1 - DESCRIPTION Ili~l I~ T10rererererrrrrr1i111111and
*159159* METHOD OF MANUFACTURI NG PERPENDI CULAR

MAGNETI C RECORDI NG MEDI UM AND MAGNETI C RECORDI NG AND
REPRODUCI NG APPARATUS 5 TECHNI CAL FI ELD [0001] The
present invention relates to a nmethod of manufacturing

magnet i ¢ 1 ocordi ng. 223‘1?%%('?%13‘32?%’;961332? SE“U\EIWWTNIWNI“IIIIMIh

whi ch the perpendicul ar magnetic recording nedium.l.s
used. Prlorlty is clainmed on Japanese Pat-ent

E 23; 2007- 289640 filed on Novenber 7, 2007,

M ﬁ%kha Mﬁé‘ﬂéﬁécﬁ&%w&a?ﬁ%ﬁ ENBICHOGR BOYONE THEIRECQRDING
Novenber 8, 2007, and Japanese Patent Publication No.
MEPTUNDADTEMA GNE THE RECERDEN G NDREPR OPE NG ARPARATUS
which is incorporated herein by reference. 15

5 BACKGROUND ART [0002] In recent years, the
appl i cations of nmagnetic recordi ng apparatuses such as

magneti c di sk devi cesfedHRxc AL, pk devi ces, and
magneti c tape devices have remarkably 20 increased,

andTO ”for t he magnetic recordi ng nmedi uns used
t her'ein,” advances in recording density have been

achigved. | articular, sin MR _head and PR
F eorepEnE S anElafsun & iiod ASuimi e St praElcular
recording densjty has increased _ considerably.

maggetic Agqoypding FedvRAnb A JAgRICTGCNRINBARd ToRTPuqing aRRgtAtein

and the rise has continued to increase at a pace of
10 whith0i9s prependicatar magnetic recording medium is used.  Priority is claimed on

Japanese Patent Publication No. 2007-289640 filed on November 7, 2007, Japanese
Patent Publication No. 2007-290914 filed on November 8, 2007, and J apanese Patent
Publication No. 2007-290915 filed on November 8, 2007, the content of which is
incorporated herein by reference.
15
BACKGROUND ART
[0002]
In recent years, the applications of magnetic recording apparatuses such as
magnetic disk devices, flexible disk devices, and magnetic tape devices have remarkably
20  increased, and, as for the magnetic recording mediums used therein, advances in
recording density have been achieved. In particular, since the MR head and PRML
technique were introduced, the rise in the surface recording density has increased
considerably. Recently, the GMR head and Tu MR head were introduced, and the rise
has continued to increase at a pace of 100% per year.
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25 [0003] Xi1iz1azaaaaz bbb erre el 11212 00 o ~i~
*c00002* 2 In this way, there will be demand for even
hi gher recording density to be achieved in the
magneti ¢ recordi ng medi um fr,om now on, and for this
reason, there is a demand for achieving the high
coerg kié {4 t '
the nagne%f?‘?gﬁee@?r% Thaplgarvel Ble] fRoldd Rr B
ne record
ochieGafnithe Rltentel B 415 FRED y&aéfoa g e e is 2
lin rdl i Nncr.eases
demga!for EfEy RS S g{%% Crkii R SR gk & B3 b oRi Rt STIRYof the
adj.acent recordlng magneti ¢ domains in a transition
magngge esorkngrisg e es atias esmglasesel@tlma Klertherbapgisudinalthagnetic
Therefore, in order to avoid this action, it is
reconding slmlnqd whichrhas besgehithero stidgie usmiy méiile the ki iecdrding)density
by maki ng the magnetic recording layer thin. 10 [ 0004]
incrédvet, et deiaghatightioBetion hiRofkd PretibmelaRessoRd ad K&nt recording

magnetic recording layer is made thin, a magnitude of

maghBti€ BSheNns Rk 'Eﬂaﬁé’inér?fegﬁﬁ%ﬁh&ﬁeﬁib@ioﬂ@g & ?d Gveéi&ﬁ%%%g@ﬁﬂtlon.

a nmagnitude of heat energy are formed close to

nnot be i gnored h .
helR, i fflno38old 1l Al B frrcied ¥ Uy oot raametc
] qu nce of éhe 15 t enper at t.hernmal fluctuation),

ams&ﬁapif aking the magnetis nF "I‘XCB Bf the line
recordlng density. [0005] In these circunstances, as
a t ée®Milque for inproving the Iine recording density
in the |ongitudi nal nagnetic recordi ng method,

r ecéint thy ottem AR w(hantthe filen thockmegnefithe n2@n&uptirdiay layer is
medi um has recently been proposed, and many attenpts

madealia, beepniBdteof B enedyHattidtFot REuHON 8 AELid Hkﬁnilﬁ @hd a
nagnetlc alleviation which is an issue with t

magnitude of heat energy are formed close to the same level, so that it cannot be ignored

that the amount of recorded magnetization is alleviated by the influence of the

temperature (thermal fluctuation), and this is called the limitation of the line recording

density.

[0005]

In these circumstances, as a technique for improving the line recording density
in the longitudinal magnetic recording method, recently, an AFC (Anti Ferro magnetic
Coupling) medium has recently been proposed, and many attempts have been made for
avoiding the problem of the heat magnetic alleviation which is an issue with the
longitudinal magnetic recording.

[0006]

In addition, there is the perpendicular magnetic recording which has attracted

attention as an effective technique for realizing further improved surface recording
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| ongi tudi nal nmagnetic recording. [0006] In addition,
there is the perpendicul ar magnetic recording which
has attracted 25 attention as an effective techni que
for realizing further inpro;fd surface recording 3
density in the future. Wiile a nmediumis subjected to
. L on s U dir . the
i A e R
. the related.art, . in the perpendi cul ar gnetjc .
dirge G it g Sn Rt MR aR T nea ity SicoR 1 the related ar,in
magnetization [n a directjion perpendicular to the
the pgrnendisuigr magaetisagaraifing Macthod. dhgmedium isisubipesed tonagneization
5 avoi d the sel f-demagneti zati on acti on which
in fisiction psrphndjhulhi toehe o tacdiofi hedmadintmy  iAs atrbalt, it is possible to
| ongi tudi nal magnetic recording nethod, so that it is
avaid tHeabolfalefrapndtighien acdpasitiyh bBaaice m%l lind Rec@detgt de@Bity in the
since a constant filmthickness of the magnetic |ayer

lonERiRA r8QMefi€ thcoldiey methbl UG8t @iis §uli’t§blﬁ ??Ihheigi?é? '&@ﬁéif:y recording.

rel axati on which has been an issue wt
' ' [ ecor gdina _nay..be consi dered

In 4R BB o B R RO b S B R R e e
. netic recordi diumis. general | y .manuf act ured, by,
infP g 01 e, DG PB4 PRGN BICH S RS APAe itiithe langispdinal

of an underlayer, an internediate |ayer, a magnetic
magRetigIEsRHINE Ay be considerep pp beigicompregjizely lowi addi ti on,

a lubricant layer is coated on the surface after the

prot@éP7lhve | ayer is formed in many cases. In addition,
in 15 many cases, a nagnetic filmcalled a soft

magnEhd perbenditulirsngpnent eeordingglediim Hpessthity Sbnufadiifed by
internedi ate layer is manufactured for the purpose of

ok 1508 GBSk 59, 138, TGS G i

o5 AP e 1L AL 0L 105y AR 2l e
coa e%q ct)nr t%le s{lr gcesa ae? ﬁleogrottegtlevqu}ggrelg ifocnn%{i)l{r? ;n%}ly cazsgs.[ ()Iggéfi]dition, in
many cases, a magnetic film called a soft magnetic layer is provided under an underlayer.
The intermediate layer is manufactufed for the purpose of increasing the characteristics
of the magnetic recording layer. In addition, the underlayer adjusts the crystalline
orientation of the intermediate layer and the magnetic recording layer, and functions to
control the shape of the magnetic crystal.

[0008]

In order to manufacture the perpendicular magnetic recording medium with
good characteristics, a crystalline structure of the magnetic recording layer is important.
That is, in the perpendicular magnetic recording medium, the crystalline structure of the
magnetic récording layer is a hexagonal closest packing structure (hcp structure) in many

cases, and it is important that the (002) crystal plane be parallel to the substrate surface.
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In order to manufacture the perpendicul ar magnetic
recording nediumw th good characteristics, a
crystalline structure of the nagnetic recording |ayer
is inmportant. That is, in the perpendicul ar magnetic
recordi ng nmedium the crystéﬁline structure of the
Py gr=Te ] ercnhsy a..he onal ..cl osest. ..
I S 4 S SR YR b L AT P RO Ran e 355 Bis aliened not o
and it is inmportant that the (002) crystal plane be
be ?fz??‘&fqdetjfom S%H@aﬁ‘i}%ﬁ%%c@ﬁ f5E8anbE." | n ot her words,
it is inportant that the [002] axis of the crystalline
c axli080%9]ls aligned not to be separated froma vertica
direction as close as it can be. [0009] |In addition,
as slhaMdition, ddoheWatieNon®atatt iGintidn 1,8, H Libi etal ks ploposed a
has proposed a 5 so-called granular magnetic |layer in
so-odMed grdriur HRGRENd Iy &iv SiHath 1hS nSRREEALO6al 18 stfiated in the
nonmagneti ¢ phase magnetic crystal. Inh the granul ar

nonF@Aetid ﬁfﬂs@ﬁﬁémﬁtfer&yﬁ@ig Net e orifhig" f 'teﬁg lagglg Y}?eerﬂ%gnetic

magnetic particles 1s weak, a Sin neti

. L] j articl can be fornmed in fineness, ..

i ARl bl P A RO Rl v i megtidty o sulline
F rther,fPatgfi itation 1 descrihes that the_granul ar

parmj@%gqu; PHP Indifepeisemagnaticdp s (e th low nogsercan be erkypved.
treatment by hydrogen plasma since corrosion caused by

Furthes, Retent (litaHon idgﬁ@@bﬁ%thﬂ'aﬁ}ﬂé igrangilqy meageeti eldyermurfhbreis subjacted
the past, in an internediate [ ayer of the

to rpducpien diestmieat byraygiregércplasres sinck agraskei damedRy thagraaare
used whi ch becones the hexagonal closest packing

magictid CAyet & frbeddtedlt ructure) similar to that of the
magnetic recording layer in order to obtain 15 crystal

of t eTal=V A roMaTey ' [ e .
OSCi ]ll("ﬁzgtg? onﬁfﬁsﬁ;i S rrgf E?H %at gh?}’%&%ﬁf‘é‘% Fgalil%faltntsi lcclu%)ag SLEPRS
nce rystal of the nmagnetjic.recordi | ayer
rec%ﬂg1%rgéc¥i§18§u @P%//éqeglusgﬁ ghéc cogue %Fpg%ggp%)p?cgspﬁé)a&mg
nagnﬁ%ic recordjng mediumw th good crystalline _
STUSHITE MRSITYAUTS SEpTagih 8t of the epgnetioiecondgiedaver @ prder emobtain
3 discloses that the internmediate |ayer using Ru is
crystal of the magnetic recording layer in which the oscillation is small.

Patent Citation 2 discloses that since the Ru crystal of the magnetic recording
layer on the (002) crystal plane grows epitaxially, the magnetic recording medium with
good crystalline orientation is obtained.

In addition, Patent Citation 3 discloses that the intermediate layer using Ru is
necessary to generally have a film thickness of 10 nm in order to separate Co alloy
crystals from each other of the magnetic recording layer.

[Patent Citation 1] JP-A-2006-127619

[Patent Citation 2] JP-A-2001-6158

[Patent Citation 3] JP-A-2005-190517
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20 necessary to generally have a filmthickness of 10
nmin order to separate Co alloy crystals fromeach
ot her of the magnetic recording |ayer. [Patent
Ctation 1] JP-A-2006-127619_ [Patent Ctation 2]

JP- A-2001- 6158 [ Pat ent Gtation 3] JP-A-2005-190517 5

[ Non g 1 i QU . L .Chi.en,
ropl B en b3Sk Froghng 0,7 CHIE Rpp SERESIRE: 5660 8
Fel ION 5 [0010] As described above, by enpl oying
tE‘h ranul ar magnetic layer, it is possible to record
and reproduce higher-density information. However,
since many el enents which easily occur mgration of
Co atoms are inclBHELPBURESQF INNEYTEON: | ayer
constituting the perpendi cul ar magnetic recording
medi [0t here is a problemin that the 10 atons are
di ffused in the surface of the perpendicul ar magnetic
r €COAY dBEriBBLABYVe U pIo9indi 1B sl NRERALAR 1801 it is possible to
hi gh-hum dity environnent. Here, as described in
i : C r [
recbRf ﬁﬂtre;fn@dﬁ&tﬂlgﬁbrjdenﬁtg)nﬁﬁu fd?’ﬁﬁtlbﬁ H@v%‘%?,yszgcei @aﬂ@%l&ﬂems

the surface of "the gr ar magnetic | a

oL St A DR B DR e

n atons used in the nmethod are

wever ., thengécdoe > | ! .
CORSHFF ISP RTHRT ui%%?%e%ﬁﬁ@ﬂl% megiam, theee isiaroblreyia that the
are sonme concerns that the magnetic characteristics
atogysere diffuseskia the surfagd of therperpendicyladinfagatid recardingon¢diah under
t he hydrogen plasma, and the inside of the granular

a highgieeipeturayed high-hahdditsebjieatrdt. t Hdrllaisidesi#bel @0 Patent
treatment in sone cases. In addition, when the

CitafidreT TRdeRb@id @yiSitered if MhEAGhS SurbRe Bf ﬂ{ee%éﬁmﬁér' Iﬂégnefi layer is
thickness, a radius of a crystal particle of Co a foy

S A 1 L0 b RTERC R0 51 o s

als® E)Pet\)fler?t(end.l nH})vl?/g\tler,r fhe ?153'%02«%1 gtrc])%s used in the method are diffused inside

the magnetic layer, so that there are some concerns that the magnetic characteristics are
changed. In addition, it is difficult to control the hydrogen plasma, and the inside of the
granular magnetic layer is also subjected to the reduction treatment in some cases.

