| DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM METHOD OF MANUFACTURI NG THE SAME,
AND MAGNETI C RECORDI NG REPRODUCI NG APPARATUS 5 TECHNI CAL FIELD [0001) The
present invention relates to a nagnetic reco%di ng medium a net hod of

manuf acturi ng the sane, and a magnetic recordi ng/ reproduci ng apparat us
including the magnetic recording nmedium 10 Priority is clainmed on Japanese
Pat ent Application No. 2006-129335, filed May 8, 2006 and Japanese Patent
Application No. 2007-013026, filed JaDESCRIPTBON2007, the content of which
is incorporated herein by reference. BACKGROUND ART 15 [0002] In recent

years, the appl iMAGNBTIC RECORBINGMESIUM, MEHMODOF MPOUPACTERINGUHE as
magneti ¢ di sk apparatuses, portable di sk apparatuses, and magnetic tape

apparatuses, has 4 AGECRRES L%ﬁéﬁg@omq&%Pk@Wém@@PMWS has

i ncreased. Therefore, signiticantly inproving the recording
density of a magnetic recording nedia used for 20 these apparatuses has been
devel oped. In particular, the devel opnent of an MR head and a PRWML
t echni que has accel erated _an i nprovenent in the recording density of the
magnetic récordiCGiNIeédi HELDh recent years, with the devel opnent of a GWR
head and a TuMR head, the recording density has increased at a rate of 100
percent per year. [J0O0OD3]. 25 In addition, there is demand for a further
increase in the recording density of the t 2 magnetic recording nedia. In
order to neet the dB&Ppdeknt invedtniEigres® iagnetid RPGraing rhiddum, a method of

manufacturing the same, and a magnetic recording/reproducing apparatus including the

magnetic recording medium.

10 Priority is claimed on Japanese Patent Application No. 2006-129335, filed May 8,
2006 and Japanese Patent Application No. 2007-013026, filed January 23, 2007, the

content of which is incorporated herein by reference.

BACKGROUND ART
15 (0002]

In recent years, the application range of magnetic recording apparatuses, such as
magnetic disk apparatuses, portable disk apparatuses, and magnetic tape apparatuses, has
increased reﬁmkably, and the importance thereof has increased. Therefore, a technique
for significantly improving the recording density of a magnetic recording media used for

20  these apparatuses has been developed. In‘ particular, the development of an MR head and
a PRML technique has accelerated an improvement in the recording density of the
magnetic recording media. In recent years, with the development of a GMR head and a
TuMR head, the recording density has increased at a rate of 100 percent per year.

[0003].

25 In addition, there is demand for a further increase in the recording density of the



coercivity, the signal-to-noise ratio (SINratio), and the resolution of a
magnetic recording layer. In a |longitudinal nagnetic recording type that
has generally been used, wth an increase iy the |inear recording density,
the recordi ng magneti c donmins adjacent 5 to“a nagnetization transition
region nutually weaken their nmagnetizations, which is called

sel f-demagneti zation. In order to prevent the self-demagnetization, it is
necessary to magietieretdrding median ds srdef totrezt theglemund; inenmeserygo irapreve the

i ncrease shape magnetic ani sotropy. [0004] 10 Wen the thickness of the
nmagneti ¢ r ecoreRily AN tighd-16-ReisCREo ($/Naraté) aithéreadlutidh ofenga@ydar ri er for
mai ntai ning the magnetic donmain is substantially equal to that of thernal
energy, and t i j: : i ion is
reduced due t gé%o?@gg:%gg‘ggﬂﬁg& ar |1g$ir%dr%q?tﬁ£%m§?g®?5§tﬁ?g% %}%%}]ngér?gn {s not
negligible, which.determpes the limt of.the |linear recording density. 15
100057 '+ ecets feirtesse B Tate Sirpidtas el idt 1 EoRE TIERT FoRLar SIS been
proposed in order to inprove the |linear recording, density, of the .

| ongi tudi n@l rfa3AEEReizABeISFaRsitgn TeRjaRaNEHelIN Weaken (el mpenetiaimsWlIFh Iseduct i on
in the thernmomagnetismin the |ongitudinal magnetic recording type. 20
[0006) As a t aelkd sifeletagndtiagiony ilmgrdehie peevehitbe saldapraghetipatiem $is pecessary

per pendi cul ar magnetic recording type has drawn attention. In the

| ongi tudi nal nagdatd de feOeEd of theliipBetic Redrtitp Uivet ® iNBERE thape chagietiche

i n-plane direction. Howeveir, in the perpendicular nagnetic recording type,
a nediumis magpetéied in the vertical direction of the surface 25 of the
medium In this way,” it is possible to avoid the sel f-demagnetization that
prevents 3 an incT@ﬁﬁE in the linear recording density in the |ongitudinal
magneti c recording-type. Therefore, the perpendicul ar nmagnetic recording

type is aq%l | cabl e \%’l?enc% é%}cﬁngis gp the magnetic recording layer is reduced, the strength of an
energy barrier for maintaining the magnetic domain is substantially equal to that of
thermal energy, and the phenomenon in which the amount of recorded magnetization is
reduced due to a temperature variation (heat fluctuation phenomenon) is not negligible,
which determines the limit of the linear recording density.
15 [0005]

In recent years, an AFC (ant-ferromagnetic coupling) medium has been proposed
in order to improve the linear recording density of the longitudinal magnetic recording
type and to solve the problem of reduction in the thermomagnetism in the Jongitudinal
magnetic recording type.

20 [0006]) |

As a technique for improving the surface recording density, a perpendicular
magnetic recording type has drawp attention. In the longitudinal magnetic recording type,
a medium is magnetized ‘in the in-plaﬁe direction. HOWeirer, in the perpendicular
magnetic recording type, 2 medium is magnetized in the vertical direction of the surface

25  ofthe medium. In this way, it is possible to avoid the self-demagpetization that prevents




recording density. In addition, since the perpendicular magnetic recording
type can maintain the thickness of the magnetic layer, it is possible to
relatively reduce the effect 5 of the thernnqunetisn1caused in the

| ongi tudi nal nagnetic recording type. [0007] In general, a perpendicul ar
magnetic recording mediumis formed by sequentially .lam nating an under

| ayer, an internediate | ayer, a magnetic recording |ayer, and a protective
| ayer on a nonamagreasd in tstibsarrateding dengy ar thé Jongittdimal nagnqtic oecmodingwpt.ayer i s
10 fornmed, a lubrication layer is forned on the protective layer. In

addi tion, in mMifiefors @ perRnditdlAchighefid febordingitgit it Spplicsidd fo obagmighc sof t
magnetic |ayer, is provided below the wunder |ayer. The internedi ate | ayer
is formed in o : i -1 ] LS d i ecordi ng
| ayer. T addi 1 SRR GG, SRR B pabuT Qs e T oRRE Pk
particles of the. eti.c. rec ing | and. contr ol h f

magneti c cryst Bﬁa!n%gﬁf%%“#ﬁ%? e§¥ﬁg?rrﬁ§%%ors§falg$o fe%agﬁﬁéﬁdg‘lgf glereg%%r di ng
| ayer is inEortant to the nmanufacture of ,a perpendi.cul ar_nagnetic recording
medi um wi t h? gotithe Hisrmaemegnetisn sansed ipthg lopgitudingl npgnefie Fesardieci®ear nagnet i c
recording nmedium generally, the crystal structure of the magnetic
recording |ayer is B0Hcp structure. It is inportant that a (002) crystal 20
pl ane be parallel to the surface of the substrate, that is, a crystal c-axis
([002] axis) is alingpraetsai, B pépendicndringhetitire@eding medfuin 1o fifrmad by sdqubmialie.
However, the perpendicular magnetic recording nmedium has an advantage in

that it can Usﬁnﬂnitﬁ?% W@éryayaﬂiaﬁmteﬂmﬁ@@tlmr,ra%g?ﬂiimcdrmg layeQWhd Has
di sadvantages in that the total thickness of the Tayers of the nmediumis

recording modi A nt oAg b ApebApeRRoteRlad 1 Rl AP RS Ro IR R oo
Al gn"t he' 10y e ameatnePleh B Bratfie 8ot Mot ARG oS
a magpetic film, which is a soft magnetic soft magnetic layer, is provided below the
under layer. The intermediate layer is formed in order to improve the characteristics of
the magnetic recording layer. In addition, the under layer functions to align tﬁe crystal
particles of the magnetic recording layer and control the shape of a magnetic crystal.
15 [0008)]
The crystal structure of the magnetic recording layer is important to the
manufacture of a perpendiculﬁ magnetic recording medium with good characteristies.
That is, in the perpendicular magnetic recording medium, generally, the crystal structure
of the magnetic recording layer i1s an hep structure. It is important that a (002) crystal
20 plane be paralle] to the surface of the substrate, that is, a crystal c-axis ([002] axis) is
aligned in the vertical direction without a turbulance. However, the perpendicular
magnetic recording medium has an advantage in that it can use a relatively thick
magnetic recording layer, but has disadvantages in that the total thickness of the layers of

the medium is likely to be larger than the thickness of the longitudinal magnetic

