1 and 5 nm, and the film thickness of the soft magnetic upper backing layer is

preferably behegndQ aad RARATBoI SRR 10iF ARABROISHAPBIAIRING ssrigtion of the

perpendicular magnetic recording medium. urther, the manufacturing met the present

invention copprises, BHOREAINEHE WIdSHAYETAMALIaN-RECRESS: ValRiming,{Re non-magnetic

underlayer 5 on the soft magnetic backing layer 9 formed in the manner described above using a

vapor depogiionmaiiRd g materials H3arkiosforming dhe AepMALRSlR YRdeYayRLRAre as noted

above in the description of the pérpendicular magnetic recording medium. The manuracturing

method of the, a&%&&m§ey%§maw@%6§9@9f&%§sﬁ@egngﬁfga@%mmé%yﬁrﬁ{sg@ﬁaﬂ0n process for

forming the magnetic recording layer 6 on the non-magnetic underlayer 5 formed in the manner

described above Usmgyasﬂﬁﬂ%tg‘%ﬂﬁsﬁi%é@%hé’%ﬁi@ﬁ RAGIAIS fé%%?dfﬁrg TRIgaing thegngnetic
|

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

medium. emmwayf%%mmmﬁ Cgﬁ@}@rﬁ’(@%%‘f“i‘ﬂ@'}%&ﬁ‘t‘ﬂﬂ%&%ﬁ %ﬁsﬁé&‘fi@cwe layer
formation process for forming the protective film 7 on the magnetic recording layer 6 formed in the

manner desgrifgd QDAYR-HEIRGIAMERONGERPSLIL DI MGG 165 aParAEPLslipR &iNgds employed

in the manufacturing method of the
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



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 lubricant layer 8 on the protective film 7
formed in the manner described above. The aforementioned lubricant may be used as a lubricant, and

a dip-coat igign o SAEIAL eI At R1 RIAMRIE. 2 16, SOBOY OB g i yorican

layer. Examples The perpe agnetic recording medium and manufacturing method

thereof aceqiagin eGSR LS Esar bR by ardeinlbhslonaiog gypermenta)

examples. First experimental exam y strengthene trate Having a smooth

face (N- ) . tic substrate 1.
surface %gl?ﬁélil%ﬁg{%%?@%vgggﬁﬁg%%{ggﬁg AL Hﬁe‘ﬁfh%ﬁb@@ H8H‘1We9§.e IC Substrate

After being was nto a sputtering apparatus, and using a

CoB5ZrLONbS taraet oo ARarRlions S0l Mgnelic nwer basking IRuenp vifs, deppsited at 110

nm using a DC magnetron sputtering method. Next, using an 'Ru target, an Ru rion-magnetic metal

aver 3 wasydenpsited AR5 B MIGEIERD FM'BINA MNP Soncr Vet Y0 A 08

containing 10 at% nitrogen gas (Ar-10%N2 gas), Ru non-magnetic metal layer 3 was

subjected t9 fjogR SAPESHIRHIREFRRNOIPFL SeEONT? I0AN ARG QLA0, QT Fhen, again

using a Co852r10ONb5 target, a CoZrNb amorphous soft magneti¢ upper backing layer'4 was

deposited o AR UTLU5G: R MAAEH 20,3 LR B AN e kA0 A GPIPOR IS, o protective

film 7 made of carbon was deposited at 10 nm using a DC magnetron sputtering method, whereupon

the structurg e RO I ARG UL ABRATR S RIRX 4.4 T ik Ui prition laver 8

constituted by perfluoropolyether was formed usihg a dip-coat méthod, and thus a partial model body

of a disk-shapad, ey RERACY LD AR G IRERT NG MM RAYING Qﬁﬁ%ﬁarﬂhf%}féﬁé‘%%? underlayer

nor a magnetic recording layer was created. Note that thefilm thickness of the non-magnetic

metal layer B‘é%ﬁiﬁ%"’}‘&%{j UL RLIRGAK (Rlle &?ﬁ%ﬁxﬁ@%ﬂ%ﬂﬁ%&@%mﬂ@ﬂ@%ﬁgﬁé}ﬁd a

maximum, and to Vverity the increase or decrease in Hk according to the application of the nitrogen

exposure praces RS MEICRE ST iheRiumasnEte H}Sﬁﬂcwyé%@%ﬁééj‘ﬁ@%%ﬁ” each

experimental example, including a comparative experimental exam Fig. 3 shows the results

obtained W'}ﬁ'@f@rﬂ?%?ﬁ%@ﬁ A tha 9btpiped 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 i walye,of ihg;saimagnele MRURGIAYRNIS ASterpiRemhatihg yalg (Oe) of the