In addition, when the intermediate layer is formed to be a great film thickness, a
radius of a crystal particle of Co alloy of the magnetic recording layer becomes larger, so
that the noise is increased. ~Therefore, there is a problem in that recording and
reproducing characteristics of the magnetic recording layer are deteriorated. Therefore,
in order to improve the recording and reproducing characteristics of the magnetic
recording layer, as the intermediate layer, the application of other elements or Ru alloy
with the hexagonal closest packing structure (hep structure) such as Ti, Hf, or Zr is

proposed. However, it is insufficient for obtaining the perpendicular magnetic
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reproduci ng characteristics of the magnetic recording

| ayer are deteriorated. Therefore, in order to

i mprove the recording and reproduci ng characteristics

of the magnetic recording | ayer, as the internedi ate

| ayer, the application of other elenents or Ru alloy

' I . ] ructure (.he .

reclibl bR AEARAE L b R ERn R DAL LU TARE AR by making

However, it.is insuffjcient fqQr obtaining the i
i AT AN 71 10 B Qe HA BB Rh b esappTeti

in the recording and reproducing characteristics by
recopdidigrigyerte he aemBatine Withreast athen s¢ et Htis desirebleghatalli us

of the crystal particles of the magnetic recording
perpendéculdrondpmetonpatdild medfutrhwhhfis @fltel in thoprobkin ¢dn beseasily

desirable that the perpendicul ar nagnetic recording
maheétyfedwhi ch is solved in the problemcan be easily 5

manuf actured. [0011] Under the circunstances

descppgd. above, the object of the inventionis to

provi de 'a net hod of manufacturing a perpendi cul ar

mag i C.recordi nedi um and a erpendi.cul.ar . .
magrabdd thEa Bl RaeFERte e, REBHEH e eiBummtiongs o
and reprodugi n 0 appar at us,, ich inprove the

progie AGRRBHT e AT TEaRb PPRBYARIET BagRstsres R aBtdinm and a
al  ow recording and reproducing information in

perhenglicudarisagngtic sasarding mesticisl, landh & magnetieagnending andaeprdilwyng
characteristics. [0012] 1In order to achieve the

apreledvs Wit impnex thb cecosion ksistanveof 2 magnaicdesading attdasn,
15 follows. (1) A nethod of manufacturing a

all PR FReThC Al PrepARABEQL iefofrRARGh M HBMisiN anB AVd SGeMdnt in
| east a soft magnetic |ayer, an underlayer, an

ma tﬁ&gﬁgEﬁF%hkaﬁﬁﬁmi nd a perpendicul ar magnetic
ecordi ng Fayer ich has a granul ar magnetic | ayer

inC|#$g at |least an oxide, on a nonmagnetic
subs , the nmethod at |east including a process of

In order to achieve the above-mentioned object, the invention is disclosed as
follows.

(1) A method of manufacturing a perpendicular magnetic recording medium
having at least a soft magnetic layer, an underlayer, an intermediate layer, and a
perpendiculér magnetic recording layer which has a granular magnetic layer including at
least an oxide, on a nonmagnetic substrate, the method at least including a process of
forming a magnetic layer, an irradiation process with inert gas ions and a process of
forming a protective layer, wherein the irradiation process with inert gas ions includes at
least one of: a process of irradiating a surface of the soft magnetic layer with inert gas
ions, after forming the soft magnetic layer; a process of irradiating a surfag:e of the

intermediate layer with inert gas ions, forming the intermediate layer; and a process of
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20 form ng a magnetic layer, an irradiation process
Wth inert gas ions and a process of formng a
protective |ayer, wherein the irradiation process with
inert gas ions includes at |east one of. a process of
irradiating a surface of the/ soft magnetic layer with
._i.nert qa [ after forni t he soft magneti_.c :
inapiffiag a $toe ctdBe eBpulit maghelic Ry M UmeT g6 S afer forming the
internmediate layer with inert gas ions, formng the
gr apﬂ?fe?lﬁ%%ﬁ“atl%‘/elr giﬂéF?n%h%eSathﬁ PeEsadicylar magnetic senoading devsr.
surface of the granular magnetic layer with inert gas
i ons(2) ahe metodrofimapufdveuringr the pempendiag aembgnetiayatordihgtnedium
constitutes the perpendicul ar magnetic recordi ng
accbalyreg to the jboMeememtidned (Df whereid e tinert figed 41€ one or more selected
per pendi cul ar magnetic recordi ng nmedium according to

froﬁlfglegra@py&fsfgﬁﬁéiogjg@g[{g,&e apihgrein the inert gases are

one or nore selected 5 froma group consisting of Ar,
He, i-ng th .
por penarorictiod St Hant R 18 p Gpe B AT M E oo Rng gciom
t he abqve-nmentioned or.(2), wherein inert gas. ions
accind PR S Bgfcnet FR ol Shiees BisFrao ars ot Gagiated by o
consistin% of an ion gun, inductively-coupled plasna
methpesslected Frgmy & groupvensigimegiaanan gry Eductigelyapupled plasma (ICP),
perpendi cul ar magnetic recordi ng medi um manuf act ur ed
andyyaqtive iomplasmhacRlE)e net hod according to any one of the
above-nmentioned (1) to (3). (5 A magnetic recording

and (mya[Arpbdpmidngllz&m@gnatw&cbﬂﬁﬂlglﬂlb&i@nﬁnaﬂmﬁﬂ%Cb?'tﬁé
magneti ¢ recordi ng medium and a nmagnetic head that

mahFRQUASIAREd hERE Y 6 sy éﬂ%f&ftﬂ@éﬂd%@gh{]hr%wﬂ(el I TON

per pendi cul ar magneti c ‘recordi ng nedi
per [ . b e recordin di.umi.s a .
Der pondh S eeoiBAREhd ferkGERE REaTRRdiPef pormepeicute
by .a manufacture nmethod accordi to any ope of_ the
magsyiG sechting Bip A c e e Pt et reaeiil e Fgradicee
. dnvention, it is possible to provide a perpendicular
infopmgtien insthe pemsndichlyr magnelin reperdingmedivaswhereingh¢ perpendicular
resi stance of a magnetic recordi ng nedi um
magnetic recording medium is a perpendicular magnetic recording medium manufactured
by a manufacture method according to any one of the above-mentioned (1) to (3).

[0013]

According to the invention, it is possible to provide a perpendicular magnetic
recording medium that improves corrosion resistance of a magnetic recording medium
and has excellent magnetic recording characteristics, or a perpendicular magnetic
recording medium and a method of manufacturing a perpendicular magnetic recording

medium capable of recording and reproducing high-density information, and a magnetic

recording and reproducing apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
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20 and has excell ent magnetic recording
characteristics, or a perpendi cular nmagnetic

recordi ng medi um and a net hod of manufacturing a

per pendi cul ar magnetic recording nedium capabl e of
recordi ng and reproduci ng high-density information,
and aogggneti c recording and reproduci ng appar at us.
25 B DESCRI PTI ON OF THE DRAW NGS 8 [0014] FIG 1

IS a_cross-sectional emat i c. vi ew of per pendi cul ar

nagnEfC?f d @@&&S&.S%Ionmgﬁﬁ@%w S TRERG G rErEngfe recording

the invention. FIG 2 is a perspective view of a
megwghshdwing ae embpdigieanef theprvsdtien.ng apparatus 5

showi ng the enbodi nent of the invention. FIG 3 is a

di agFBin2 islayetspedtiveyiem oy alagadticoRcdréiigland @éproducing apparatus
- el ect rormgnetl C conversion characteristics show ng

shoaageasnbodliment b tifintdigionnvention. FIG 4 is a
diagramillustrating an evaluation result of

te EZ' FRY g%?lta%fg%f%tﬂg%&%m%t Pel: Mﬁtﬁﬁq?g&r"g‘ﬁgi%‘%aﬁe@
. 5 NONVAGN S . SOFT
oyt harad é%%wwwi BB d3erRes npaisn. 4

UNDERLAYER 5. | NTERVEDI ATE LAYER 6 PERPENDI CULAR
MAGNE-¢¢ IREEHEINGIYsKeting alvemlz@remwt qf gxEonment resistance

showing examples 13 to 15 of the invention.

Explanation of References in the Figures.
[0015]
1 NONMAGNETIC SUBSTRATE
2  SOFT MAGNETIC LAYER
3 ORIENTATION CONTROL LAYER
4 UNDERLAYER
5 INTERMEDIATE LAYER
6 PERPENDICULAR MAGNETIC RECORDING LAYER
7  PROTECTIVE LAYER
8 LUBRICANT LAYER
10 PERPENDICULAR MAGNETIC RECORDING MEDIUM
100  MAGNETIC RECORDING AND REPRODUCING APPARATUS
101 MEDIUM DRIVING PORTION |
102 MAGNETIC HEAD

103 HEAD DRIVING PORTION
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20 8 LUBRI CANT LAYER 10 PERPENDI CULAR MAGNETI C
RECORDI NG MEDI UM 100 MAGNETI C RECORDI NG AND

REPRODUCI NG APPARATUS 101 MEDI UM DRI VI NG PORTI ON 102
MAGNETI C HEAD 25 103 HEAD DRI VING PORTION 9 104
RECO?DI NG AND REPRODUCI NG SITGNAL SYSTEM BEST MODE FOR

per pi cBFGORHRIEAND REPBARHG T dGNARs R Teat o,

exanpl e of an enbodi nent of the invention will be
described in detail with reference to the draw ngs.
FIG 1 is a cross-sectional schematic view of the
per pendi RS MG FOR CARRI ING QU TWEHEUMVEN TION
enbodi nent. As shown in FIG 1, a perpendicul ar
magngoil6] recordi ng medi um 10 of the 10 enbodi ment is
schematically formed with at |east a soft magnetic

Lgﬁflﬁgf@g Co'nr%a UACRILRHEL doeBiunP AR L€ B of an
emi:@cﬁiﬁ{egf" %ﬁlvjeﬁt:fcg{ wﬁl beade{ggn e%nlg Pall tlvreggﬁ%:e%gﬁhe drawings.

recor |ve ay er
rlcant er. 8 on non etlc substrate 1.
FIGelaisdriress; se?i qgal sphpgagyiew war erasefis moagling

t he conflguratlon of the perpendlcular magneti c

megpgp plitha gmkadimeat- 10 of 15 the enbodi ment, and there
may be cases where sizes or thicknesses or dinmensions
and As keovn loeFI6i 1 eapérppatitul ahoagnetio rédoadinly medingn B0 6f the
different fromthe dinensions relationship of the

emB6dititht BSERAMHICEI RIrmER ARt feak@LYTOIMAEhMB My sb 8- magnetic
Hereinafter, first, each |I|ayer of the perpéendicul ar

und@ﬁ?@xf) hCar &?é?lrtgioﬂ%oﬂﬁgl' 188: 3% oWidokePSr a‘iilelﬁl%ﬂgf‘e? 4'38d an
deta [ 0017

intermediate layer 5, a perpendlcular magnetic recording layer 6, a protective layer 7, and
an lubricant layer 8 on a nonmagnetic substrate 1. Meanwhile, FIG. 1 is for the purpose
of describing the configuration of the perpendicular magnetic recording medium 10 of
the embodiment, and there may be cases where sizes or thicknesses or dimensions and
the like of each part shown in the drawing are different from the dimensions relationship
of the actual perpendicular magnetic recording medium 10. Hereinafter, first, each
layer of the perpendicular magnetic recording medium 10 will be described in detail.

[0017]

Nonmagnetic Substrate

The nonmagnetic substrate 1 is not particularly limited, but can use an arbitrary
substrate such as an Al alloy substrate of, for example, an Al-Mg alloy and the like using
Al as a major element, or a substrate composed of fypical soda glass,
aluminosilicate-based glass, a kind of amorphous glass, silicon, titanium, ceramics,

sapphire, quartz, and various types of resins, so long as it is a nonmagnetic substrate.
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20 Nonmagnetic Substrate The nonmagnetic substrate 1
is not particularly limted, but can use an arbitrary
substrate such as an Al alloy substrate of, for
exanple, an Al-My alloy and the |ike using Al as a
maj or el enent, or a subst r atld® conposed of typical soda

I al um nosi | i cat e-based gl ass, i nd, of .
M BRTad §RACRSriR SRRRetuh S alnlbnbsraor crvsanized
sapphi r.e artz, and various. types of resins, so |lon
glagy OW@hagﬁa%ﬂﬁfgﬁhsme- S %ta%newhzethq\gia%-rmd@rsebmt@/g used
it is a glass-mude substrate such as an Al all oy
as fighenmagretio substipta hld mizey poljblasbstratewmr phow Raghbsmt@stivhich
the like. In addition, when the gl ass-nmade substrate
suifeuseghneagRuhis lessniagh@) andshid ke atetmdre pRefBiableO’ Meanwhile,
polish substrate or a | ow Ra substrate of which

so BifaB s QUOINEFed Rt Sch A8Sinidiel ko) and the | ke
1le,

are nore preferable. Mean 5solong as it has a
m | drdggr ee, texture may be inserted into it. [0018]
Soft "maghetic |ayer A soft magnetic |ayer (soft

mgngsﬁ&agﬁé{?cngl?g%er) 2 is a soft magnetic film

conpose ials having so-called soft magnetic

characteristi¢s such as an 10 FeCo-based al | oy, a

Cozr MiFoBRagaetis lagyr (salt aagnetirmanderlpyere d i befymagnrtic{ds

as a_ function of guiding a recording nagnetic field
comppesefl of mategialshaning soiegHed safs magnasicchbdracteristidsesunteal arm

and efficiently applying a perpendi cul ar conponent of

Fe€trbased ativgli anGoZmtgbeatd alldy, ahd at TalZe-bagsdne1asl] £idlaafs as a
magneti c recording layer 6. In addition, it is

furR@ibh bEgliding ¥ reéREis M RetihBbldthien 89ELd Wﬂ&?ggiigﬁall_f%}ée%rd%d in

I's an anor phous (noncrystalline) 15 structur
theSREd; : Q&%&_ﬁ . . anor phou fructure,
S aee ok 512 TR DE B RRSE P HEL i
rev rombecom ng |arge, the amount of =
maBeRIRGE bF PPinethelh Ragr il SscouiBalivonna i agision, itis
Lecordin% density is made possible. Further, the soft
parhigary petsralle thas thessofiyaagnspr laver ads sroamomhgus(neiargstalline)
| ayer, but also a
structure.  The soft magnetic layer 2 is made an amorphous structure, whereby the
surface roughness (Ra) thereof is prevented from becoming large, the amount of
surfacing of the head can be reduced, and higher recording density is made possible.
Further, the soft magnetic layer 2 can be applied as not only a single layer, but also a
layer in which antiferromagnetic coupling (AFC) of soft magnetic layers is performed by
interposing an extremely thin nonmagnetic thin film of Ru and the like between two
layers. Meanwhile, the total film thickness of the soft magnetic layer 2 is preferably set
to a degree of 20 (nm) to 120 (nm), and can be appropriately determined by balances of
recording and reproducing characteristics and overwriting (OW) characteristics.