25  recording medium and the crystal particles are likely to be turbulanceed during a process



turbul ance, the internedi ate | ayer of the perpendi cul ar nmagnetic recording
medi um has 5 been nade of Ru which has the sane hep structure as the
magnetic recording layer according to the rglated art. Since the crystal of
the magnetic recording layer is epitaxially grown on the (002) crystal

pl ane of Ru, a magnetic recording nediumw th good crystal orientation is
obt ai ned (for exanple, see Patent Docunent 1). [0010] 10 In general, the Ru
i nt er nedi at e | efyfemingtddayers of thegnediumhi ckness of 10 nmor nore in order to
sufficiently separate Co alloy crystal particles of the nagnetic recording
layer (for exanpl §00ge Patent Docunent 2). However, when the thickness of
the internediate layer is increased, the dianmeter of the crystal particles
of the Co alloy isj gﬁﬁngm A P&t he RhoROt $RofEngd 1a§drARtka AS a
result, the recor dilirllgﬁfacﬁ r p}hgggycs} ngﬁtllggggﬁ'}r a@t%[?i s?}&:cscﬁn etgéri orate.

[0011) In or t.-her ] vV, r i . UG
characteristi gg{bu}zfg (s:{’ %C@E%éd%ésﬁ%%g%ﬁ%rpg %§é$l%%?%%%§%rai%%%e%?§t e

| ayer is de .of an,el ni. havi anot her hcp structure, such.,as Ti, Hf,
o 7t or S R g offabich B4 i et lith s s B e e RHBRISED b i h
per pendi cul ar magneti c recordi ng_nmedi um having a very small crystal
particle di ameceqrdingdethevelpted aml Sigeq bacrsibef themagete ecprlinglayesss and
reproduci ng characteristics. Patent Document 1. JP-A-2001-6158 Patent
Docunent 2: JRpaadellbgrden st the (062)5rystl SahSIRE a Graghtiie iPRESERTelMNuYENTY ON
Probl ens that the present invention is to solve [0012] 5 The present
invention has goegBary3mtieridnmtion debbthineddbvxatnple, fbPurniDedahasl). and an

[0010]

10 In general, the Ru intermediate layer needs to have a thickness of 10 nm or more
in order to sufficiently separate Co alloy crystal particles of the magnetic recording layer
(for example, see Patent Docurnent 2). However, when the thickness of the intermediate
layer is increased, tﬁe diameter of the crystal particles of the Co alloy is increased, and
the amount of noise is increased. As a result, the recording and reproducing

15 characteristics deteriorate.

[0011]

In order to further improve the recording and reproducing charactenstics, a
structure has been proposed in which an intérmediate layer is made of an element having
another hep structure, such as Ti, Hf, or Zr, or a Ru alloy. However, this sﬁctne is

20  insufficient to obtain a perpendicular magnetic recording medium having a very small
crystal particle diameter, good vertical onientation, and good recording and reproducing
characteristics.

Patent Document 1: JP-A-2001-6158

Patent Document 2: JP-A-2005-190517

25
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obj ect of the present invention is to provide a magnetic recordi ng nedi um
capabl e of recording or reproducing high-density information by reducing
the grain size of a perpendicular magnetic rgcording |ayer and inproving
vertical orientation, a nmethod of manufacturing the sanme, and a nagnetic
recordi ng/ reproduci ng apparatus. 10 Means for Solving the Problens [0013]
In order to achieve the object, the present invention has the foll ow ng
structure. According to a DISCSOSERFQE THE RRESEHYEBERENTH®ENt i on, a

per pendi cul ar magnetic 15 recordi ng nedi umincludes: a non-magnetic
substrate; and at |east an soft magnetic |ayer, an under |ayer, an
internedi ate | ayer, and a perpendi cul ar nagnetic recording filmthat are

formed on the pRbeRRARS heCpréeShidtien isAb séi@@ast one layer of the internediate
| ayer is nmade of an alloy material of at |east one el enent selected from an

el ement group havi n@man fcc structure, which is a main ingredient, and an
el enrent selected froman el enent 20 group having a bee structure, and has

both a crystal str ure havin 1 orientation nd.an irrequl ar |.ayer
lattice (stacking f WS‘ETa’ﬂ%“é‘%O’g%a%Qeﬁ}? Q’tag‘f‘éwé ert“h%‘)611 tle glforvﬁ@f‘%weénsaﬁ%’a he
bee structure. According to ,a second aspect of the present jnvention, a.

per pendi cul ar ARIEHEE The Prosertdnsphen isdIPMIE A hagaelic recording mediymesepeble thst r at e
and at | east an soft nmagnetic layer, 25 an under l|layer, an internediate

| ayer, and a pwcpaing o népaeducinghigh-densigoiofotinatgpnf byl nedudme thé grair sizefaflaned on t he
non- magneti c substrate. At |east one layer of the internediate |ayer is

made of an al | pyperaliciar alagidticateording layaridd @hproeing vericsiairesitalsr) antethodlof ment
group having an fcc structure, which is a nain ingredient, and an el enent

sel ected from ahneh&HBRY the %&E‘&:@@iﬁ%@%ﬁé%cﬁ?&%ﬁcﬁﬂéﬁﬁaﬁgapp@ﬁ%shaS both a
crystal structure having (111) orientation 5 and an irregular layer lattice

(stacking {fgult) caused by a mxture of the fcc structure and the hcp
structure.

Means for Solving the Problems
[0013]
In order to achieve the object, the present invention has the following structure.
According to a first aspect of the present invention, a perpendicular magnetic
15 recording medjum includes: a non-magnetic substrate; and at least an soft magnetic layer,
an under layer, an intermediate layer, and a perpendicular magnetic recording film that
are fqrmed on the non-magnetic substrate. At least one layer of the intermediate layer is
made of an alloy matenial of at least one element selected from an element group having
an fee structure, which is a main ingredient, and an element selected from an element
20 group having a bece structure, and has both a crystal structure having (111) orientation
and an irregular layer latiice (stacking fault) caused by a mixture of the fee strueture and
the bece structure.
According to a second aspect of the present invention, a perpendiéular magnetic
recording medium includes: a non-magnetic substrate; and at least an soft magnetic layer,

25 anunder layer, an intermediate layer, and a perpendicular magnetic recording film that




According to a third aspect of the present invention, in the perpendicul ar
magneti c recordi ng nmedium according to the first aspect, the at |east one

|l ayer of the internediate layer is preferably made of an alloy, which
includes as a main ingredient at 10 | east one of Pt, Ir, Pd, Au, N, A, Ag,
Cu, Rh, Pb, and Co and has the fcc structure, and an elenent which is

sel ected froma group conposed of Fe, C, V, W M, and Ta and_ has the bee
structure. Accist Bimed owths nbrimeghetisspestmteo fAttlenst onedayenef thaiptammpdinte layer she
per pendi cul ar magnetic recordi ng medi um according to the second aspect, the
at | east one |maderofah alidyamatdiSal iofihtdeaseohcatl emdna yedectddsfrqm ed demiritygrompdaving an
all oy, which includes as a main ingredient at |east one of Pt, It, Pd, Au,