applied magnetic field wheh magnetization is saturated. The Hk value of the perpéndicular magnetic

recording megium G dipsbIRIAETS P manEl exapmpiewatdelriioastitRed T8

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



Second experimental example In the nitrogen exposure process, exposure was performed for 10
seconds using Ar-0.1%N2 gas. 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

simiar manjct o {e st eperinepal SYAmPIG.UIgn fhe pbainedmediim They gguligare shown i

u 2
Table 1 together wit SO rst experimental example. Third experimental example

100% N2 gas was used in.the nitrogen.exposure pracess. Otherwise, a partial madel body of a
disk-shape(? %%Or%lgﬁdcl%ﬂ %rlor%%fg%%%%slrlglég%ﬁ |}1g§1 rﬁ(g ﬂr%?hg(\)/lll gl%i%rgpﬁ&ﬁ-r%}%lﬁlg IC uﬂé({ierlayer nor

a magnetic fgeording gy cyias, preaiedn.asmian mannenig e s eagimental example. The Hk
value was detérminiedin a simifar manner to the first experim nfiafexam’p e using’the obtained

medium. The.results shown inTaIEIIeIt her with the-results of the first experimental example.
Fourth expolENTS Sh e T e S WIS oA Gut it accea

oxygen WaSIlﬁ%er(ga %Bh%rrvxﬂlslg,i Sgag%tli%ugodel 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 th%sﬁ{ﬁé %ﬁﬁ_‘e{'%ﬁﬂ"% Sxample; The Hivalye ai\/?a%%igegrqypggeisn a.s ilé?gllar manner to

the first experimental example using the obtained medium. The results are shownTn é/ltogether

with the resiglrl('g%rl obt%firgtc%eggrimg\%’tgg&%ﬁa{ﬁ\@lgasgiq%géﬂg?ieg{g?ﬁv%%é(pgimggtaflt eﬁglam%{e A nitrogen
r ed. partial mode

exposure process was not p ol erwise, ody of a disk-s 5‘68 1ﬁerpendicular
et Y A AR REATHg E 08 BRE 10n v

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 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



Fig. 2 shows the results obtained when a hysteresis loop of the obtained medium in the hard
magnetization axis direction (radial direction) was measured using a vibration sample magnetometer
(VSM). The Hk value of the perpendicular magnetic recording medium of the first comparative
experimental example was determined to be 398 Oc. First example Similarly to the first

experimental giamols. ingGoZKNb amomRhauB AR AR inwerbackiBg auprRand e Ru

non-magnetic metal layer 3 were laminated onto thé non-magnetic substrate 1 constituted by a

chemically %Q%ﬂ%l‘ﬁ&%ﬂ&fé‘%&ﬁyHﬁ!x@&?eﬁ,'\kﬁdgéﬂﬁ%&%l?ﬁﬁﬁ@%&%@x‘f&‘?&“&%‘?e‘%&é@rﬁ&)g gnd the

surface of the Ru non-magnetic metal layer 3 was subjected to nitrogen exposure processing,

whereupon {ieiRZEhhamARAPHS 30K AORARSHHBAREARFAIA0 JRE fiPmARABN By was then

deposited at 6nim on the soft magnetic backing Tayer 9 obtainéd in this manner in a sputtering

apparatus %H%%@tf@ﬁ%ﬁtﬁgye%“ﬁ%}@ﬂaﬁﬁ nodt 19 1Y ahe MaR-MAaNGLS 4q6rAYEf.>: and

Co77Cr9PUOSI024 was deposited thereon at 20 nm as the magnetic recording layer 6. Next, similarly

fo the first expeEiuRNB SAATDRE, MR ERLBIARERR I aRIogmed on the magnetic recording
on

layer 6, whereupon the liquid lubricationlayer 8 was formed from perfluoropolyether, and thus the

disk-shaped perpengigulan MAgnetic ﬁ‘?éiquMJ@eQi‘éﬂ%@é’@é@ﬁl%ﬁﬁl‘?&’ce@ﬁa@ﬂréa&%QJs"s}i‘Sgobtai”ed

perpendicular magnetic recording medium is'shown in Table 1. Second to fourth examples, first

companative, xRl gen IR RRIAENAICUANMAGRSYE iopiEis medinal heyarsong pfourth

examples and the first comparative example were obtained in a similar manner to the first example

except that ﬁ&?@%&ﬁﬁgurgpewqﬁg@fﬁ%%%mk@é ARt NG UsLERIPaiAE fxpeimental
example were tollowed instead of the first experimental examplé. The SN ratios of the obtained
perpendicu@bﬁ’%@&ﬂ%cs{ﬁ%@%&ﬁfg%ﬁf@egmﬁv ﬂsjﬂlg %bfll‘?tfbgen-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
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gas increases.