[0019]

Orientation Control Layer
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| ayer in which antiferromagnetic coupling (AFC) of
soft magnetic layers is perfornmed by 20 interposing an
extrenely thin nonmagnetic thin filmof Ru and the
i ke between two |ayers. Meanwhile, the total film
t hi ckness of the soft nagneﬂtc | ayer 2 is preferably
set to a deq
aop Bl SEed P APRed it by b P@@Bﬁt&%ﬂ% gnd
oduci hg racterlstlcs and_overwriting (
Conéfﬁggr%tetl@ﬂ%to gdl m[l@@@é}ate »8beys fbﬁpaﬁlﬂtétﬁpwrpbla}@a%erln
11 The orientation control |layer 3 is provided over
additian, Sefariontaliencpreirel dgyer 3 2s cemposed of & plusalgy o€ layats and &
a filmimediately above the orientation control |ayer
oriéhtation coantdl layen3, ofttheenbidiment isednguitd s thheghe undedHer 4 and
conposed of a plurality of layers, and the
the @it @Rddadte QYe£9 Rl stdcké A6 tBe ﬁf)nﬁlﬁ‘ﬁteﬁ@@ﬁ’&hgﬁenlt sillé
configured so that the underlayer 4 and 5t
|ntq169ﬂ|ate | ayer 5 are stacked fromthe nonnagnetlc
substrat'e 1 side. [0020] Underlayer 1t is possible
Wﬁ a, metal having Ta or a (111) plane oriented
fac E%ﬂ?@?ed cubi ¢ structure (fcc structure), or an
alloy (for, exanple Ta, N-V, N-W 10
Pt clhie Reveible (Rape & Hetah haipsn oy ash 1 Dindangadiepiedfie-epntered
In addi tion, even when the soft magnetic |ayer 2
cubiemistuge fice Swuetyms), ar b aloptfonexamuoly, Ni-Nog NurTa, Nafhde-W,
there may be a case where the surface roughness (Ra)
Pt ofd thb Hke)l aeninateriahofabatiiderlayayer 13 additishdsch at@e the soft
depending on materials or filmformtion conditions,

ma%ﬁeticslaﬁ@ 95hIRsQ rhiRrdcAREDYR: & fSdrBhdisEuctfe %ﬂE@tHe%‘inf bea
he perpendlcular meagnetic recording | ayer 6

cask gxrfh{g} rrag n TP%L%%S%RJAE diatgg oplafrftldtgcﬁx{x @t{ﬁ{g)rl] paS/'ély\? Iflgcﬁ]eelarge

omer the,.surface roﬁgﬁnes

dep&né{xpﬁ on 6?538%‘"[1%{)5 rﬁl@l Eo Jetabiiles] cqné@,téqnsstt 1§ A58 to improve c}ystalhne

orientation of the perpendicular magnetic recording layer 6 by forming a nonmagnetic

amorphous layer between the soft magnetic layer 2 and the orientation control layer 3 to
thereby lower the surface roughness (Ra) of the orientation control layer 3.

[0021]

Intermediate Layer

The intermediate layer 5 is provided over the underlayer 4. It is possible to
employ Ru or Re used in a hexagonal closest packing structure (hcp structure) similar to
the perpendicular magnetic recording layer 6, or an alloy thereof, or an oxide thereof, as
a material of the intermediate layer 5. In addition, since the intermediate layer 5 acts as
a function of controlling orientation of the perpendicular magnetic recording layer 6, it is

not limited to the materials used in the hexagonal closest packing structure (hcp
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Internedi ate Layer The internediate layer 5 is
provi ded over the underlayer 4. It is possible to 20
enpl oy Ru or Re used in a hexagonal closest packing
structure (hcp structure) simlar to the
per pendi cul ar magnetic recoﬂaing | ayer 6, or an aIon
an a. mat eri
str#cﬂu?éf ﬁfgc&i:ag{ eénq) 8%/ g}ageglaﬁﬁ cr?pglgla otf,l gﬂossg%leh ézgnt{cﬂgng orlentatlon of the
internedi ate | ayer 5 acts as a function of
PmE@H%W&WPPﬁﬁmB?F@Hﬁhﬁgﬁﬂekﬁ t he perpendi cul ar magnetic
recording layer 6, it is not limted to the materials
used[00@2} he hexagonal cl osest packing structure (hcp
12 structure), and can enploy naterials capable of,
I f pemghdiicRecoriig Dhyarng orientation of the
per pendi cul ar magnetic recording |ayer 6. [0022]

MVegretd GerRG i utirigadnale Fecérd-[ﬁ? ?@ﬂ’ PR é\rbﬁlnﬁﬁr HRARGE 1£yer

recordlng [ ayer 6 has a granu magnet ayer

1nc11f&%§‘£él =t O)llgéﬁln%ﬁdﬂféhdt%e é)e eﬁ‘@gultar %ggne‘ﬁc recqrd%r}% rlayer 6 is

magneti C retor

h recoy.din act al l'y perfarned,
a e iy regoainge%@aymgﬂﬂgﬁn%&vai&%w et 4 B! g5y
axis) thereof is chiefly vertically oriented with
mageaiizatien (caystabne gaxpelereet s chighytverically orignted afitirespect to the
finally, a crystalline structure and a nmagnetic 10
nompnagpetic yubsfrateHe Jéepdordi fodlhr awpgraliinestmeiner atdrgmhgryetic
6 determ ne recording and reproduction. [0023] As

pro@eis bf the@eipenticelat Alagn@fc ftb@dpenoRA Gld@wn@[nerf&gﬁ@ﬁlg%nd
recording layer 6, exenplified are -based al | oy

r@@@ﬁﬂmofma CoCrPt, CoCrPtB, @OHBX 15
Pt B-X-Y, CoCrPt-Q, CoCr Pt - Si 02, CoCrPt-Cr203,
QO%EBCZ)Z CoCrPt-2Zr02, CoCrPt-Nb205, CoCrPt-Ta205,
and the |'i ke. Meanwhile, X anong the

abov nment.i oned con tituent erials denotes . Ru, W
and ?.ﬁ éoqu’upg:nt DA sdg Ak geg‘p%‘icular magnet?c recording layer 6,

exemplified are Co-based alloy thin films of CoCr, CoCrPt, CoCrPtB, CoCrPtB-X,
CoCrPtB-X-Y, CoCrPt-O, CoCrPt-Si0,, CoCrPt-Cr,03, CoCrPt-TiO,, CoCrPt-ZrO,,
CoCrPt-Nb;Os, CoCrPt-Ta;0Os, CoCrPtTiO; and the like. Meanwhile, X among the
above-mentioned constituent materials denotes Ru, W and the like, and Y denotes Cu,
Mg and the like.

In particular, when used is the magnetic layer (oxide magnetic layer) including
the oxides of SiO;, Cr,03, TiO,, ZrO,, Nb,Os, Ta;0s and the like and the Co alloys of
CoCirPt and the like as constituent materials of the perpendicular magnetic recording
layer 6, it is preferable that the nonmagnetic oxide adopts a granular structure by
surrounding the periphery of ferromagnetic Co crystal particless. Hereby, magnetic
interaction of the Co crystal particless is weakened, to thereby allow noise to be

diminished. In embodiments, it is preferable that the perpendicular magnetic recording
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My and the like. In particular, when used is the
magneti c | ayer (oxide magnetic |ayer) including 20
the oxides of SiQ2, Cr203, Ti2, ZrQ2, Nb205, Ta205
and the like and the Co alloys of CoCrPt and the like
as constituent materials of 18he perpendicul ar magnetic

recordi it |s preferable that the
laybiahsoRaRed B arapie mRgreas b s vhgh el Restspe layer
surroundi ng the periphery of ferromagnetic Co crystal
inclydes s peds. Hereby, magnetic interaction of the Co
crystal particless is weakened, to thereby allow noise
to b@o24] di m ni shed. In enbodinents, it is preferable
that the perpendicul ar magnetic recording 13 |ayer 6
i s cprdtdcBié BElydro form a granul ar nagnetic layer in
which at | east one layer includes an oxide. [0024]

Prot-egd rg%cﬁé’é/ Ied ;Eflﬁo‘mi@& I%CC;I‘ 5o p?(ytg(!t tlZe % rPgnd(i)cyulla(%%magnetw

in orde ect er en I culFa

LR R b
film
bR 1B, A crbon M s S e

protective layer 7, and particularly the carbon film
arejpeetpmbly ysed pematsrialsnfdbe pro@cliooBStr 7,208 pagntarly ayecarban film
is preferable to use materials known in the past, for
is neocappdferablypsed.| uor opol yet her, fluori nated al cohol,
fluorinated carboxylic acid and the like in the
| ubrjooast |ayer 8. 15 [0026] Next, the first, second
and thlrd enbodi ments of the nanufacturlng met hod of

Lubricant Layer
It is preferable to use materials known in the past, for example,

perfluoropolyether, fluorinated alcohol, fluorinated carboxylic acid and the like in the

lubricant layer 8.

[0026]

Next, the first, second and third embodiments of the manufacturing method of
the perpendicular magnetic recording medium 10 shown in FIG. 1_Will be described. .

The manufacturing method of the perpendicular magnetic recording medium 10
shown in FIG. 1 is schematically composed of a cleaning process of the substrate, a
process of forming the magnetic layer, an irradiation process with inert gas ions, a
process of forming the protective layer, and a process of forming the lubricant layer. In
the first, second and third embodiments, the cleaning process of the substrate, the process
of forming the magnetic layer, and the process of forming the protective layer are
common. The irradiation process with inert gas ions of the first embodiment is

characterized by forming the soft magnetic layer 2, and then irradiating a surface of the
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t he perpendi cul ar magnetic recordi ng nedi um 10 shown
in FIG 1 will be described. The manufacturing nethod
of the perpendi cul ar magnetic recordi ng nedi um 10
shown in FIG 1 is schematically conposed of a
cl eani ng process of the subsdfrate, a 20 process of
or m t he netic |ayer, an irr.adiation process .
soff pgnqtindsyer gat e gas 19n. T ThedBiadition gragrsightihigert gas ions of the
protective |ayer, and a process of formng the
SeCngF’in gfientipcharagterizedhy ormeng the nermediatellayen 3, @nd then
~ enbodi nents, the cleaning process of the substrate,
irradipgingracuefeee ofghe intermiediptet lagemwigin éteirtogak aopsr , Thatrddheion
process of formng the protective |layer are conmmon.
protéss witlt imelit@hé nns pf teesisd Wnbbditieat is ciadcleARE S folifig the
first enbodinent is 25 characterized by formng the
grabflbt mABSAR hfer LaYShutthe tﬁ@?erb@ﬁdlcﬁlﬁlﬁﬁg%r@ih ?&o?diﬁ%fa &€ and
Ihert gas 1ons.

of the 14 soft nagnetic layer wt

BBl S0 PHESERRY oAy LAl
7 RO S e bl P MBS 10,2 St oce

irradiation process with inert gas ions of the third

embo®0%%éht is characterized by form ng the 5 granul ar

magneti c | ayer constituting the perpendi cul ar nagnetic
r ecottaning IPagasss &, thafubstiateen i rradi ati ng a surface of

t he granul ar magnetic layer with inert gas ions.