N, A, Ag, Oun fistnicRire, WhEEhGPa BRAG iRgRdieRCaridCan Mnidh€ SdldcRd fAfidlan @Bmeteent,
which is selected froma group conposed of Y, My, Zn, H, Re, Os and Ru and

has the hcp st . | t i i.hyention,
in the per pencﬁ[r @ﬁﬁg’?ﬁlﬁa@%ﬁ?‘g&aﬁ& @%g%%ﬂ&%gcﬁém tg%c]{gpgfg%ﬁ? gﬂénﬁé}wgne of
the first to foyrth aspects,, i.n the at |east one |ayer of the internediate
| ayer, the°su 3@%@@6%&%@%@“@% é?“iﬁ%ﬂ?%%a@?‘ﬁé“? ﬂgthf’&%c SUGEEE A e i s
preferably in the range of 20 at% to 95 at% According to-a sixth aspect of
t he present iﬁb“e}f’ﬁﬂsﬁﬁf‘mﬁn t he perpendi cul ar magnetic recordi ng nedi um
according to any one of the first aspect and the third to fifth 25 aspects,
preferably, the at Accemiingdne thisdespecodf thipresert ervaetitinainghé peypandicslammde of a
material 7 obtained by adding at |east one elenent selected from group-XlI|

el ements (B, Ahagnelc rebérdingaiediubi dccordirgy 10wl fkkiaspdce Mt Seakt@ne Biyer 6Fahe Sn, and
Pb) to an alloy material of at |east one elenent selected fromthe el enent

group havi ng tiﬁt@rxﬁ&ﬁ‘at@fa%éﬁls ?{eforaﬁl‘@jnﬁ@e fSantalBy, FRich inb108Ks Q6 h &Rtn ingfRdieRtht
el ement selected fromthe el ement” group having the bcc structure, and 5 the

sum of {NageOTkBNL: Ao NP0 TSI CAMRITAU S IRNhS e Ted b, BANG® O

0 at%to ccordrng’t séventh’as € present rnvention, in

the perpendi Cua!naeicment which is selected from a group composed of Fe, Cr, V, W, Mo, and Ta and

has the bec structure.
According to a fourth aspect of the present invention, in the perpendicular
magnetic recording medium according to the second aspect, the at least one layer of the
15 imtermediate layer is preferably made of an alloy, which includes as a main ingredijent at
least one of Pt, Ir, Pd, Au, Ni, Al, Ag, Cu, Rh, Pb, and Co and has the fec structure, and
an element, which is selected from a group composed of Y, Mg, Zn, Hf, Re, Os and Ru
end has the hep structure.
According to a fifth aspect of the present invention, in the perpendicular magnetic
20 recording medium according to any one of the first to fourth aspects, in the at least one
layer of the intermediate layer, the sum of the contents of the elernents having the fec
structure is preferably in the range of 20 at% 1o 95 at%.
According to a sixth aspect of the present invention, in the perpendicular
magnetic recording medium according to any one of the first aspect and the third to fifth

25 aspects, preferably, the at least one layer of the intermediate layer is made of a material




magneti c recordi ng medi um according to any one of the second to fifth
aspects, the at |east one layer of the internediate |ayer is preferably
made of a material obtained by 10 adding at Ieast one el enent selected from
group-Xi Il elenents (B, Al, Ga, In, and Ti) or group-XTV elenments (C, Si,
Ge, Sr, and Pb) to an alloy material of at |east one elenent selected from
the el enment group having the fcc structure, which is the main ingredient,
and an el enent olsgihetbeaidingatidabione lement scleeied fromagrovgy XiTh elemepts €Br &k Garls, and
the sumof the contents of the non-transition- nmetal elenments is in the
range of 0 at %rdoTiPor @bie-XI% egenns dCR], Ga Sanarei Ri) tdarpdlog alaterfal b lqastenent

i nvention, in the perpendicular magnetic recording nedi um according to any

one of the firgtnmas E&@B&n%ﬁ@el&xﬁéﬂﬁr&éh&@ﬁ% the fasRBEhife, whits ifdhe st one

| ayer of the internediate layer 1s preferably nade of a material obtained

by ‘adding 0 to ﬁ%fiﬁggoaﬁ?c{ ar-blemeit ’sel%ﬁie f}]—?rn g{eglt%% T égp}l}g}ﬁq@\{ fhe 5 QXA bt 2N

alloy nmateri af® east one'e el énent group
havi ng the fcc,structyre, 20 Lch is the main ingredien and | eqgpnt
sol ected frbm IhEUBOLHERPTERS R A0HHETHRE DO TR B 6 “REC S Lo oD
ninth aspect of the present invention, in the perpendicular nmagnetic
recordi ng medi ##-according to any one of the second to seventh aspects, the
at least one layer of the internediate |ayer is preferably nmade of a

mat eri al obt ai ned b4cc@biingii asgvahtht ospdds obthpodseBiinveiion, (rthe ferperidiculayy Zr, Hf
or Fe oxide to an alloy material of at | | Y 8 |east one elenent selected
fromthe el enemg@tioweofitng melitrhacdoeding torang oué 6f thevkdcehd foiftth@pectaihe at
ingredient, and an el enent selected fromthe el ement group having the hcp

structure. ACCREAbASIY of theien@BRERYeral pleatly BEISE o BB bBRnal By t he

per pendi cul ar magnetic recordi ng nedium according to any one of the first

to ninth agpeck s §fd &l AL seflbeh ol ShGRXIR elhitnd 1 SUMBHIAL B dYG! | s

preferably 1 n the®ange o rrm I ng ah €ele aspect
of the present inv ion, -inAthe endicul ar .. magnet i.c.recordi ng nmedi um
according to aﬁ'ﬁu%ﬁ{g{/ﬁﬁqeﬂgqf:i.g%pg’%g i lﬁ"f%grbgléo[yg,gﬂfmof at a8t e Henteh

selected from the element group having the fec structure, which is the main iogredient,

and an element selected from the element group having the hep structure, and the sum of
the contents of the non-transition metal elements is in the range of 0 at% to 30 at%.

15 According to an eighth aspect of the present invention, in the perpendicular
magnetic recording medium according to any one of the first aspect and the third to sixth
aspects, the at least ope layer of the intermediate layer is preferably made of 2 material
obtained by adding 0 to 15 at% of 8i, Ti, Cr, Ta, Nb, W, Zx, Hf, or Fe oxide to an alloy
material of at Jeast one element selected from the element group having the fcc structure,

20 which is the main ingredient, and an element selected from the element group having the
bee structure.

According to a ninth aspect of the present invention, i the perpendicular
magnetic recording medium according to any one of the second to seventh aspects, the at
least one layer of the intermediate layer is preferably made of a material obtained by