Furthermore, the atmosphere of the surface exposure processing is preferably
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, 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

10
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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 nm, and the film thickness
of the soft magnetic upper backing layer is preferably between 10 and 500 nm. The
reasons for this are as noted above in the description of the perpendicular magnetic
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
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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 lubricant layer 8 on
the protective film 7 formed in the manner described above. The aforementioned
lubricant may be used as a lubricant, and a dip-coat method or spin coat method, for

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
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deposited at 90 nm using a DC magnetron sputtering method. Next, using a carbon
target, a protective film 7 made of carbon was deposited at 10 nm using a DC
magnetron sputtering method, whereupon the structure was removed from the
sputtering apparatus. Next, a 2 nm thick liquid lubrication layer 8 constituted by
perfluoropolyether was formed using a dip-coat method, and thus 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.

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



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.

Third experimental example

100% N, gas was used in the nitrogen exposure process. 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.

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



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 shows the results obtained when a hysteresis loop of the obtained
medium in the hard magnetization axis direction (radial direction) was measured
using a vibration sample magnetometer (VSM). The Hk value of the perpendicular
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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Second to fourth examples, first comparative example

The perpendicular magnetic recording media of the second to fourth
examples and the first comparative example were obtained in a similar manner to the
first example except that the second to fourth experimental examples and the first
comparative experimental example were followed instead of the first experimental
example. The SN ratios of the obtained perpendicular magnetic recording media are

shown in Table 1.
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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

mproves. For exanple, i K1l REIANIBUAY 4PaR0 i 'agsising Aot e i

experimental example, in which exposure processing is performed using 100% nitrogen gas, is 791

e, which is.AQIPNTRLSN MG (LS RBpTallYS SRETISHAL LIANRIR ADY e fohest value

in Table 1. Note that no differences in H nitrogen-containing gas exposure

processing HH‘SH&%Q&?&Q-%tﬁ%%ﬁﬁﬁ%%mately 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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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. F%ﬁ@&?}ﬁlﬁe!%H{HQ@HRDHéé’éf*‘f&?%%@é&?l”]&’%@%‘ﬁf?@ﬁﬁ%%ﬁ; i WERRIOgRN exposure

is not performed, the third example, in which 100% nitrogen gas is used, exhibits an improvement of

approximateht do dB RGNS ThERHO- substAREAIFING (LG RIERGBEINVANUAR.ER Insregsadn Hk can be

achieved using a simple process of subjecting the surface of the non-magnetic metal layer to nitrogen
gas exposure, WithRut theinearkiar &S RREIRIS AV RIS sddfisTefore g RgsaRt invention
incurs substantially no cost increases, is suitable for mass production, and is useful as means for
improving the,shifatie etanemendicular magnetic recording medium. What is claimed is: 1. A
manufacturing method for a perpendicular magnetic recording medium, comprising: a soft
magnetic backing layer forming step for forming a soft magnetic lower backing layer and a non-metal
layer in order on a hon-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 formcd soft magnetic backing layer using a vapor deposition method;
a magnetic recording layer forming step for forming a magnetic recording ayer on said formed
non-magnetic underlayer using a vapor deposition method; and
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a protective film Conning step for forming a protective film on said formed magnetic recording layer
using a vapor deposition method,; said surface exposure processing increases an anisotropic
magnetic field Hk of said soft magnetic backing layer. 2.The manufacturing method for a perpendicular
magnetic recording medium according to claim 1, wherein said vapor deposition method is any one of
a sputtering \Mgixad & ¥asywn deposition method, and a CVD method, or a combination of two or
more thereof medium according to claim | or 2, wherein a film thickness of said soft magnetic lower
backing layer is between 10 and 500 am, a film thickness, of said o agnetic metal layer is between 0.1
and. 5 am, and. a film thickness of said soft magnetic upper backing layer is between 10 and 500 nm.
4.The manufacturingimethod{of,3.ReLPRAMS UALMRAIRGTIG 1 nunedivpRerodingdeany one of
claims 1 to 3, wherein said non-magietic metal layer is formed from a material having any metal of Cu,
Ru., Rh, Pd, apdiRg; &5Ap-RilQy: thereof, as a main constituent.

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 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;

said surface exposure processing increases an anisotropic magnetic

field Hk of said soft magnetic backing layer.

2\ The manufacturing method for a 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.
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3. The manufacturing method for a 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 manufacturing method for a perpendicular magnetic recording
medium according to any one of claims 1 to 3, 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.

21