Her elnnaé trahufac@eing @todehieo I Mg@RSE SisM fitst, Qﬁ:aﬁ'ﬁ?fahii BBARg of the
[0027] deaning Process of the Substrate 10 I'n the

sub¥Bae i @6 bidal P Pe@bt@s S Eobn & RBRBbimt SKis Hfér%]le to perform
cl eaning and drying of the substrate’is Pyplca Iy

cle&ﬁﬁ% Qﬁd‘&r‘}g} a%? té) [hetfg%&a%{gﬁ)lqgérggp %?mitagvi%\ﬁ%&?tgc{f%%%g atdgesion

perform ning an ryrng pri
t hereof frao vi.ewpoi nt qQf securing, adhesi on _of each
of agly 45T rinithe i HRR PRGOS0 RIbBatEHbE Slgung Metiodiohdhe
cl eaning nethod of the nonmagnetic substrate 1 is not
nonmagnetiel sybstrafgtlels net limiedig, watatcledning, iand klse sxlusles aleamigg by
by 15 etching (reverse sputtering). In addition, the
ctchmp$tevatse spitieeings  dhaddifiot, thastlistateaide)is also not particularly
limited.
[0028]
Forming Process of the Magnetic Layer
In the forming process of the magnetic layer, the magnetic layer composed of
the soft magnetic layer 2, the underlayer 4, the intermediate layer 5, and the
perpendicular magnetic recording layer 6 is sequentially stacked formed on a data
recording region of the nonmagnetic substrate 1.
A DC magnetron sputtering method or a RF sputtering method is typically used

to form each layer of the soft magnetic layer 2, the underlayer 4, the intermediate layer 5,

and the perpendicular magnetic recording layer 6. In addition, it is also possible to use
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limted. [0028] Form ng Process of the Magnetic Layer
In the form ng process of the magnetic |ayer, the
magneti c | ayer conposed of 20 the. soft magnetic

| ayer 2, the underlayer 4, the internediate |ayer 5,
and the perpendicul ar nagné@ic recording layer 6 is

[ - f d .a d di
on REHERLC b S iaorct PSS BB SR e U o b hagma i, and

sputtering nmethod or a RF sputtering nethod is
anP@g?%a||y used to formeach |ayer of the soft

magnetic |ayer 2, the underlayer 4, the intermediate

| ay el h&sputipBng ge nressuppent plentdine of Sim fiergrativn ¢s appeaprititeiy

layer 6. In addition, it is also possible to use 15
detenniREd bi @der ta bEEorhé egstimal dbutReriBlcs for gith38/cPC Bhagall@he

02 gas, a H2O gas, a H2 gas, and an N2 gas. The

pre§siié {sIohREIIAR® HRRESMR Ala deBfeeldr® B Of(PW@fs%ﬁds?era while
is appropriately determned in order to Bécone

1 FieStl | aver. neral.ly,, the

o B Ak o s eyl B b B e R Bt o

of 0 30 (Pa), and is adjusted while observing

t he g&??grnance of the perpendicul ar magnetic

recordi ng medium 10. [0029] Meanwhile, it is _ .

pr ef Meaphils, & if grefsrable 42 frar an/asperityea thesurtace obthetinermediate

intermediate layer 5 by heightening a filmformation
laygra® bp heigbignimgaf filirhiorati ey grasdiredserel cdyter infermadiatedgyer K50n order

to formthe perpendicul ar magnetic recording | ayer 6

to fotthhthapgpaniidudar iidgheté tocerditielagBy6 with apefudd? siuéfes. Ofereby,
the magnetic | ayer including an oxide constituting the

sinBeAPexdé 6£4h8 maghBEa}:GnéIBGR: %%Qide%?ﬁittﬁ[éﬂgsthg 8L:1lp%ﬁ<ﬁigﬁilar

in a concave portion of the Surface o

L S e N L
int%ﬂqmeefif? ehllg?rﬁrﬁ ﬂ:geaqe\ggeglgictupa? rr];a{glnrer%ig Sercor Erigolgye%%sbe%gr?lgss g rgreanular
structure.  On the other hand, when the film formation gas pressure of the intermediate
layer 5 is heightened, there may be a concern that the crystalline orientation of the
intermediate layer 5 is deteriorated and the surface roughness is excessively large. For
this reason, it'is preferable to sequentially form the intermediate layer 5 as a two-layer
structure of é low gas pressure ﬁlm-foﬁning layef and a high gas bréésure ﬁlm-fdrm.i.n'g
layer. Hereby, it is possible to satisfy both maintenance of the orientation of the
intermediate layer 5 and formation of a surface asperity.

[0030]

Irradiation Process with inert gas ions of the First Embodiment

The first embodiment is characterized by forming the soft magnetic layer 2, and
then irradiating this soft magnetic layer 2 with inert gas ions. Since the soft magnetic

layer 2 is easy to be oxidized because of plentiful inclusion of Co or Fe and the like, it is
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15 layer 5 is heightened, there may be a concern that
the crystalline orientation of the internediate |ayer
5 is deteriorated and the surface roughness is
excessively large. For this reason, it is preferable
to sequentially formthe intérnediate |layer 5 as a
structure of | ow gas, pressure

cons] eFﬁdr%ﬁﬁane A gpEPsignet Qlemegwnglag ap Fagasficerecording medium 10.
filmformng |layer. Hereby, it is possible to satisfy

Copsarenth reighriberoidiatioa vof wer 85 sms.ofingerierpglements are
internmedi ate layer 5 and formation of a surface

invadqakinic the soff fAgMYticl layadi tatharebyRraasemdvamelt of ey hagiisic
ions of the First Enbodi ment The first enbodi ment is

par€ibi@k ﬁﬁEeesfulpﬁl%ﬁseE}’ltﬁ@édﬂsf&reﬂhﬁat%ﬁ@hﬂ@ﬁ%@ttﬁecllﬁeadﬁﬁe fagnetic
and then irradiating this soft magnetic Iayer %h

partiBRl bf 8% )Pa.ﬁlicrz‘&(“;ax@%e 0d (the#@lgaq‘{%{' 'rg];en]%tri I?etic

IS easy tO ecause I nc

B L Bty cgpsawa&nﬁ%°“%a§vff,cn@?qage e
recor.di ng .medi um_10, nsequently, through the i
megRGHiS RV PARTRQRC i dere %Sfégusedwgratsqwé thake oo magpaic
are invaded into the soft netic layer 2 to thereby
pargiglgs &0 brospatreled. ofHernby. g ﬁ@l@ﬂl rechthat thelsef magnbiéc layer 2 1s
suppressed, it is considered that mgration and the

stabiliked, ahd péreratpgrdmigradbiopand thelléke offthd fegksdicpaytilalis
particles and the like (hereinafter, referred to as

suppR&ke&t éven iPBéttand HREid CRcEHRRICES S etlirtHeR @Q‘@ohél@&ed tHat iR
consi dered that an active surface of the sof

omg@gm{? seffb(gy&&?@%fgmﬁgﬁ%%e& 9id gﬁo%éf HENBY ¢ cgﬂsﬁ{g%é on

netic par cles

controlled,. Hereb it is.co ed that the s

Cﬂ'ﬁfﬁgﬁl&o et FT BeNeyer e RIS SO Rt drit 2R Dpfmproved.
m gr at gn and the like of the magnetic particles is 10
supp kd even in hot and humid circunstances.
Further, it is considered that the oxide of the
sur f Bdeprsferathetosesetgapesgpieny ond kipd or fors thagmne &thds selected
thereby causing the <crystalline orientation of the

frolrayy group eomssdingof tAreHs 0X¢ amdnat the iledy@ises? tThel®ove-mentioned

i nproved. [0031]
elements are preferable because the elements are chemically stable, and an effect of
suppressing migration and the like of _the magnetic particles is high.
[0032]

It is preferable to use any method selected from a group consisting of an ion gun,
inductively coupled plasma (ICP), and reactive ion plasma (RIE) in an irradiation method
with inert gas ions. It is preferable to use ICP or RIE from a point of the large amount
of irradiation.

The inductively coupled plasma (ICP) is a high-temperature plasma which is

changed to a plasma state by applying a high voltage to gas, and is obtained by

generating Joule heat caused ‘due to an eddy current in the inside of the plasma by a



10

15

20

It is preferable to use gases of any one kind or nore
than one kinds selected 15 froma group consisting of
Ar, He, Xe and Kr in the inert gases. The
above-nentioned elenments are preferable because the
el ements are chenically staBi’e, and an effect of

S ressi.n 1gratian and the |Ijike of .the magnetijc
v EE R el FEReh fisaipty. Sineq b JrBieurdlh canie! basmahss ¢
. method sel ected froma group consisting of an ion gun,
highglactian densityy i ixprpsiblatopnedifethe n@gmtl%grmac@a@twthh ahigh
plasma (RIE) in an irradiation nethod with inert gas
efficemsy with respept tofadpaolazed magresicfi@. or RIE from a poi nt
of the large amobunt of irradiation. The inductively

coupTrerepttadian plasiih (REE s BiptmaeiapRigdigh RaBhd§Bhich reactive
which is changed to a plasm state by applying a high

gasé® LiAAR SEQ, ©BE,, @& 9nd &Pk LARY tg%f)la%élageﬁglr Atd %Qsoﬁoﬁ‘ ke
h ent In e of

eat caused due to an eddy curr I'n the insi

I . ' magnetic fiel.d of high .
pofstie B AT Baifodfon ot ey ERREbShracs B heSnaeheds im witn
high electron density, it is possible to nodify the
ahﬁﬁ%ﬁ C¥htharacteristics with a high efficiency with
respect to a large-area magnetic film The reactive
i on H038hm (RIE) is a plasnma having high reactivity
whi ch reactive 5 gases such as SF6, CHF3, CF4 and
CCl1 4lreadéatimd drdedse withaseragasfons ¢fithe Seaad dmbddimers
possi ble to realize nodification of the nmagnetic

char FG¢ gcbsd eSoditnehh B cHE@ORE & $P>i fornigl the irflerfle@R€d layer 5,
efficiency. [0033] Irradiation ocess with inert gas

' - of 1 ' : nd enbodi ment
o B O B e B R T over 5

ond G AR AR L BT S AP e v
is ésgg ras? ithrgzaillflttegltlédierltgflaeyre; g’d sirtlcoe a{lelSoinQ ati%g(iia;e? gncli iinll(pegrities in minute
amounts of the surface of the intermediate layer 5 are removed by irradiation with inert
gas ions, it is considered that crystalliéation (fineness of a particle diameter and vertical
orientation) of the perpendicular magnetic recording layer 6 stacked and formed on the
intermediate layer 5 is improved, and SNR is improved.

On the other hand, when an oxide of Ru and thé like is used as the intermediate
layer 5, since the inert elements are invaded into the surface of the oxide magnetic layer
by irradiating the magnetic layer including an oxide with inert gas ions, to thereby cause
movement of the magnetic particles to be suppressed, or since an active surface of the
magnetic layer including an oxide is removed, to thereby suppress migration and the like
of the magnetic particles, it is considered that the intermediate layer 5 is stabilized; and

generation of migration and the like of the magnetic particles is suppressed even inhot

and humid circumstances.
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is used as the internediate | ayer 5, since an
oxidation layer and inpurities in mnute anounts of
the surface of the internediate |ayer 5 are renoved by
irradiation with inert 15 gas ions, it is considered
that crystallization (finend§s of a particle dianeter
and v ﬁ%ical orientation) of the perpendicular
magnet’r¢! recordi ng | ayer 6 stacked and forned on the
internmediate layer 5 is inproved, and SNR is inproved.
On thhés prefeablaionese oppenmere BxeridesestsciRated iwm b grdupleensisting of
used as the internediate layer 5, since the inert
Ar,dile Xervrsl Kor. e Thewehdedmentianedhedernent§ aeeretrablecheoxiisd@hey are
magnetic |layer 20 by irradiating the magnetic |ayer
chenfi€diLiditatde, @ d axiedlRctiflstipprosite Mafaticd thOlikd'6f BB Ynagnetic
cause novenent of the magnetic particles to be
pmﬁU@PEﬁﬁ%ﬁd' or since an active surface of the
magneti1 ¢ | ayer including an oxide is renoved, to
thergﬁgsfuppress mgration and the |like of the
magnetic particles, it is considered that the

internediate layer 5 is stabjlized, and generation of
mi gﬁb’tsipaﬁf%%%??& Pise ey mehod srisci A @TQWRCONSPARE 9isan ion gun,
. suppressed even inhot 25 and hum d circunstances. 18
indpeto@hy ceupledsplpsnes dERblaad renctive icormasya RIERin avdradigtioe siethod
selected froma group consisting of Ar, He, Xe and

‘witKrinerT s iatov dt isgm¢fembledo ebe EP bsREE &oprthé poiabbea large amount

because they are chemcally stable, and an effect of
of istaBpkieasi Nng m gration and the like of the magnetic 5
particles is high. [0035] It is preferable to use

any {gt hHad Edphd LR ;

aun, TR AP B AL IOP PR, RS Tl W i

i on, pl asny I inan irradiation method. wth inert
chigf RE™Ent Tl et B Rl 1B s EbiPeiiFne

poi nt of | arge appunt 10 of irradiation. The
ger}@f?&@&@@ﬂgﬁ%@&ﬁ%@eﬁp 48 fedy papynt insth ipgidprofitberplasme by e

| asma which is
va.r?able magnetic field of a high frequency. Since the inductively coupled plasma has a
high electron density, it is possible to modify the magnetic characteristics with a high
efficiency with respect to a large-area magnetic film.

The reactive ion plasma (RIE) is a plasma having high reactivity to which

reactive gases such as SF¢, CHF3, CFsand CClyare added. For this reason, it is possible

to realize modification of the magnetic characteristics of the magnetic film with a higher

efficiency.