25  adding 0 to 15 at% of Si, Ti, Cr, Ta, Nb, W, Zr, Hf, or Fe oxide to an alloy matenal of at




t hi ckness of the internediate |ayer is preferably in the range of 1 run to
50 nm According to a twelfth aspect of the present invention, in the

per pendi cul ar 10 rmagnetic recordi ng nedi um a§:cordi ng to any one of the first
to el eventh aspects, a soft magnetic filmot the soft magnetic |ayer
preferably has an amorphous structure. According to a thirteenth aspect of
the present invention, in the perpendicular nmagnetic recordi ng nmedi um
according to aeast apelanfent setected from tho clemenfgrenpeahepiog the foa srucarprpngdus hender

| ayer that has an fcc (111) crystal plane and is preferably made of a 15
hexagonal covalastmingrediear, iaad an derpem véleteel fomrh dechentdnegoop havimgthe hepsthatmes. and
the internediate |layer. According to a fourteenth aspect of the present

invention, in the pPRERER gt&yteﬁm asﬁt%gtﬁtegrcree@%&hm Mp&ﬂ?e%@ﬁﬁlaﬂi ng to any
one of the first to thirteenth aspects he at |east on ayer of the

i ntermedi ate I el east 20
one el enent sg%élgt ecfé?&&lréﬁ?& aefgrr@ﬁ g@lhnﬁg\%?féﬁhtgﬁ#ﬂ?casgécgf ure, which
is the mai r edi and an. el e t sel.ec the eI oup

havi ng thegbc agtteF‘?.’ic‘??H?‘Bde%ﬁ %"Q ¢ BYTf Ptﬁgﬁ b(h( € HOELY ﬁE iy’ Bie hep
(hexagonal cl ose- packed) structure is aligned with a (002) crystal plane on
the internediate | Apesrdingtedydevepthiaspest of the presmnhinyentioa; indke pamendicalan nt
invention, in the perpendicular 25 magnetic recordi ng medi um according to
any one of t hensghetst retapding metdiserchordisg ¢e tny, one lof thetfirg to tepthstspastetheayer of t he
internediate | ayer is preferably nade of an alloy material of at |east one
el ement sel ectidckdesosfithdigteghei@ataygriopefdaably tight kagd ofl shrasd e, which is
the main ingredient, and an el enent selected fromthe el ement group having

the hcp structure, A%B&dm&baﬁﬁ‘dﬁ}%k E@éoﬁ{hh?)’aserﬁ'inv%ﬂud?ﬁnﬁﬂmk badulg the hcp
(hexagonal cl ose-packed) structure is 5 aligned with crystal plane

on the '”tﬁr"ﬁ?a'ﬁﬁét?cxje@&fﬁ ﬁﬂ{eﬂhé} g‘?o&ysdn%to? td?st‘%églﬁ\?énﬂ% Lhe apiesent

i nventi on perpen magnéti c ‘recor ng nmedl um ac ordr ng to any
one of the first to S one | ayer of the
per pendi cul ar %ﬁﬁb‘t E‘ élceoﬁﬂ ‘ﬁ”&”?‘t“ﬁlw’rf?“g‘?’g‘?l%#‘ g‘ﬁé‘t‘tcé‘lf%x. de

According to a thirteenth aspect of the present invention, in the perpendicular
magnetic recording medium according to any one of the first to twelfth aspects, an
amorphous under layer that has an fcc (111) crystal plane and is preferably made of a

15  hexagonal covalent material is provided between the soft magnetic layer and the
intermediate Jayer.

According to a fourteenth aspect of the present invention, in the perpendicuiar
magnetic recording medium according to any one of the first to thirteenth aspects, the at
least one layer of the intermediate layer is preferably made of an alloy material of at least

20 ove clement selected from the element group having the fee structure, which is the main
ingredient, and an element selected from the element group having the bee structure, and
Ru, Re, Ru alloy, or Re alloy having the hep (hexagonal close-packed) structure is
aligned with a (002) crystal plane on the intermediate layer.

According to a fifteenth aspect of the present invention, in the perpendicular

25  magnetic recording medium according to any one of the first to thirteenth aspects, the at
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filmor a lamnate of Co and Pd filnms. 10 According to a seventeenth aspect
of the present invention, in the perpendicular rmagnetic recording nedi um
according to any one of the first to sixteengh aspects, the at |east one

| ayer of the internediate |ayer is preferably nade of an alloy material of
Cr and an elenent having the fcc structure, and the content of C is in the
range of 10 at%to 90 at% 15 According to an eighteenth aspect of the
present i nventl¢asioneilayer bishpitsomadipte dayar is predeyakly imeade et ot dlongnaierial ohetdeeelor di ng
to any one of the first to sixteenth aspects, the at |east one |layer of the
i nter medi at e loay elemiest spleettdfratnltye ciardent gfoua hBtingthedftd simncrved, svhiichlis themehin t he
content of Cr is in the range of 15 at%to 75 at% According to a nineteenth

aspect of the jRir&s&Atanl AY eRiePkelekied B3 BEEIBARHI gedtipaaving Che FR@RELGre/ B@OT di NY
medi um according to any one of the first to sixteenth aspects, the at | east

one | ayer of tghepl ‘{’@Q' 2y, LSy E}?F{H‘g g 3 l:L oy
material, and lﬂlf ﬁg’rh(&:l% en?’a&g%n ? a;ﬁéy F%“ﬁ]lgg ﬁé’?\@éy glogé gfd'} Sa)gsg%t /01§
Accordi ng to a,twent.iet spe f the present invention, in the

per pendi cuPar ah%ﬁ”@fhiacgapgc%%lﬁ ﬁﬁﬁﬁﬁﬁ?‘?@?@’rﬂ&% B o any one of the first
to sixteenth aspects, the at A 25 | east qne | ayer, of .the int eégr{m?ﬂdiif\ﬁte | ayer

is preferably madeASFOTaDRYR Trixigenth dspaelod tepresertipventms o thepe LA

10 the content of C is in the range of 10 at%to 60 at% According to a
twenty-first asagedic refording medimgeastoriding enariyome of thetfvet tp sqverthdbpsatsaat leastagnet i ¢
recordi ng medi um according to any one of the first to sixteenth aspects, the
at | east one okhalagér ofithe frepenbicalanpaimtierdcaig film ippefednpb ynagnatie oafdea Au- Cr
alloy material, and 5 the content of C is in the range of 10 at%to 70

at % Accordi ngih®r a 1dnieat ¥f 66 el figpect of the present invention, in the
per pendi cul ar magnetic recordi ng medi um according to any one of the first to
sixteenthg According to a seventeenth aspect of the present invention, in the perpendicular
magnetic recording medium according to any one of the first to sixteenth aspects, the at
least one layer of the intermediate layer is preferably made of an alloy material of Cr and
an element having the fee structure, and the content of Cr is in the range of 10 at% to 90
at%.
15 According to an eighteenth aspect of the present invention, in the perpendicular
magnetic recording medium according to any one of the first to sixteenth aspects, the at
least one 1;1yer of the intermediate layer is preferably made of a Pt-Cr alloy. x‘naterial, and
the content of Cr is in the range of 15 at% to 75 at%.
According 1o a nineteenth aspect of the present invention, in the perpendicular
20 magnetic recording medium according to any one of the first to sixteenth aspects, the at
least one layer of the intermediate layer is preferably ;nade of an Ir-Cr alloy material, anci
the content of Cr is in the range of 20 at% to 80 at%.
According to a twentieth aspect of the present invention, in the perpendicular

magnetic recording medium according to any one of the first to sixteenth aspects, the at

25  Jeast one layer of the intermediate layer is preferably made of a Pd-Cr alloy material, and




aspects, the at least one layer of the internediate |ayer is preferably nmade
of an alloy material of 20 at%to 90 at% of Pt and at | east one el enent
selected froma transition 10 netal elenent group including Ti, V, Cr, Fe,
Zr, Nb, Mo, Ru, Hf, Ta, W Re, and Cs. Accé&di ng to a twenty-third aspect
of the present invention, in the perpendicular nmagnetic recordi ng nedi um
according to any one of the first to sixteenth aspects, the at |east one

| ayer of the ipbatRAEat R ih MeGhindeDf R0 816 EA4D avyrade of an alloy material of
20 at% to 90 at% of Pd and at |east one elenent selected froma transition