[0036]

Irradiation Process with inert gas ions of the Third Embodiment

The third embodiment is characterized by forming the perpendicular magnetic
recording layer 6, and then irradiating the granular magnetic layer (oxide magnetic layer)

including an oxide constituting the perpendicular magnetic recording layer 6 with inert
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changed to a plasma state by applying a high voltage

to gas, and is obtained by generating Joule heat

caused due to an eddy current in the inside of the

pl asma by a variable nmagnetic field of a high

frequency Since the inductilely coupled plasma has a

g§ tron density, it is possible to nodify the

gasrfé?&ﬁet inCe.{bs ezt depgits gy adedanteithgsurfare pEthesidemagnetic

respect to a |arge-area magnetic film The reactive
layephy prasdigtieon (vRitEneit ganioph.dhenaby earising thogmeneafthieid orystal

which reactive gases such as SF6, CHF3, CF4 and CCl4
pazgickes aduhpdsedfedin Qohillyr(basimaftet, refesedsBidy @ysthopdredbd)Ze is

nmodi fication of the nagnetic characteristics of the

conBidpREd 1hat thigdrifoM 4l tRe HkObBhe CELrfifiipahRNG Yare %}L&)%%%Led. In

Irradiation Process with inert gas |ons of t

adcﬁﬂpﬁ’ di ﬁ%@flsﬁé}@d i 'gllgc S{i@éﬁ&fﬁfaﬂég é‘{“ #h% o%r e ot %g{le ﬁlygr 1é¥ergoved

forming the perpen

o B A AR R 0

stltutl t.he perpendi cul ar magnetic recordin

Heregv eft 1%CqRS %reﬁﬁ@ﬁtﬁ)hel&rpwq@ﬁéagn%lmeéom lapent i stabilized,

el ements are invaded into the surface of the oxide
andygepieaation of migration pf theGri¢raistabpartigletisisngpressgdisvénondiot and

t hereby causi ng novenent of the Co crystal ©particles
humadhgicsedtatesa Co all oy (hereinafter, referred to as Co

crystal particles), it is considered that mgration

and fgos7]|i ke of the Co cryst aI particles are

suppressed. In 5 addition, i s considered that the

act i y&s SIEHANE 1 Pilsel | "EOP &
to ther E%y Cause Sren"grgé’? ?&lgﬁ@a&gﬁ%g Y Slgleﬁ %‘fon% gf%up Shiisting
r taI arti.cl es b ressed. it

of ﬁﬁ?@f B R e ot PaedpResE RS Sinaurliranl hosasiedhmgloments
‘ﬁ@ is stabilized, and generation of n1%rat|on of

arey meailafrs feapndyp gifect efsuppressipp migzatian andtheilike o thesBel
hun1d_C|rcunBtances 10 [0037]

crystal particles is high.

{0038]

It is preferable to use any method selected from the group consisting of an ion
gun, inductively coupled plasma (ICP), and reactive ion plasma (RIE) in an irradiation
method with inert gas ions. It is preferable to use ICP or RIE from a point of a large
amount of irradiation.

The inductively coupled plasma (ICP) is a high-temperature plasma which is
changed to a plasma state by applying a high voltage to gas, and is obtained by
generating Joule heat caused due to an eddy current in the inside of the plasma by a
variable magnetic field of a high frequency. Since the inductively coupled plasma has a

high electron density, it is possible to modify the magnetic characteristics with a high

efficiency with respect to a large-area magnetic film.
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It is preferable to use one or nore inert gases

sel ected fromthe group consisting of Ar, He and Xe.
The above-nentioned el enents are preferabl e because
the el enments are chemcall stable, and an effect of
suppreSS|ng m gration and t like of the Co crystal

part es s 038 rable.to use
any %ﬁwgé%??ér&aﬁ%% ﬁ%lagwa&ﬁv%gﬁgsﬁg&eﬁﬂw%toxﬁl
i nductively coupl ed pl asnma and
rea?%‘é?c&%SQSeS“F]é As pFadihf 3 RFend GChiarg qdlda@. aF‘PrdhlS reasemAtis possible
Wth inert gas ions. It is preferable to use ICP or
to replizefmodificationiof theomagndtiacharactaristinstof die magrmetic il ovith 2Righer
The inductively coupled plasma (ICP) is a
effloiegby.t enperature plasma which is changed to a plasma
state by applying a high voltage to gas, and is
obt ajopgd) by generating Joul e heat caused due to an
eddy current in the inside of the plasma by a

vari p&hﬁemggs qcmgé ﬁ{o?ecﬁ(re Eajé*grgh frequency. Since the

i nductiv a high electron

densj t ' Slb e to nDdlf .t he netic
: harf:;’ctfvléf reeficiy O R praf e Gl Tet £ BOSHRLS vt A SPetssie
a |l arge-area netic film_ 20 The reactive ion
mew()ésﬁalam EVI? @egl%'p astha likenand ghaplgsme £3d methogl is particularly
whi ch reactive gases such as SF6, CHF3, CF4 and CCl4
prefarable.d dBatheEdt istpoissibleda vy magnatmngdmdﬂ:‘dD methodal Inzeldition,
nmodi fication of the magnetic characteristics of the

therfignt@ickaesk iof thevprbeciivdliagdienr is iefleirgn @l toS 0[(Q19§ Hreferably in
Form ng Process of the Protective Layer In the

efr%g%f'ﬁﬁ 6Qhrr) hﬁldﬁfl@k%ﬁéﬂ:‘t‘éﬁlﬂ 1@{&5 raz%vbf 2 kP4 )S' ble to
D net h

use a sputtering nethod, a’plasma or the
l'ike the plasma CVD methodls particularly
preftera e Further it is possible to use a magnetron

p! aslg'a rming Process of the Eu‘t?rgcg.lntt tayer

In the formation of the lubricant layer 8, methods known in the past such as, for
example, a dipping method, a spin coating method, and the like can be used. In addition,
the film thickness of the lubricant layer 8 is typically in the range of 1 to 4 (nm).

As described above, it is possible to manufacture the perpendicular magnetic
recording medium 10 shown in FIG. 1.

[0041]

Magnetic Recording And Reproducing Apparatus

Next, a magnetic recording and reproducing apparatus of the perpendicular
magnetic recording medium 10 mentioned above will be described.

FIG. 2 is a diagram showing an example of a magnetic recording and
reproducing apparatus using the above-mentioned perpendicular magnetic recording

medium 10. As shown in FIG. 2, the magnetic recording and reproducing apparatus
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10 the filmthickness of the protective layer 7 is in

the range of 1 to 10 (nm, preferably in the range of

2to 6 (nm, and nore preferably in the range of 2 to

4 (nm). [0040] Form ng Process of the Lubricant Layer

In the formation of the | ub2icant |ayer 8, nethods

known in the past such as, for, 15 exanple, a dipping
10Gvisclvdes tha psppendieelat magnatis rersading mepdivre 10 hreing she be

used. In addition, the filmthickness of the
abdvebnémimnéd tangatuehts] smeyipimodiiviyg portiohd O aliey eotafiorkily @rides the

(nm. As described above, it is possible to

erpBiib G tHAgetib CecBRIMEMSHIGH BU, aMBEHIREiE Bead FI2QR& rB&rds and
P medi um 10 gglhown in ,%EG 1. [0041] 20 Magnetic

repﬁg@géﬁhﬁﬂnéﬂgn RERE g 1 thlgulﬁipﬁﬁgﬁétﬁ%eéﬁ&i%ﬁ g?edf’[ﬁﬁ’ 764 fead

Ing and repr cl ng apparat us
.per pendi neti c recording.nedi 1Q,.nenti ope
aribiph el 15 Sl B T B e PR s e 105 M Rl e
an ex | e of. a magneti ¢. recording and. reprodugci ng .
perRgRsiF AR RAgREHA G ORUn GBS ST e AdeS g‘f‘%@ﬂ FRERijcInE signal
magnetic recording 25 nedium 10. As shown in FIG 2,
prachssingesystem 4 ecor di ng and reproduci ng apparatus 21
100 i ncl udes the perpendi cul ar magneti c recordi ng

medi [0@42D havi ng the above-nentioned constituents, a
medi um driving portion 101 that rotationally drives

t he TREfREMIEIM dAEpFRAEIRE bienklgFOEdting syiReh 104 pfdcedes data
magneti c heaJ§102 ?hat r%cgrdgﬁand ?eproduceé

mﬂrlrlgg'?ﬁﬁt]ﬁ& h?@ide% E%ﬁ LRGSR o ﬁ@gt%ggétﬁ]}gﬁﬁﬁqbgj 419 processes

a hea riving portion

| ati.vel. th ti 102 with t I
o S RS o M R 5 et At S G e
recordi ng and reproduci ng signal processing system
outsgie. [ 0042]

[0043]

It is possible to employ a magnetic head applied with a higher recording density
which has a GMR element using the giant magneto resistance effect (GMR) and a TuMR
element using the tunnel effect as well as an MR (Magneto Resistance) element using the
anisotropic magneto resistance effect (AMR) as a reproducing element, in the magnetic
head 102 used in the magnetic recording and reproducing apparatus 100 of the
embodiment.

[0044]

As described above, according to the manufacturing method of the perpendicular
magnetic recording medium 10 of the first embodiment, since the soft magnetic layer 2 is
irradiated with inert gas ions, it is pdssible to reduce corrosion of this soft magnetic layer
2. Hereby, it is possible to improve corrosion resistance of the perpendicular magnetic

recording medium 10.
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The recordi ng and reproduci ng signal processing system
104 processes data 10 input fromthe outside to send a
recording signal to the magnetic head 102, and
processes a reproducing signal fromthe magneti c head
102 to thereby allow data tg2be sent to the outside.
[0043] It is possible to enploy a magnetic head
appl[0e4swi t h a hi gher recording density 15 which has

a GWR el enment using the giant magneto resi stance

ef f dataddiGYR) siddedhaodidMibrelageesitt thel fhngitiesand thenile in minute
ef fect as mell as an MR (Magneto Resi stance) el ement

am%@t@gftthp o3 Qe ?t'rﬁa%fﬁﬂ@%y%r@%?é l%hms@bﬁ&a‘%ﬁ&m{gémoﬁ

a repro cing el ement, in'the magnetic ~ head

ma%rbeglgrl%s{erE Hblnglfi %%ﬁqlons \ nlo(r?gm%glr?? gx&él%plég%fa I%tlon of the
descri bed .above cor 0 the uf acturin
andSfiagand: Ber BER LR 4o medhiehe SPERURUPHAe B GrEOLEPBfeer 6
the first enbodi nent, since the soft nagnetlc | ayer 2
which ar¢ stackeH ané frrwied onithesalt magnstisayeri2t i s possible to
reduce corrosion of this soft magnetic |ayer 2.
Her elp46t is possible to inprove corrosion resistance
of the perpendicular magnetic 25 recording medi um 10.

22 TRQébte, bicordidp té B maiufetudidiemethbdat thepetpygicular
t he |rrpur|t|es and the like in mnute anounts of the

ma?ﬁ’étfcﬁ‘@@or&fn tntfl%uﬁﬂflp o RS &nb@diﬁl’éntz 1t‘i§ ﬁos@ﬁ;‘l@t‘é@garmfacture the

rra atln the so nagnetlc ayef 2 Wth inert gas
perpﬁ% 1¢5ulﬁr nra%gmetl (r)escsogflb ing'me 81un% &9 neﬁphcl{a\é% g:lllehg cg)r}o?ﬂ)&(%%%stance

andgige %%'léﬁ@ar%w%&?re%hfmﬁéc ?%t?ﬂ%egﬁefﬁh@aﬁﬁgg“?‘éh‘%@ possible to
pro[v?d%ﬁglz magnetic recording and reproducing apparatus 100 to which the
perpendicular magnetic recording medium 10 manufactured by the manufacturing
method of the first embodiment is applied.

[0047]

As described above, according to the manufacturing method of the perpendicular
magnetic recording medium 10 of the second embodiment, since the oxidation layer and
the impurities in minute amounts of the surface of the intermediate layer 5 are removed
by irradiation with inert gas ions in the case of using Ru or Re, or the alloy thereof
(hereinafter, referred to as Ru and the like) as the intermediate layer 5, it is possible to
improve crystallization (fineness of a particle diameter and vertical orientation) of the
perpendicular magnetic recording layer 6 which is stacked and formed on the

intermediate layer 5, and to better the SNR.

[0048]
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Therefore, according to the manufacturing nmethod of

t he perpendi cul ar magnetic recordi ng nedium 10 of the
first embodinment, it is possible to manufacture the 10
per pendi cul ar magneti c recordi ng nmedi um 10 whi ch has
excel l ent corrosion resistange and excellent in the
magneti c recordi ng characteristics. In addition, it is
pos sinkdddition, wheman dede kechradghetndcthe ko isdisad amtid intermediate
reproduci ng apparatus 100 to which the perpendicul ar

lay /B RiHck endvefRhCb iBe fREheD pHetiTBNY fsasrelsed Ay td iRPasion of the
manuf acturing nethod of the first enbodi nent is

1neﬂrépe!n|u§fés iémEQQr‘%ZJe o‘ﬁ.lﬁéj%ﬁﬁ% H%%get?cqg & Qﬁgﬁﬁgﬁg&etiﬁ]termediate

he manu act uri ng e per ICU

ecor medium 10 of th nd_enbodi
lay?ﬂ%ﬁl e §5G PERFE PP Rl hEfES ﬁﬁew@%ﬁ%&eé s
m nute anmounts of the surface of the_ internediate
suppggratd By movingpe el vesyriaes althamaghetis lareriipelpding 4g oxide, it is
ions in the case of using Ru or Re, or the allo
posside teottatilize the insermediate layeres o r Fasdhis seasen, Ruis zmelsl{lhéo suppress
like) as the internediate layer 5, it is possible to
geriepgiionud ntipyesivalahd fetlikerof(the magesis paftickeseaci irch® and humid
di ameter and vertical orientation) of the
cirQghpads cul ar magnetic recording |layer 6 which is
stacked and forned on the internediate layer 5, and to
bettﬁm4bgg SNR. [0048] 23 1In addition, when an oxide
such-as Ru and the |ike is used as the I nternedi ate
| aye Si nce t ma articl
suppT RS deEor D P SR R oA of T RemgsnieulaRy o
t he surface of the OXIde magnetj c Iayer by irradiating
magpgiq rsedipgdnedium 1007 dhe speqpd empedimenty the avgrage pagticle diameter
since mgration and the |like of the magnetic particles
of the cBystal pprtsiesednifutingthe pegpendiculacmagretic wedoading ddyet has
magnetic | ayer including an oxide, it is possible to
extsdradliy Ifing earidnecriysthley agslofthe chaydlinestrubiare §fhths peasditular

it is possible to suppress generation of mgration

ma%rdgkﬁi% Reokidgdaplr 6 PAtiOREASHChdRAEral b8 SesEyRRiddsthRtur@idp
structure) is oriented in a state of extremely small angular variance with respect to the
substrate surface, to thereby allow the perpendicular magnetic recording medium 10
which has excellent corrosion resistance and excellent high recording density
characteristics to be manufactured. In addition, it is possible to provide the magnetic
recording and reproducing apparatus 100 to which the perpendicular magnetic recording
medium 10 manufactured by the manufacturing method of the second embodiment is
applied.

[0050]

As described above, according to the manufacturing method of the perpendicular

magnetic recording medium 10 of the third embodiment, since movement of the Co

crystal particles composed of the Co alloy (hereinafter, referred to as Co crystal particles)
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ci rcunstances. [0049] 10 Therefore, according to the
manuf acturi ng nethod of the perpendi cular nagnetic
recordi ng medi um 10 of the second enbodi nent, the
average particle dianeter of the crystal particles
constituting the perpendi cuRdar magnetic recording
layer 6 is extrenely fine, and a crystal c axis of

is suhpressed dueitd inmasien ollfbe inext adémente inge theemdiacaidfathe oxide magnetic
magneti c recording |layer 6, particularly the hexagonal

layel ipsestliafag Kiengasilituabgiedce {yep (ckidesmbgetion®)kr) isicluding an oxide
oriented in a state of extrenely snmall angul ar

coﬁéﬁfdti%g(ﬂ?e Pirbdhdi &3ReE4gnt B Peﬁ@rd11§glﬁ§é1r@¢vﬁh% Qa%%nst Ris

t hereby allow t he perpendlcu ar magnetic recordi ng
R b S b vee
s RodPal A BRGRE bRBEEH R el %ﬁ@g%.%ﬁpfte%ed by

apparatus 100 to which the perpendi cul ar netic
rem%@aﬁ &e Aefivesuisas ohthe oxids MASREYS 1Ay e Byis M@l ered that the
manuf acturi ng nmet hod of the second enbodi nent is
perppplicwal mi@REO Fecordingl byer 6 Isethbalzpdeandatbatogedematon of tigration
manuf acturi ng nethod of the perpendicular magnetic
and e dikd iofi ther@®alénystallphrtiéles RSupressdd evdroni Hoe Ald hehiice
novenent of the Co 25 crystal particles conposed of
cirbiigstGRedl | oy (hereinafter, referred to as Co crysta
particles) 24 is suppressed due to invasion of the

| ner ‘rh%ﬁ?? %Eé rh ‘Eo %Mi@%ﬁnﬁ&eﬁuﬁ& o?ﬁle%%g&@?ﬁﬁfairc

| ayer | Pradi e gra magne
e E R g 'cﬁ@nééroaélm %'e%%ib%ﬁa%?@ﬁrx%%%é%m? fgnufacture the

| ayer 6 Mﬁth i nert gas ions, i s considered that
pelmpwlalﬂlardﬁagmﬂp liecording mpdivan I%mthhaégxceéleammamtance of

In addition, since it 5 is considered that mgration
thegpedpdndesulair lnfagnétid feeor@mgdayes tbadndparctlient kigh irscosdipp derssstgd

by renoving the active surface of the oxi de magnetic
charagteristick.! Insadd@iisi, fés pebsibleato préeide the magnetic recording and
reproducing apparatus 100 to which the perpendicular magnetic recording medium 10
manufactured by the manufacturing method of the third embodiment is applied.

[0051]

In addition, the perpendicular magnetic recording medium 10 of the embodiment
can be applied to a new perpendicular recording medium such as an ECC medium with
high future improvement in the recording density anticipated, a disk read and write
medium, and a pattern medium.

Examples

[0052]

Hereinafter, an advantage of the invention is made more obvious by examples.

Meanwhile, the invention is not limited to the following examples, but can be
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per pendi cul ar magnetic recording |layer 6 is
stabilized, and that generation of mgration and the
like of the Co crystal particles is suppressed even in
hot and hum d circunstances. 10 Therefore, according
to the manufacturing nethodof the perpendicul ar
magneti c recordi ng nedium 10 of the third enbodi nent,
appiopriatelyposdifietl end carnad ofitaethinghd tvepe pethpetrchangingthe gist
magneti ¢ recordi ng nmedi um 10 whi ch has excel | ent
ther€&ft r osi on resi stance of the perpendi cul ar nmagnetic
recording |layer 6 and excellent high recording density
chaf @gi@rlstlcs In addition, it is possible to
pro& e the magnetic recordlng and 15 reproduci ng
app%y %s%qg6 o whi ch the perpendicul ar magnetic

recor un110 nanufactured by t he manuf acturi ng
nethod of t enbodl I|ed 00
addi‘t YA 4 %éﬁsffle&ﬁ% 1@ Sirpie g ar%owsféoqvaﬁalated

10 of the enbodlng t can be applled to a new
at equa preemdliessuban 1.0atdr Hapg medi um such as an ECC medi um
with 20 high future inprovenent in the recording

dendNdxy, @niiecZ patefdrmad & tska fibathigl@syef 308(nmdyRE b 46Tt magnetic
and a pattern nedium Exanples [0052] Hereinafter,

lay&‘%y%giﬁ%%@%ﬁtt@fmé Hﬁtﬂoﬁ\bﬁr{&s‘%ﬂbéu%tmde more obvi ous by
exanpl es. Meanwhil e, the invention is not limted

to t ollomnng exanples, but can be 25
appﬂoprlately nodi fied and carried out within the

AT TR L L A
gl ass substrate was previously evacuated
the soft magnetic layer with plasma of the inert gases by using Ar, He, Xe and K.
Irradiation with the plasma of the inert gases used the irradiation conditions of a quantity
of flow of the gases of 5 (scecm), a pressure of 0.014 (Pa), an accelerating voltage of 300
(V), a current density of 0.4 (mA/cm®), a processing time of 5, 15, 25 (sec). Here, the
perpendicular magnetic recording mediums pfocessed at a processing time of Ar plasma:
5,15, and 25 (sec) were set to examples 1, 2 and 3, respectively. In addition, the
processing time was set to 15 (sec), and the perpendicular magnetic recording mediums
processed using He, Xe and Kr as the plasma of the inert gases were set to examples 4, 5
and 6, respectively.
[0055]
After irradiation with the plasma of the inert gases, NiFe that has a face-centered

cubic structure (fcc structure) as an underlayer formed in the Ar atmosphere of a gas

pressure of 0.6 (Pa) in order to be a film thickness of 5 (nm).
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at equal to or less than 1.0x 10-5 (Pa). Next,
Co28Fe4d4Zr was forned to be a filmthickness of 50 (nm
as a soft magnetic |ayer by using the sputtering
nmet hod on this substrate. [0054] 10 Next, irradiation
with inert gas ions was perf6rmed by irradiating the
surface of the soft magnetic |ayer with plasm of the
i ner Neyfagean Biermedialg layer, Rie waxdoraied txl 0 (nmpy thigkngssi is the Ar
with the plasma of the inert gases used the
atmasphete af & gas preswiid ¢fdhG (Raf), andgbemwvias furthef forneds1 6 nmhthickness
gases of 5 (seem, a pressure of 0.014 (Pa), an
by@&ﬁﬁ%ﬂf&éﬂﬁg@esy@&@ge(mﬁ__ 300 (V), a current density of
0.4 (mA/cnmR), a processing time of 5, 15, 25 (sec).
Her erggsBe 15 perpendi cul ar magnetic recordi ng nedi uns
procgsse at a processing tine of Ar plasma: 5, 15,
and sec).were set .to ex es 1 and. 3 .
FeapdBs POBRIARR mERep! B ARRISE dus bePRTin trigr ofaymein
sef. to 15 (see), and fhe. perpend]cul ar magnetic
feCPé‘i%% Eﬁyﬁrgalhﬂaﬁl ! recﬁfch’&% Srdﬁ)‘l?é‘u %W?P@%éeg S APIRISUEFOL 2 (Pa).
the plasma of the inert gases were set to exanples 4,
Thg perpradigular megnreticirecerding Eyer vesErmaf se that PP §8pGmikin)-10
with the plasma of the inert gases, N Fe that has a
(SiCapeas smtea @tn tidckiess off Fou@mimjras tid meinsteardingig)er.as9@no in the
underl ayer fornmed in the Ar atnosphere of a gas
ab®¥eemehtiche@00QCHCE )10 (Si3P Heriddestemalefrhtion tirtHenaRs
of 5 (nm. 26 Next, as an internediate |layer, Ru was

abb W RAdRA 49 asgrrg d%m(tg gg@@ id b {?lafe oAl Pﬁf& TRIRNEEE AR (R is a

gas pressure o and then was further ?’OFITE

10 (tnrg% tgi qkness by raising the gas pressure to 10
rempal IR5688] Y 5 The per pendi cul'ar magnetic recor di ng

| ayer_was fqrned i rder of a in recgording
| ayerNexh aéﬁ%opifﬁwgrfﬁgg r"ﬁﬁs%@n?%ay%ra BrAtegiivenayer A pher e
at a pressure of 2 ( P?LL.
perfluoropolyether (PFPE) was further applied as a lubricant layer to a thickness of 15 .
(A) by the dipping method.
[0057]
Comparative Example 1

The magnetic recording medium was manufactured using the manufacturing

conditions similar to those of examples 1 to 6. Here, the perpendicular magnetic

. recording medium in which the soft magnetic layer was not irradiated with the plasma of

the inert gases was set to comparative example 1.

[0058]

Evaluation of Electromagnetic Conversion Characteristics

Evaluation of the electromagnetic conversion characteristics was performed
using a spin stand with respect to each of the magnetic recording mediums manufactured

as the examples and the comparative example. In particular, an SNR value when a
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The perpendi cul ar nagnetic recording | ayer was forned
so that 90 (CoCr12Pt18)-10 (SiO2) was set to a film
t hi ckness of 10 (rinm) as the main recording |ayer.
90-10 in the above-nentioned 90 (CoCr12Pt 18)-10
(Si 02) denotes a nole ratio27Further, the 10
. above-nentioned 12 and 18 dengte that C is 12 nole % .
sigpal of 459 §Frbwas neomlsd was mpegsyred i i aiypduatiop spagaetic/hgag by using
Next, a carbon film(Cfiln) was fornmed as a
thepredicat tecomlingayead foramcbrdimgy andiasingthc yieiMik heddPfoPEprodistion. A
further applied as a lubricant |ayer to a thickness of
medSured Abulbthetdd€ ishhpainng Taslehiod. 15 [0057]  Conparati ve
Exanpl e 1 The magnetic recordi ng nedi um was
rranu[(ﬁgb red using the manufacturing conditions
simlar to those of exanples 1 to 6. Here, the

per pendi cul ar, net i.c ecordi ng mediumin which the
'softﬁ‘ﬁ%‘d%éotniogt%gg@'r&ah 1y %(r)utC%ilrFr adiated with the plasm

of 20 the.inert gases. was set to comparati.ve |l e

T Provugione b P RERing Bt v S RBTrL Db BAL VB of a

Characteristics Evaluation of the el ectromagnetic
rockigar st with svpecide eachof ithesmagretisseosding anedipmganuiagired as

stand with respect to each of the nmagnetic recording
thersxdinphes and thef @otparatide e2ampls. t e pakiawpl, Esstanfilng femed on the

conpar ative exanple. In particular, an SNR val ue when

subiktrdié wad Phéd ©fan BLakEiracieielet @Al ad AagstamAsie RealieNto the
an eval uati on magnetic head by using the verti cal

sullsBaRr kMo \Q%a&a&%d.r ecordi ng, and using the TuMR head
f A

or reproducti on. nmeasured result thereof is shown

IS? " -urc llrJe? é&;i‘nén L@%%Sﬂe in(?lugevs%l 13 h'(gzrfngo 5 héxha%or%rl%f'c}sg-lplacizlpe“a structure
like the intermediate layer or the magnetic recording layer, a diffraction peak
corresponding to the crystal plane thereof is observed. In the case of the perpendicular
magnetic recording medium using the Co-based alloy, since a direction of ¢ axis [002] of
the hexagonal close-packed structure is oriented so as to be perpendicular to the substrate
surface, a peak corresponding to a (002) plane is observed.

[0060]

Next, when an optical system is swung with respect to the substrate surface with
the Bragg angle by which the (002) plane is diffracted being maintained, a diffraction
intensity of the (002) crystal plane was plotted with respect to an angle by which the
optical system was tilted, and one diffraction peak (called a rocking curve) was drawn.