met al el ement grou jacludi [ AR i M ; Ta, W
Re, and Gs. Accor icncg(;;n]’:{l%noé fg%t#vgll‘r‘}? gir%oafﬁe}{hOfaqé%%%t&n})% %%dgjg’plpesepﬁﬁ’é P%]\Eﬁelﬁ"ti on, in
t he perpendicul ar . nmagneti c r.ecordi medi um agcordi ng.t.o any one .of the
first to i xt BaFee RpdtemedE acotip bany g O o Brs: Brsapiiatt fipsnalfion o
| ayer is preferably nmade of an alloy material of 20 at% to 90 at% of Ir and
at yI east gne @Pséﬁﬁ%}@}'%félf&?tiéﬁﬂﬁdéﬂﬁ éﬁfri&%feﬁ mﬁ‘éﬁ%ﬁ‘%‘%‘@ﬁéjﬂﬁy ‘Q‘T‘Té’iit%’ andg
including Ti, V, C, Fe, Zr, Nb, Mo, Ru, Hf, Ta, W Re, and Gs. According to
a twenty-f5 f t the aspetof €f istihthepruegeanitl O it emtd 4%, i n t he perpendicul ar
magneti c recordi ng nmedi um according to any one of the first to sixteenth
aspects, the at |gasidinn® a teeky-sedont Aepecndfeio@edent @ventiyLrinite pref erably
made of an alloy material of 25 at% to 85 at% of Au and at | east one
el ement  sel echeferfif QM thabfedt$bdobdf MBAiRn RERHRE to AP of Be firft & ikt T, V.
Cr, Fe, Zr, l\?&)c?‘l%l\/b,fc Ru?hagfi, Ta, d\;/'\/ﬂgRe, anad Os.glol Y%gcgrdi ng to a
twenty-sixth 0 i 00 2. endi. eul magneti c
recordi ng nedif%fgn&%tél(’:cogrté%agkgong g%gﬁéyﬂ&%{e}’yegﬁg‘?lﬁtg lﬁcfgﬁ)%?%@?%ﬁgghf% %@ ects, the
at |east one_| ayer the internmediate. |l ayer is preferabl de.of an all oy
mat eri al of 3@a’§¥§)b°fgh AR t%é({’]/%té"f‘)%t mé#ﬁ l?fﬁycfn@élelme H’??Eeéieg% g&%qsg@f'ed froma
transition netal elenent group, 5 including Ti, V, O, Fe, Zr. No, M, Ru,
Hf, Ta, WO Remeghelemognt grovpdnddnding Tbvacfa\,fémziﬂ‘@eM@nRﬁ %%ﬁ@cw B aP‘I’ﬁ@“‘-present
invention, there is provided a nethod of manufacturing a perpendicul ar
magneti c recor di ngAsretiingnoiartwientslithind sspedtofitie present dwfentioragmide perpéndjaatar an
under layer, an internedi ate |ayer, and a perpendi cul ar

tnagnetic recording medium according to any one of the first to sixteenth aspects, the at

least one layer of the intermediate layer is preferably made of an alloy material of 20 at%
to 90 at% of Pd and at least one element selected from a fransition metal element group
15 including Ti, V, Cr, Fe, Zr, Nb, Mo, Ru, Hf, Ta, W, Re, and Os.

According to a twenty-fourth aspect of the present invention, in the perpendicular
magnetic recording medium according to any one of the first to sixteenth aspects, the at
least one layer of the intermediate layer is preferably made of an alloy material of 20 at%
t0 90 at% of Ir and at least one element selected from a transition metal element group

20  including Ti, V, Cr, Fe, Zr, Nb, Mo, Ru, Hf, Ta, W, Re, and Os.

According to a twenty-fifth aspect of the present invention, in the perpendicular
magnetic recording medium according to any one of the first to sixteenth aspects, the at
least one layer of the intermediate layer 1s preferably made of an alloy material of 25 at%
to 85 at% of Au and at least one element selected from a transition metal element group

25  including Ti, V, Cr, Fe, Zr, Nb, Mo, Ru, Hf, Ta, W, Re, and Os.

¥



magnetic recording filmthat are formed on a non-magnetic substrate. The
met hod 10 includes: adding an el enent having a bcc structure or a hcp
structure to an element having a fcc structyre such that at |east one |ayer
of the internediate |ayer forma crystal structure having an irregular

| ayer lattice (stacking fault) with (111) orientation. According to a
twenty-ei ghth aspect of the present invention, a nagnetic )

recor di ng/ r epr oduciAsgordingae atwenty-sisthuarest ofttheepraseghiavention.ds drediermgniedium
according to 15 any one of the first to twenty-sixth aspects; and a

magnet i ¢ head mhdgattio recsdislg netdiveegeadinges aiyndrerofeiei {fost tosixteenth egertsthe Aagnet i ¢
recordi ng medium [0014] According to the present invention, it is possible

to provide a pefPsRdiferbethe iiBaREkieJayet EYrdtrably HRde dianlloh diréHal bERPR% Ng
density in which a criystal c-axis of the 20 crystal structure of a vertical

di I : | ' | lel t
he sur face of® 35 BhREPBUE RN o HEnBRSHEA) Al IR AfleR B 0 o1 °

aneter par 1 ct es of

the perpendi cul ar. gheti c, | ' er. |, BRI EF DESCRI PTI ON OF THE
DRAW NGS 25 (‘%‘i‘g‘]‘gn%?& éﬁ%\c’ ?gﬁi% ﬂﬁc ‘éé’gﬂ ig‘(ﬁji %%aﬁ% 5?‘ew illustrating the
structure of a perpendi cul ar magnetic recordi ng nedi.um according to_ the
present invention. AcrEding to & twendl-seyenthpspect il thedresenf ipyratien: theye i5ipsgiaded a
orientation of an fcc structure. FIG 3 is a diagramillustrating the
structure of anqisrdodmcinofacwmringragerpérdicular rsguetidireaptdinpmodivmi indudipg strleasus
according to the present invention. FIG 4 is a diagramillustrating the
X-ray diffractahesf nfpeuiziliyer, ab ikds laytr, an intdrileéinrbdicntagd b pyrpendiadaar ding to
t he present invention. 10 BEST MODE FOR CARRYI NG OQUT THE PRESENT | NVENTI ON

([jgg éﬂ bszr iein g deBiEtic redzamb By ﬂﬁi@@%rﬁ%ﬁ aQbnIri@nRicatBhatel NHERetRA W |1 be
10  includes: adding an element having a bee structure or a hep structure to an element
having a fec structure such that at least one layer of the intermediate layer form a crystal
structure having an jrregular layer lattice (stacking fault) with (111) orientation.
According to a twenty-eighth aspect of the present invention, a magnetic
recording/reproducing apparatus includes: the magnetic recording medium according to
15 any one of the first to twenty-sixth aspects; and a magnetic head that records or
reproduces information on or from the magnetic recording medium.
[0014]
According to the present invention, it is possible to provide a perpendicular
magpetic recording medium with high recording density in which a crystal c-axis of the
20  crystal structure of a vertical recording layer, an hep structure is particularly substantially

paralle! to the surface of a substrate and the average diameter of crysal particles of the

perpendicular magnetic layer is very small.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [0015]




detail with reference to the acconpanying draw ngs. 15 [0017] As shown in
FIG 1, a perpendicul ar nagnetic recordi ng nmedium 10 according to an
enbodi ment of the present invention includes,at |east a soft magnetic soft
magnetic layer 2, an under layer 3 and an internediate |ayer 4 form ng an
orientation control layer that controls the orientation of an upper |ayer,
a perpendi cul ar magnetic |ayer 5 having an 20 easy nmagneti zation axis
(crystal c-axis) tRHL liisa sobssteetinnabyiey ilustratingzthe stoichire ofsparpandiculand a
protective layer 6 that are formed on a non-nmagnetic substrate 1. The
orientation cgbfidic redopdify medithudasdiag p e plesdny invkndoayers. For exanpl e, the
orientation control l|ayer includes the under |ayer 3 and the internediate

| ayer 4 formed on ifie 2%95)3&@@3@11&%&&%&3gngrgg]gagéf BiSontdoR SER fck R ON can

al so be applied to new vert recordi that are expected to 25

i nprove the recordi densid .3 the near r . di a, disk
read track 13 nedi 3&%?@6%?&? En@é%%’gs?%ﬁgf?agrgﬁé&ﬁ%r%%gﬁeti C
substrate gused for the netic recordin dium according to the present

i nvent i on, > an§FeETIMEREPIOERIIRR APREFANS A Wﬁgegrﬁffglfﬁné{?’@@nnay be used: an 5 Al
all oy substrate nmade of, for exanple, an_A-M_alloy having Al as a main
conponent; a geneFHl 4dpadiagramdBustiating tha teray drfirastingi pteasityiciaeaobised gl ass
substrate; an anorphous gl ass-based substrate; a silicon substrate; a

ti t ani um substmeamediag leyer actorisngsta st predest ingentisapphi re substrate; a quartz
substrate; and substrates nmade of various kinds of resins. Anong the’
substrates, in many cases, an Al alloy substrate or a gl ass-based substrate,
10 such as a glass ceram cs substrate or an anorphous gl ass substrate, is
used as the non- magnetic substrate. In the case of the glass substrate, it
is preferable to use a fine polished substrate or a substrate having a | ow

Ra (R < hf\). The rgner et AR eI ok BRESERTANVERHIBN ©Xt Ur e

[ 0019)

[0016]

Hereinafter, exemplary embodiments of the present invention will be described in
detail with reference to the accompanying drawings.