Here, when the (002) crystal plane is arranged extremely well parallel to the
substrate surface, a rocking curve in an acute shape is obtained. On the other hand,

when the direction of the (002) crystal plane is widely scattered, a broad rocking curve is

obtained.
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Eval uation of the crystalline structure was perforned
using a half value of a rocking curve with respect to
each of the magnetic recordi ng nmedi uns manufactured as
the exanples and the conparative exanple. In
"particular, first, afilmfé med on the substrate was
applied to an X-ray diffractoneter, and then a crystal
pl andiepdprg) it &y Pessibige usy @ halipelyeavidils AP Qefthigaacking curve as a
anal yzed. Here, when a sanple includes a filmhaving a
goodex dgd imalex of tearyradkine od¢entatianurighe pérpenditidar magnetic recording
internmedi ate | ayer or the magnetic recording |ayer, a

medibf I 2G{thRRaRRIF A0S0NE GRARAHhAErk I iReorhisibAlbf fleane
thereof is observed. In the case of the perpendicul ar

' i.noy. redi wm usi - |
perf G Sl RERY oA R S8 B O B B RSty The
cl ose- packed structure is oriented so as to be
megsursddRlfi A Oy shayen wulpdlg bt e surface, a peak
corresponding to a (002) plane is observed. [0060]
Next[00O&@Hen an optical systemis swing with respect to
the substrate surface with the Bragg angl e by which
t he [@pR)1)pl ane is diffracted bei ng maintained, a
diffraction 20 intensity of the (002) crystal plane

Was proffted W th Tespect [0 an anfgLgdi¥asfBicm The
optical |sylseénfinas |t fradigtionand one gl rggigﬁtl on peakéso

(cal | ed |a Edwkémg quilimed (seeds WL HET B ) t he(®)
s ONRET

/A aYako ) erivsot I Nl amad 1 o Ary an

U CTATTCICIY LA |

a
LY
g
N

LPA €fysta S &t
Fkamﬁf.:,le! Stra? supface._a Cki ng—cutrve 3ﬁ

T Ot 1TC

E; Edt e shad¥d | “tn_the atiHed hand, |wheh3

far h e sunface, rotki
- . abt ai had
ExdmepldBr dct i ofrof the (082) crystal pll@f is widely 3.3

Exsaapledr ed, aHeroad [rockifhg curve is 1257 obtai ned. 286

Eddigplelorle, itXd s pgssibl® to|use a haliftrval ue wi dth32

Edlinple @ |t NI s rockifjg cufye as a good pr7 bad 1 ndéx of 5

EJ{QFIPIQWYS[ arl iAHe,_ orijent i.ISi on of E:rj_e pe1r3pfsndi EUiﬂgl-n 3.2
» I | LI I I I V. 4

ESUEPE & |t hetr ystatHnblorrantation i the— | 21
Example i loul aMragndtic fcordi ng redi 3 can be 2.9
Exanplei i dd toHe norle exb®lient . The 132 2.8
Example 11 Xe 15 13.6 3.4
Example 12 Kr 15 13.3 3.2
Comparative i 0 12.4 4.4
Example 1

Comparative o

Example 2 - 0 12.7 4.2

[0062]

As shown in Table 1, it was be confirmed that the electromagnetic conversion
characteristics (SNR) were improved in the examples 1, 2 and 3 where irradiation with
the Ar plasma was performed and in the examples 4, 5 and 6 where irradiation with the
plasma of He, Xe and Kr was performed, with respect to the comparative example 1

where the soft magnetic layer was not irradiated with the plasma of the inert gases.
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5 neasured result of A0O50 is shown in Table 1. [0061]
[Table I] Irradiation Irradiation Electromagnetic A950
Conversion Element Tinme (sec) Characteristics (SNR
dB) (0) Exanple 1 Ar 5 12.9 3.5 Exanple 2 Ar 15 12.8
Exanple 3 Ar 2512932% Exanple 4 He 15 12.7

3 3
le. 5 13 2 Exanple 6 Kr 15 12.

3 5 Ingg3iBnelt So0lf bg Sqafirneg Thit ths G RUIng Sighcrys (pmysigline
_Exanple 9 Ar 25 13:42.9.Exarrple 10 He 15 13.2 2.8
origuiedipp) wag gonsiderably gngrogedsin thy gxasnples btaw with raspegt 19 the
Conparative - 0 12.4 4.4 Exanple 1 Conparative - 0O

condifirativé.e2ampleainpl e 2 [ 0062]

[0063]

Examples 7 to 12

A vacuum chamber for setting an HD glass substrate was previously evacuated
at equal to or less than 1.0x107 (Pa).

Next, CozgFesZr was formed as a soft magnetic layer with thickness of 50 nm by
using a sputtering method on this substrate.

[0064]

Next, NiFe that has a face-centered cubic structure (fcc structure) as an
underlayer formed in the Ar atmosphere of a gas pressure of 0.6 (Pa) in order to obtain a
film thickness of 5 (nm).

Next, Ru was formed as an intermediate layer in the Ar atmosphere of a gas
pressure of 0.6 (Pa) at a thickness of 10 (nm), and then was further formed 10 (nm)
thickness by raising the gas pressure to 10 (Pa).

[0065]

After formation of the intermediate layer, the surface of the intermediate layer
was irradiated with plasma of the inert gases. Ar, He, Xe and Kr were used as the inert
gases. In addition, irradiation with plasma of the inert gases used the irradiation
conditions of the quantity of flow of the gases of 5 (sccm), a pressure of 0.014 (Pa), an
accelerating voltage of 300 (V), a current density of 0.4 (mA/cm?), a processing time of 5,
15, 25 (sec).

Here, the perpendicular magnetic recording mediums processed at a processing

time of Ar plasma of 5, 15, and 25 (sec) were set to examples 7, 8 and 9, respectively.
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10 As shown in Table 1, it was be confirned that the
el ectromagneti c conversion characteristics (SNR) were
i mproved in the exanples 1, 2 and 3 where irradiation
with the Ar plasma was perforned and in the exanpl es
4, 5 and 6 where irradiatiodOwith the plasma of He,

erforned, W spect to th )

i S SRR B 19 R b mpemet
was not irradiated with the plasnma of the i nert gases.
recorling medigaistviaeh Wete Mesmairipecssohnsingrtld, Xtand Knes the plasma of
crystalline structure (crystalline orientation) was

theduart gaves wioteyset topaxaupttsilf, t hendkanmpdpestivklt.o 6 with
respect to the conparative exanple 1. [0063] 5
Exanploes] 7 to 12 A vacuum chanmber for setting an HD
gl ass substrate was previously evacuated at equal to

or | R8s, ﬁ'ﬁ@&tllo? whith 80 géSI(lE ar the R tg%sg? ﬁﬁ{ é L% d‘ivéaslargaagnetlc

formed as a soft nagnetic layer w SS 0
t subst r

oo e o RE M 8 8o A B gl P B ey rebrding

st.r structure) n _underlayer formed in
13-‘/?‘&1‘8[%%? xé?‘ﬁé%sﬁﬁ“é Fat Bﬁasapréé%‘f f‘p?fg% e bhe perpendiepar magnetic

order to obtain a filmthickness of 5 (run). Next, Ru
recqpang lgy protpsdermed sothat HeGosirePhaly Kt (Si@)twes stk to a film thickness

at nrosphere of a gas 15 pressure of 0.6 (Pa) at a

of tth{nokrasdlse mAinTOcqrdime layend 9he invhs above-tentidredond 10
(nm)  thickness by raising the gas pressure to 10

(Cd@aPt15]-0065D,) d¥nbRS aln@d1Bdtic0N FatthtN el aﬁb%-%ﬁtlaﬁe% 12 and 18
| ayer, the surface of the inter nedi ate | ayer

derlofid @i @t 89 24hé1B w'mm Qlfolet %eaﬁdﬂésﬁs PR, {-*éspemeb?(e

and Kr were used ‘as

Next, a carbon film (C film) was formed as a protective layer, and
perfluoropolyether (PFPE) was further applied as a lubricant layer to a thickness of 15
(&) by the dipping method.

[0067]

Comparative Example 2

The magnetic recording medium was manufactured using manufacturing
conditions similar to those of examples 7 to 12. Here, the perpendicular magnetic
recording medium in which the intermediate layer was not irradiated with the plasma of
the inert gases was set to comparative example 2.

[0068]

Evaluation of Electromagnetic Conversion Characteristics

Evaluation of the electromagnetic conversion characteristics was performed
using a spin stand with respect to each of the magnetic recording mediums manufactured

as the examples and the comparative example. In particular, an SNR value when a
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20 gases. In addition, irradiation with plasm of the
inert gases used the irradiation conditions of the

quantity of flow of the gases of 5 (seem, a pressure
of 0.014 (Pa), an accelerating voltage of 300 (V), a
current density of 0.4 (m¥é&hR), a processing tine of

. 5 sec) . re, the rpendi cul.ar magnet. c .
sigR) o8 o KECHRR Gherch o8 seatprll My s ih pFenas hepby using
- of Ar plasma of 5, 15, and 25 (sec) were set to )
thegiegtipgl resordingdhegdh fprgecardiapeandiussigthe 3oMR heaglfar tepeasiuction. A
t he processi n? time was set to 15 (sec), and the
mew&mmmhlbﬁp isshoen iz Tabledor di ng nmedi uns whi ch were

pl asma- processed using He, Xe and Kr as the plasma of

the jooeer gases were set to exanples 10, 11 and 12,

respectively. [0066] 5 After irradiation with the

pl aspg APUA NN Betht (F3t8asne ShectBRr pendi cul ar magneti c
recording layer was fornmed in the order of a main

L?C g?%g%wé?}gﬁg st%ﬂﬁé L Rhdre WS g%%ﬂ%@aésﬁg%}éhp viili§of a

as pressure

er pendi cul ar magnetjc_. recordi.ng | ayer was forned so
YOCEH’gltO"UQY? ‘t"%bésli"'f or98ch phtheapagnptiircotiing mgdmsimapuiactured as

thi ckness. of 10 (nnm) as the main recording_|ayer.
thegpramples and His cappomtivg praeiied borartirulasoliyst, 2pilmgliormed on the

(Si 2) denotes a nole ratio. Further, the
sutsbeteevasenplicirte dn I rantiffi8tonterptmd thhat c6stdl plah? pamllel to the

% Pt is 18 nole % and Co is a remmant, respectively.
sub¥axte, suffaaramalyzédn (C film was forned as a

protective |ayer, and perfluoropolyether (PFPE) was

furt j : [ LG
0 e, | it RS o i ERACOSSA

TR TR N S ——
co%%ghlgcg?lg tootﬁle gl)'(y%trg? {)leafcie t7hetre%f }szdbsléll'e;/gg.’ ltnh e Fc)aesrepo":f“t dei fg:elflllaearlx{iicular
magnetic recording medium using the Co-based alloy, since a direction of ¢ axis [002] of
the hexagonal close-packed structure is oriented so as to be perpendicular to the substrate
surface, a peak corresponding to a (002) plane is observed.

[0070]

Next, when an optical system is swung with respect to the substrate surface with
the Bragg angle by which the (002) plane is diffracted being maintained, diffraction
intensity of the (002) crystal plane was plotted with respect to an angle by which the
optical system was tilted, and one diffraction peak. (called a rocking curve) was drawn.

Here, when the (002) crystal plane is arranged extremely well parallel to the
substrate surface, a rocking curve in an acute shape is obtained. ~On the other hand,
when the direction of the (002) crystal plane is widely scattered, a broad rocking curve is

obtained.
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20

recording mediumin which the internedi ate | ayer was
not irradiated with the plasma of 20 the inert gases
was set to conparative exanple 2. [0068] Eval uation
of El ectromagnetic Conversign Characteristics
Eval uati on of the el ectromaghetic conversion

characteristi.cs er for usi n in.stand with

res pgﬁ TEHOK dlg F?O%A)Sf@bsl? Eoe“%‘?&gﬁg yalug ‘é’&cg? %ieag OhEH {Q,E,Emg curve as a

manuf actured 25 as_the exanples and the conparative
goqerrhgd dndax piihg enyatalline orignialgprol/the pernshdinular Bagnaticgperrding

of 750 kFCl was recorded was nmeasured in an eval uation
medign et A cthivewdudyf ABSOrg smalie, therctystdling esaaioadiigad

for recording, and using the TuMR head for

PR SEI c foEEf plcIERL bt T

St ruct ur atjon of .the.crystalline structure was
nwﬁ%??%?ﬁggogggggwéhﬁg?fn@ﬂﬂ%é‘of a rocking curve with

respect to each of the magnetic recordi ng nedi uns

manuf®tlred as the exanpl es and the conparative

exanple. In particular, first, a filmformed on the

subsfs shevmasTapl i iedould bacontimeeyd thiatfthe ee¢tompdgaetic eoryersion

then a crystal plane parallel to the 10 substrate

chaaméristies (BSR pwale)izpebvetien the enappled 75 8RN © Wied Wh@tidn with
filmhaving a hexagonal cl ose-packed structure |ike

theltﬁeplﬁé?ﬁe?\%géa%r%rﬁxeh aUEin @E e;«g}ﬁ?l@g et fnd’ ﬁc@ﬁ?h g—gadiation with

ayer, a diffraction peak corresponding to

' ) . f th
AR B BB SN pkid 8 BBl e
since a.dire

Co- pased allo ction of ¢ axjs.[002] of
whER GRS ST ST RS SRR biEs BerEated so
as to be perpendicular to the substrate surface, a
peakncastditinsp grivastg confianqdobat the ceyistalling stiysawe eystalline
[ 0070]
orientation) was considerably improved in the examples 7 to 12 with respect to'the
comparative example 2.
[0072]
Example 13 to 15

A vacuum chamber for setting an HD glass substrate was previously evacuated

to be equal to or less than 1.0x10 (Pa).