15 [0017]

As shown in FIG. 1, a perpendicular magnetic recording medium 10 according to
ant emnbodiment of the present invention mcludes at least & soft magnetic soft magnetic
layer 2, an under Jayer 3 and an intermediate Jayer 4 forming an orientation control layer
that controls the orentation of an upper 1ayer, a perpendicular mnagnetic layer 5 having an

20  easy magpetization axis (crystal c-axis) that is substantraily vertical to a substrate, and a
protective layer 6 that are formed on a non-magnetic substrate 1. The orientati.on control
layer includes a plurality of layers. For example, the orientation control layer includes
the under layer 3 and the intermediate layer 4 formed on the substrate in this order. The
present invention can also be applied to new vertical recording media that are expected to

25 - improve the recording density in the near future, such as ECC media, disk read track

L]

ik B




15 In a process of manufacturing a magnetic disk, first, it is common to
clean and dry a substrate. In the present invention, it is also preferable
to clean and dry a substrate before a magnetic di sk manufacturing process,
in order to inprove the adhesion between the |ayers. The cl eaning processes
include a cleaning process using etching (reverse sputtering) as well as a
wat er cl eaning process. In addition, the size of the substrate is 20 not
particul arly edintaad patje@d@@ia. Next, the | ayers of the perpendicul ar magnetic
recording mnediumw || be described. [0021] 25 The soft magnetic soft
magnetic |ayer is {ger@rally provided in the perpendicular 14 magnetic
recording nmedium In order to record signals on a nedium a recording

magnetic field is &?@Eh@%ﬁ{ﬁgﬁc&@@%@t&%%«i B Pra¥hdticir 6k diGOMBARRHccRlling he

recording magnetic fiel effectively applied to the nagnetic recording

| ayer. The soft nej. f (.C. r . erial
havi ng so- cal {Oélae nErg?efl{ %g‘aﬁ%& a’(i::yg? gﬁ?@a@f’@ « 'Eﬂg@é t1§§.éb%§§at§s rgl;)ﬁgedg)g-%%'gaged
al l oy, a CoZrNp-pased alloy, or. a CoTaZr-based, alJloy. [0022]. It is

o ef ot abl & ¢ iy LoR SusRie Tl RB P e GBPE. HeE ooy BSHE AL Tatin SHBPIRBhs
structure. Wen the soft magnetic soft nmagnetic |ayer has the anorphous
structure, ita ganemdsqssgidspsubstrate; snalnannosiicaterharesgass pubstiafefamcmophoyhness
(Ra) and reduce the Iift of the bead. |In addition, it is possible io

i mprove r ecor glassehaskeisubitaie; & silic@cubbtryes atisamunn seddate) ordnmcsasubsirang ke sof t
magnetic |layer, a structure in which a very thin non-magnetic filmnade of,

for exanpl e, &Rgphife ubietdasedtAbiRenatdmbiiydisade 0f {Aidk RiMdNGGeaRINEL i C
filmbetween soft nagnetic |ayers has cone into w despread use. The overall

(hi ckness of Ié@%n%gféts%%sﬁtaﬁgqg%% cdsBY & A) Bi1dySobdifind @ AGFastlbastd sibifichee, 120 N

10 such as a glass ceramics substrate or an amorphous glass substrate, is used as the non-
magnetic substrate. In the c;ase of the glass substrate, it is preferable to use a fine
polished substrate or a substrate having a low Ra (Ra < 1A). The non-magnetic substrate
may include a little texture,

[0019]

15 In a process of mapufacturing a magnetic disk, first, it is common to clean and
dry a substrate. In the present invention, it is also preferable 1o clean and dry a substrate
before a magzleti(;. disk manufacturing process, in order to improve the adhesion between
the layers. The cleaning processes include a cleaning process using etching (reverse
sputtering) as well as a water ¢leaning process. I;x addition, the size of the substrate is

20 not particularly limited.

[0020]
Next, the layers of the perpendicular magpetic recording medium will be
described.

[0021]

25 The soft magnetic soft magoetic layer is generally provided in the perpendicular




bet ween recordi ng/ reproduci ng characteristics and ONcharacteristics. [0023]
In the present invention, an orientation control |ayer that controls the
orientation of the upper layer is provided gn the soft nagnetic soft
magnetic |ayer. The orientation 20 control layer has a nulti-layer structure
of an under |ayer and an internediate layer fornmed on the substrate in this
order. [0024] In this enbodinent, it is preferable that the under |ayer
have an hcp stmagaetiorecording nfedinns tinwodentoerecad hignalgomamediowa b eavordmegt er i al
structure, or an anorphous structure and the 25 average di aneter of crystal

particles of tgnettdRdld Isd¢edratb@ b AHeed, 2808 Pertital @ompoiedt SQhe rdording! F 15
[00251 In the present invention, the internediate |layer is used to

effectively al j i I r 44 i i on.
The i nt or moa rapdgiield (FRELES GBS0 O1ilins BURE o alfe ke TR chetd
havi ng an fcc sgruct

r and an_ el enment havin b structure or an

el ement havi ng®amage mg“éyrcﬁgiaﬁg‘é.mafi?O'%mﬁtF%%i&F%BEEo'gﬁlga S?élglag?#lér nedi at e

| ayer has hoth a crystal structure having ( orientatio nd an
irregul ar PayPABEEEISS Suwéﬁépﬁﬁﬁ‘%@ﬂlf’% é%’bﬁv’-déﬂﬂ%ﬂ Gr%é’%ég"}?%‘éd fee
structure and the bee structure. The fcc structure, the bee structure, or
the hcp structalley of the material forming the internediate |ayer is
suitable for the object of the present invention, and nmeans a 10 crystal
structure in the enfd022hnment in which the nmagnetic recording nmedi um
according to the present invention is actually used, that is, a crystal

structure at the tenrRepRicbe: Bit thawyfGhaddetc GRS Ec Taf&Hatk H0arhB e
according to the presg?llfe invention is aé%lt ual l'y ﬁésned. ?[0026) The (111) pl ane

ientati f f ! ; d..:15 O,
cach havi ng arSaatien afagie Erin RaPRAUR fulfbc RiG%a: MEShOnhths Hecluif 2 17
overl ap

10  possible to prevent an increase in surface roughness (Ra) and reduce the lift of the head.
In addition, it is possible to improve recording density. In recent years, in addition to a
single soft magnetic layer, a structure in which a very thin non-magnetic film made of,
for example, Ru is interposed between two layers to form an AFC magnetic film between
soft magnetic layers has come into widespread use. The overall thickness of the soft

15 magnetic layer is in the range of 20 nm to 120 nm, but it is determined by the balance
between recording/reproducing characteristics and OW characteristics.

[0023]
In the present invention, an orientation control layer that controls the orienﬁtion
of the upper layer is provided on the soft magnetic soft magnetic layer. The orientation

20 contro] layer has a muli-layer structure of an under layer and an intermediate layer
formed on the substrate in this order.

[0024]
In this embodiment, it is preferable that the under layer have an hep structure, an
fec structure, a hexagonal covalent material structure, or an amorphous structure and the

25  average diameter of crystal particles of the under layer be in the range of 6 nm to 20 nm.




each other (A->B-*C--*A--*B-+C->A->...), as shown in FIG 2. \Wen el enents
having the bcc structure or the hcp structure are mxed with the | am nated
structure, the periodicity of A-->B-->Cis oken, which results in a
stacking fault (for exanple: A ~B ~C 3A ~CaA~-B >C *...). The stacking
fault can be observed by, for 20 exanple, a transm ssion el ectron

m croscope (TEM. Further, in the in-plane neasurenent of X-ray diffraction,
in addition to a qodXSiacti on peak due to the (111) plane orientation, a
diffraction peak is observed at a |low angle that is not viewed fromthe

extinction side Oflntﬂaaﬁés@ﬁt ifkent 6, WieSnleRh &dee Rver 10 sddhe efixctivelg kligthei de of
the fcc structure). en the periodicity of the stacking faults is not

vi ewed f1om anJiMid BBGRing Ihyet T BOVEAERFANRA THOMRRRBaS 146/ Rt BRlkEs occur

on the basis e Inte y o raction 1 pea I's called

an irregular | ayer latfice. [0027] .Th 0 | ane orientation aqf the hcp
Struct ure, wi BBty 38 an HERRLbauhy B il Paodie R o BRR R PN L ur o,
nmeans that two | ayers and B are alternately, |amn nated (A-*A-4A-+B-*. . .).
That is, in t%cwﬂ)ang\eawetwﬁp P Sfchiet K& pr rﬁg{ert%ﬁffs}&fr‘é’}en???ém‘t | ayer
is conpletely renoved. Therefore, it is believed that the irregular |ayer
lattice caudexerbgs hatlea piystalsteice kavingd hi 1) lonientatdon and an irzegslar lavenlagicaind

el enents having the bee structure or the hcp structure is positioned

bet ween t he ((3dRingfaahpcatsdddytaahixae of tht fre sfraaureand thetbue sinende.t he (002)

pl ane orientation of the hcp structure. 10 [0028] The crystal orientation of

the magnetic recormheRg dunay@fe, {HWIB Rt RE theiidp SR 8f Be hitieSial fofming
substantially determ ned by the crystal orientation of the internediate

ayer. Ther STl bnerhlabd (AT K ARAC P B RCFOTY Ble v LE LALLM, £ the

internediate T'ayer 1Tnth nut acturi er pendi cular magnetic
0001501 AR T o DB Bk oA e "
crystal part itg ltheesprg;emt igxerenrtri%g ?see;[citu%ll)rr 1elsce ’r L iatqg, al c@/s?arl structure at the temperature at
which the magnetic recording medium according to the present invention is actually used.
[0026]}
The (111) plane orientation of the fcc structure means that three Jayers (A, B, and
15 (), each having atoms that are most closely arranged on one surface, regularly overlap
each other (A->B—>C-2A—>B—C—>A—>...), as shown in FIG. 2. When elements having
the bee structure or the hep structure are mixed with the laminated structure, the
periodicity of A—>B~>C is broken, which results in 2 stacking fault (for example:
A—-B->C—>A->CA—>B—>C—...). The stacking fault can be observed by, for
20 exﬁple, a transmission electron microscope (TEM). Further, in the in-plane
measurement of X-ray diffraction, in addition to a diffraction peak due to the (111) plane
orientation, a diffraction peak is observed at a low angle that is not viewed from the
extinction side of the fec structure (breakdown of the extinction side of the fee structure).

When the periodicity of the stacking faults is not viewed from a TEM image, it s

25  considered that some stacking faults occur on the basis of the intensity of the diffraction




formed on the internediate |ayer are likely to succeed to the shape of the
crystal particles of the internediate |ayer, and the magnetic recording

| ayer is likely to have fine crystal parti ées. Therefore, it has been
found that the smaller the diameter of the trystal 20 particles of the
magnetic recording | ayer beconmes, the higher the signal-to-noise ratio
(SNR) becones. [0029] In the (111) plane orientation of the fcc structure,
there are axipeakywinel fsiceliedian irtegulak layer kafticd 1>, and <11-1> directions in
addition to a <111> direction, which is the 25 normal direction of the
surface of the suljgbpate. Anong the four axis symetries, the 17 staking
fault occurs in the axis symetries other than the axis symmetry in the

<111> direction, Hhi X(ta@ ipfant | lalt%ﬁﬁa{oﬂ%hﬂ'hrc Chridle ﬁ&m ﬂg@ atifsb s&eegrrachﬁe

substrate, due to m enent s aV| ng ee str cture or

el enent s haV|n .the hep str ture esu metri.es are

| ost. That is® Ao |di1ﬁ1§? ,énqa%tggﬁpﬂéatye{sg& ﬁ‘hdd% aﬁﬁﬁéﬁmﬁ:’%’ 1@?‘“5# dan 5

el enent haV| n the fcc structure, and an el enent having the bcc structure or
an el ement3 pRg>AMB-Rep- dibatistinihs (Ahl) pias opertion of tedeastrusrireidiefs e havi ng
(111) orient at| on and an irregular layer lattice (stacking fault) caused by
a mxture of lape if canpletelyctmoed altiertfoee, Beebelwvedtbatuheintegslavlaysy lathee <111>
axis symmetry. [0030] 10 In this way, the nagnetic recording |ayer forned
on the internafkalis thaydtuke 31 clghemhadiag d@ ftoshanee irde]axdns Ryimgeigheconl y in
the normal direction of the substrate. Therefore, the crystal c-axis ([002]

axis) is effeghiMpd artﬁéhcqchmfe ik i?@sﬂl’cﬁ&& b&@kcrf’thé ﬁqq?ﬂ'anc oricA8ad ome fda%

per pendi cul ar magnetic recordi ng hedium a net using the half-

width of a ro r yal uate whether the
crystal c- am“ghll?]?%%gi]d{g& i;plgg l‘l%ﬁt%brpo ?@Jprstggotﬁc? ng layer is aligned in
t he Vertlﬁf di rec[hhgi{] of the substrate w t hout any turbul ance, In the
met hod, st, rate having a film forned

The crystal orientation of the magnetic recording layer formed on the
intermediate layer is substantially determined by the crystal orientation of the
interinediate Jayer. Therefore, 1t is very important to control the orientation of the
intermediate layer in the method of manufacturing the perpendicular magnetic recording

15 medium. Similarly, if it is possible to finely contro] the average diameter of the crystal
particles of the intermediate layer, the crystal particles of the magnetic recording layer
formed on the intermediate layer are likely to succeed to the shape of the crystal particles
of the intermediate layer, and the magnetic recording Jayer is likely to have fine crystal
particles. Therefore, it has been found that the smaller the diameter of the crystal

20 particles of the magnetic recording layer becomes, the higher the signal-to-noise ratio
(SNR) becomes.

[0029]

In the (111) plane orientation of the fcc structure, there are axis symmetries in <-
111>, <1-11>, and <11-1> directions in addition to a <111> direction, which is the

25  normal direction of the surface of the substrate. Among the four axis symmetries, the




thereon is placed on an X-ray diffractoneter, and a crystal plane that is
parallel to the surface of the substrate is analyzed by the X-ray
diffractometer. X-rays are radiated to 20 the substrate at a predeterm ned
incident angle to observe a diffraction pegk corresponding to the crystal
pl ane. Wen the magnetic recording nediumis nmade of a Co alloy, the c-axis
[002] direction of the hep structure is vertically aligned with respect to
the surface of the substrate. Therefore, a peak corresponding to the (002)
plane is obsteldng&uhbh@msinam@q@smat@gpsnmnasmmmimgwtﬁlme surface
of the substrate while 25 maintaining the Bragg angle with respect to the