Next, using a sputtering method, Co,sFesZr was formed with a film thickness of
50 (nm) as the soft magnetic layer, and NiFe with a face-centered cubic structure (fcc
structure) as the underlayer was formed with a film thickness of 5 (nm), the substrate is

formed with films in the Ar atmosphere of the gas pressure of 0.6 (Pa).
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Next, when an optical systemis swng wth respect to
the substrate surface with the Bragg angle by which
the (002) plane is diffracted being nmaintained,
diffraction 20 intensity of the (002) crystal plane
was plotted with respect to3dn angle by which the

e R B LT RS o

002) c plane is a ed extrene
an é&iﬂ%\%qseﬁévr ?fhﬁegaé B%%W%Pg)gd%ﬁbél@ 235 PRSSNE w@s ewweqi fp be 10
an acute shape is obtained. On the other hand, when
(Pad pred B vess thiuier dormetdewilp@ #jmchighnesh ofl Guren)i s wi del y
scattered, a broad rocking curve is 25 obtained. 32
Ther@m@Bp, it is possible to use a half-value w dth
A050 of this rocking curve as a good or bad index of

t he ?Hé@érﬁéﬂdhcﬁﬁar%dg%@ﬁ@?ée@ﬁhﬁé la }f@lewﬂ’s%ﬁﬁ&gin%l (ﬁ'ﬂer Qf the main
magnetic recording nmedium As fhis value of A050

recéﬂﬁl lg er -UOE a&)&b@‘k @%Jolrcﬂg e? i &t AP %tlml?S ere o%the gas pressure of

I cu rdln

%‘éﬁsﬁﬁd@é@ﬁ%\%{ AR IF%@‘%‘ip%' ssured result o

oul d_be _confirmed that the electronagnetlc
thl%ﬁ%ﬁé}fsl%ﬁm)c h3(-4 it ebpeasmentiped a9 eoCmpitioxr dASi@2)t he
exanples 7, 8 and 9 where irradiation with the Ar
rep{ﬂswﬁﬁlm@kp@md orlivethentlie dboveheendivaed! 2and11R denbteathdt ALis 12
where irradiation with 10 the plasma of He, Xe and Kr
moleds, e { Omabds, amdtCGo isesp@aintt 0 t he conparati ve exanpl e
2 where the internediate |ayer was not irradiated

Wi t B a@RRafon!ile (CN8IhT) veASBEmed 4% BEPiotdcATe 1d &tﬂ%ﬁ

confirmed that the crystalllne structure (cryst |ne

perg[lbr%B&%fe{hgp %Pﬁrﬁ?@ b5 g?g%tg(? (AR thic'mgs%v ? q 5 éﬂ)sg] a lul%nc liy%r by

the ~ conpara

the d1pp1né met%)é)gnpl e 13 to 15

[0074]

Next, irradiation with inert gas ions was performed on the surface of the
magnetic layer with Ar plasma using Ar. In the irradiation with the Ar plasma,
irradiation conditions in which the quantity of Ar gas flow of 5 (sccm), pressure of 0.014
(Pa), accelerating voltage of 300 (V), current density of 0.4 (mA/cm?), processing time of
5, 15,25 (sec) were used. Here, examples 13 to 15 represent the perpendicular
magnetic recording mediums which were processed during the processing time of Ar
plasma of 5, 15, 25 (sec).

[0075]

Comparative Example 3

Using the same manufacturing conditions as those of examples 13 to 15, a

magnetic recording medium was manufactured. Here, the comparative example 3



A vacuum chanber for setting an HD gl ass substrate was
previously evacuated to be equal to or less than 1. Ox
10-5 (Pa). Next, using a sputtering nethod, Co28Fe4dZr
was formed with a filmthi cé ess of 20 50 (nm) as the
soft magnetic |ayer, and N with a face-centered

| : f ; S 1 | ayer . was

e S R e Bl el P Bl Yol

- 1s . foraped with filnms in the Ar atnosphere of the gas

mép()j?%tlsosnuor € eo?’a%‘?eélcglﬁ"g)wasé?t pﬂg?(?]?edas the intermediate
Iaye[ after Ru was forned with a filmthickness of 10
(nm 4076] an Ar at nosphere of the gas pressure of 0.6
(Pa), the gas pressure was increased to be 10 (Pa)
and Rualyatéons ofklersyonfagneticiConvension Chamrtetistdsness of 10
(nm. [0073] 5 The perpendi cul ar magnetic recording

5 | ay eTheverealdanioned thereledtroptagaétiOdontvbigioRtihAracleBis@dsdidiberformed

| ayer - the auxiliary recording layer in an Ar

ifl estenddn thb enApasti ; i |
uSlr%cor ing;;[ Iayner, 9%?0%%%2%% 3) Q(illgr(nél“(g?) %@?%{rﬁ?n%gﬁ bdas

e Tl T A GERER e Pt T peg i P blfon masnetic

e ratio. Further, the ahove- tioned 12 and 18
heag’gh&v ?’R‘ﬁ%‘gfecadﬁlighefé forlfﬁcwgrf@%nﬁepﬁge T %8h‘%%§|f%wpla>ﬁact@9 were
is are nt., Next, the carbon film (Cfil was
usodoPHFLER AUROYALIEIFRSREAIFE Whepdhe sigrel O HEPKECT is recorded. The
perfl uoropol yether (PFPE) was coated with a thickness
10 megguradresily issshownlinBeble 2rand(Fag:é: by the di ppi ng met hod.
[0074] 15 Next, irradiation with inert gas ions was
per f fl0T8H on the surface of the nagnetic |ayer with
Ar plasma using Ar. In the irradiation with the Ar
pl aspeable 2] radi ation conditions in which the quantity
of Ar gas flow of 5 (sccm, pressure of 0.014 (Pa),

[ acceterating yottage of lsqo (Y -current—denstty—o
e LJE agngtic
0.4 ( mN c nfzn)a’dia?lgg cgssl an éoﬁ%s%gﬁ 1 a.moul;t of
Time (sec) | Characteristics (SNR;dB) elution of cobalt
Example 13 5 13.5 0.10
Example 14 15 14.0 0.06
Example 15 25 14.2 0.04
Comparative :
Example 3 0 12.5 0.33
[0078]
15 As shown in Table 2 and FIG. 3, it can be confirmed that the electromagnetic

conversion characteristics (SNR) in examples 13 to 15 in which the Ar irradiation was
performed are significantly improved more than those of the comparative example 3 in
which the Ar irradiation was not performed on the magnetic film.

[0079]

20 Evaluation of Environment Resistance
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5, 15, 25 (sec) were used. Here, exanples 13 to 15
represent the perpendicul ar 20 nagnetic recording
medi uns whi ch were processed during the processing
time of Ar plasma of 5, 15, 25 (sec). [0075]
Conpar ative Exanple 3 Using3fhe same manufacturing

conditi on s those of exanples 13 to 15, a 25 )
magnety %Vafué@@? BFﬁ"ﬁ RSP URTASS MK G s thgFieEmed et e maggetic
conparative exanple 3 34 represents the perpendicul ar
recopsgtpenpdiums gyl werermpaiufaeturad ahexsmtlerel 380 151 adramparative
irradiation of the magnetic fil mwas not perforned.
exdnQ0gB8] Infpeatiwdir te nodgnElieciconlimymedium wWansdietedno a shelf test
Characteristics 5 The evaluation of the

for @B @0lFsQEGN R RioBO B £ feihRiatGRAUTROE dnd i Hatni@p of 80%, and
performed wusing the spin stand on the nmagnet’ic

i .naQ: ' ' . as _exanpl es
cor SRR B0 IS TR S S ROGBRYL BB AP B

t he gv [ net i head, . t:he vertical, recordi

nead tarttai oA TRER L i idE giiest 57 i St phfhen of

were .used,.and an SNR val ue was neasured when the
the Jpagngfic peordingapediums af aplasesiby 1aed 19 (Hbhgnd & mesnetie

is shown in Table 2 and Fig. 3. [0077] [Table 2] Ar
recendang medugas covered wyith oPetri|distefor and bonrCombtberstho drdfiletevas

(sec) Characteristics (SNR, dB) elution of cobalt
withdramwplusing3 Bpet®, sndcdbalt (Expinpluded th the dichl@ vhsQBantitatively
analyzed. The amount of Co included in the droplet totaled 1000 (uL) as shown in
Table 2 and FIG. 4.

[0080]

As shown in Table 2 and FIG. 4, the amount of elution of cobait (Co) of
examples 13 to 15 in which the Ar irradiation was performed was smaller than that of the
comparative example 3 in which the Ar irradiation was not performed on the magnetic
film. Therefore, it can be confirmed that the corrosion resistance is improved.

[0081]

Example 16

Irradiation with the plasma of the inert gas was performed on the soft magnetic
layer in the condition of the example 5, irradiation with the plasma of the inert gases was
performed on the intermediate layer in the condition of the example 11, irradiation with
the plasma of the inert gases was performed was performed on the granular magnetic
layer in the condition of the example 15, and the example 16 represented the
perpendicular magnetic recording medium which was manufactured when other

manufacturing conditions were equal to those of the example 5.



Exanple 15 25 14.2 0.04 Conparative 0 12.5 0.33
Exanple 3 [0078] 15 As shown in Table 2 and FIG 3,

it can be confirnmed that the el ectromagnetic
conversion characteristics (%NR) in exanples 13 to 15
in which the Ar irradiation™was perfornmed are

Si gniafsiig At dxmipER 'E)Pﬁﬁqna{g%ﬁc I‘&%fﬁll&%ﬂégluﬁf manfactured in the

conparati ve exanpl e I rradiation was

iR 12T at%?lvff?%n%%%%‘o%éaeé a%%vé {Shppgiisics, e
uat n of. the environnent resi ance s perfornmed

eV G R B o BB NG RGO GOk eryallind siructure

manuf act ured as exanples 13 to 15 and conparative
wespgrirmed.  The pravlt isshpwn in thedfolewing i ¢ r ecor di ng

medi um was subjected to a shelf test for 48 hours

undeElectrnohiagnesicC anfvemionethmeaca¢risties (SNBABE ikl a

hum dity of 80% and 5 corrosion occurring on the

sur f ageouat of QebalE@as Elgionhgagy: digng Nedi um was

investigated. In particular, 3%nitric acid aqueous

sol UWGS’@( jjrolpped on the surface of each of the

magnet | Cc recordlng medi uns at ten places by each 100

(L), and the magnetic recordi ng nmedi um was covered

wth a Petri dish for one hour, and then the dropl et

was W thdrawn using a pipette, and cobalt (Co)

included in the droplet was quantitatively 10

anal yzed. The amount of Co included in the dropl et

totaled 1000 (gL) as shown in Table 2 and FIG 4.

[0080] As shown in Table 2 and FIG 4, the anount of

elution of cobalt (Co) of exanples 13 to 15 in which

the Ar irradiation was perfornmed was smaller than that

of the
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15 conparative exanple 3 in which the Ar irradiation

was not perfornmed on the magnetic film Therefore, it

can be confirned that the corrosion resistance is

i mproved. [0081] Exanple 1% Irradiation with the

pl asma of the inert gas was gerforned on the soft

magnetic 20 layer in theC‘E‘)ﬁgfiSﬂ on of the exanple 5,

irradiation with the plasma of the inert gases was

performed on the internmediate |ayer in the condition

of the exanple 11, irradiation wth the plasma of the

inerﬁJ gases (\?(@s perfornmed was perfornmed on the _

granti a Bereef manyfagturing  pempendieiHan mpgnetisreqonding medium

exanple 15, and the exanple 16 represented the
cOIpBH Bk dSeft meeneisgArari en vredeplarérnep mitatingdiateapdr, avka

manuf act ur ed when ot her 25 manufacturing conditions .
perpendicwaurabgretc rdvosding fayehwhizhdap b @réwulad taghstid lAyéhi@ntaining at

exanpl es of the magnetic recordi ng nmedi um manuf act ur ed

leabtiint d3@deg ¥ A BMbEmAgneticRabaiad, dad metRo@bt fef® comprising a process of
el ectromagneti c conversion characteristics, the

forﬁl\fﬁ% 4 ﬁ{a'@f?&icqglyetr he i%ﬁia'ﬁgﬁ ﬁgﬁ?gsg ik gxtteﬁtpgég iomrg r%'gd taqa(ia‘ocess of

eval uatton of” the crysta stru

2rformed,. The result is shown in the following. 5
for%?%%g%anﬁ%caﬁg P& Conversi on Characteristics ( SNR; dB) :

14. 3 t .of .Cobalt (Co) Elution : 0.02 0050():
1 LR (O S o (ne). 0,02 00800

per pendi cul ar magnetic recording nedium conprising a

sof t a peagawstaf drradigting a sinfage @€ theapBmaganti¢ fayyer withlirettegas ions,

| ayer, and a 5 perpendicul ar nagnetic recording | ayer
aftevfoohingalse sofignagmetiadayergneti c | ayer contai ni ng at

| east an oxide, on a nonnmagnetic substrate, the nethod

at | @Rdoe RUTRIrA AL AsRFRE B teQhtermediate layer with inert gas ions,
forming the intermediate layer; and

a process of irradiating a surface of the granular magnetic layer with inert gas

ions, after forming the granular magnetic layer that constitutes the perpendicular

magnetic recording layer.

2. The method of manufacturing the perpendicular magnetic recording
medium according to claim 1, wherein the inert gases are one or more inert gases

selected from the group consisting of Ar, He, Xe and Kr.

3. The method of manufacturing the perpendicular magnetic recording

medium according to claim 1, wherein inert gas ions are irradiated by a method selected

from the group consisting of an ion gun, inductively-coupled plasma (ICP), and reactive

ion plasma (RIE).



formng a magnetic layer, an irradiation process wth
inert gas ions and a process of formng a protective
| ayer, wherein the irradiation process with inert gas
ions conprises at | east one g 10 a process of

irradiating a surface of t hé®sof t magnetic |ayer with

i nerj, %%eb@ﬂ&cula@ﬁfa@ﬁetfoﬁgéﬂr@ﬁ SR anﬂPa%Pﬁ{;(Lﬁ the
| ayer; a process of I'rra |at|n a surface o e
th | ert gas ions, formng the

nm#ﬂ%@?%%ﬂaﬁ% a?@%gpg @né process of irradiating a

surface of the granular magnetic layer with inert gas

15 |ons after forming the granular magnetic |ayer
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25 ion plasma (RIE). 38 4. A perpendicul ar magnetic
recordi ng medi um manuf actured by the manufacture

met hod according to claim1l. 5. A nmagnetic recording
and reproduci ng apparatus conprising a 5 perpendi cul ar
magneti c recordi ng nedium and a nagnetic head t hat
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by a manufacture nmethod according to claim1.