(002) pl ane. dirgetibhivehietais the nohnsl dileeich®f tei siffaceadfitloarsubstiaes) dird 4 roifiukdhe (002)
pl ane with respect to the inclination angle of the optical systemis

plotted, it sy emh@h%gﬁe%%cﬁﬁé & d&hdr mdvitoanShdpknBitone AaMbng a swing

angle of 00 as 1ts centef, which is called a rocking'curve. In this case,
when the (00 IS and | . @Eﬂl f ;f@ﬁ
substrat e, a%ﬁ%{s%{)ﬁgm@%ﬁ:ﬁ%ﬁ%&.\/gﬁ |t?’ %%tugtl neg¥a‘?clsla%§t)§aﬁgsr§ e@?ﬁﬁg@% en the
direction_of the (002) plane is wdely spread,. a,flat rockin urve is

obt ai ned. 3 ThEFBEREYIE e yrieEe et 1 HeRe AEYPE{R BABISETBE Of FHETRRK | ng
curve is wused as an index for the crystal orientation of the perpendicul ar
magneti c r echbivinRgige hepediughire pddepboth apryatet grustmghaving ( dl)mnesiaren maaant i on,
the internediate |ayer is nade of an alloy of an elenent having the fee

structure, airkgalar Biyeriatice (s@oking faihecanssl tyta midture of the f@ntrueivemdthettavi ng t he
hep structure, and has both a crystal structure having (111) orientation

and an irreguhahirt Bysamly @k ki re 4o fkieng. faul t) caused by a mixture of the
fcc structure and the bcc structure. Therefore, it is possible to

manuf acture a per@g@%incul ar 15 magnetic recordi ng nedi um having a small
hal f-wi dth A6 50 I n ich an internmediate layer is made of Ru, Re, a Ru

all oy, O R al Lk hay! B0l o imed ol i fediE 1oy RES! 1 ©
grown so as 1o have the axis symmetry only in the normal direction of the substrate.
Therefore, the crystal c-axis ([002] axis) is effectively aligned in the vertical direction.
[0031]
In the perpendicular magnetic recording medium, a method of using the half-

15  widthofa rocking curve may be used in order to evaluate whether the crystal c-axis
([002] axis) of the magnetic recording layer is aligned in the vertical direction of the
substrate without any turbulance. In the method, first, a substrate having a film formed
thereon is placed on an X-ray diffractometer, and a crystal plane that is paralle] to the
surface of the subsirate is analyzed by the X-ray diffractometer. X-rays are radiated to

20  the substrate at a predetermined incident angle to observe a diffraction peak
corresponding to the crystal plane. When the magnetic recording medium is made of a
Co alloy, the c-axis [002] direction of the hep structure is vertically aligned with respect
to the surface of the substrate. Therefore, a peak corresponding to the (002) plane is

observed. Then, an optical system is swung relative to the surface of the substrate while

25 maintaining the Bragg angle with respect to the (002) plane. In this case, when the

= ) il - A



It is preferable that the internediate | ayer according to the present
invention be 20 fornmed of a material having a wettability that is |ower
than that of a Co-based alloy form ng the magnetic recording | ayer.
Specifically, when the internediate |ayer i sI8 formed of a materi al havi ng a
spreadi ng coefficient on wettability 5,,c0 in the range of -1 (J/nR) to +2
(JImM, which is a paraneter indicating the wettability of Co (liquid) on the

intermedi ate | fy@ky nsiailchgéy,ofizﬁe (b@p:)g@?e wWitklrespeeds RRSRYnAE dnONglfe OF ten@itdDe

magnetic recording 25 | ayér to hav ne crystal particles. The spreading

coefficient o -l |NN PRV A eal £ 5 |l .Qw

equati on: SYC[)LY%&%QBWC&SSQO\%\E@?&O Qr)?%ganddﬁgag{[f%ﬂsﬁﬁeﬁgq};%e;}% g raese g;% Fléy
(J/n2) of X (saljd), |ce indicat the .surface free ener ( of Co
(liquid), and o028 itseriiens C}’(lﬁéﬁg‘fﬂéﬁa‘g}m@% Ty fhisgass vf%ﬁgé?ef@@%%fé‘ﬂﬁeen X
and Co). [0034 In addition, if the average distance di,,, between atons
of an al |l oy i subsiantisly parpitpd tthe surface af the gubsirage, asharpirocking e Bhained
epitaxially grow a Co-based alloy of the magnetic recording |layer. 10

[ 0035) Si giial Dmthe othet heald] whenabe didetion nf thé €0 pplamst ik svidedy sprefidpg flktayeding The
magnetic recording |layer is generally forned of a Co-based all oy, such as

CoGr, CoCrPt, LRfeliPbiRained CffleRfdte in ndRcile 1R Nalf- WAAH AB 56f thfdcking Slris
CoCrPt-Cr2@8i CoCrPt-T1Q2, CoCrPt-.Zr 2, CoCrPt-Nb20s, CoCrPt-Ta20Cs, or

Coar P T | PR dliEn S RaPorkataBORARS erRilafiBlar BkEhetlcedd a

granul ar structure 1n i ch™an”oxi surround ghetic cryst

particles is qobtained, and magnetic interaction between the Co crystal
particles i s%@%ﬁed, which results in a reduction in noise. Finally, the
crystal structure d the magnetic characteristics of the |ayer determ ne
recordi ng/ repr oduci Sﬁ?zl:har acteristics.

10 According to the present iﬁvention, the intermediate layer is made of an alloy of
an element having the fec structure, and an element having the bec structure or an
element having the hep structure, and has both a crystal structure having (111)
orientation and an irregulgr layer lattice (stacking fault) caused by a mixture of the fcc
structure and the bee structure. Therefore, it is possible to maoufacture a perpendicular

15  magnetic recording medium having a small half-width A9 50 in which an intermediate
layer is made of Ru, Re, a Ru alloy, or a Re alloy having the hep structure, similar to the
magnetic recording layer.

[0033)]
It is preferable that the intermediate layer according to the present invention be

20 formed of a material having a wettability that is lower than that of a Co-based alloy
forming the magnetic recording layer. Specifically, when the intermediate layer is
formed of a2 material baving a spreading coefficient on wettability S¢"° in the range of -1
(J/m®) to +2 (J/m?), which is a parameter indicating the wettability of Co (liquid) on the
intermediate layer (solid), it is easy for a Co-based alloy forming the magnetic recording

25 layer to have fine crystal particles. The spreading coefficient on wettability $,°° is



[ 0036] 20 Since the magnetic recording |ayer has a granular structure, it is
preferable to increase the pressure of gas for formng the internedi ate

| ayer to formuneven portions on the surfacqgof the layer. In this case,
the oxide of the nmagnetic |ayer is concentratéd on the concave portions of
the surface of the internediate |ayer, thereby formng the granul ar
structure. However, when the gas pressure is increased, the crystal
orientation 25catultteé by tHedolimddhg@equatiayer is likely to deteriorate, and the
surface roughness may be .. Li ASHI=1 A 20 increased. Therefore, in
order to inprove ansgmgqgtﬁ&ngcfroperty and reduce the surface roughness,
an internediate |layer has a two-1ayer structure of a layer forned at a | ow

gas pressure and a er .for } -F0037] 4: I
general, a DC rragne{vlr’}g%e ?‘dﬂ&:ggsﬁhgguﬁgfggy%’g@r{?ﬁf%fﬁ"%‘?)r2@2‘#‘%‘%"}?"8&& s used
to formthe above-nentioned | avers. I n, addition, .an bi as, LOC.bias, a
pul sed DC, a pPiiase eb@eég%@{ma%ﬁ é%lgl,quﬂg’@“@é%FO la%atmﬁgﬁr%gﬁ%ggﬁ%d. I n
this case, a sputtering gas pressure is appropriately determ ned such that
each | ayer has ingfacehetwebraXand €o).stics. In general, the sputtering gas
pressure is controlled in the range of 0.1 to 30 (Pa). The 10 sputtering gas
pressure is adjustef0dépendi ng on the performance of a nedium [0038] The
protective layer is provided to protect the recording nediumfromthe

damage caused by Comﬁaitiolh?ﬁﬁﬁ%ﬂeﬁﬁeadi&%@ AR Bktddg aftRli ofh aff is aXREPAge @

carbon filmor a SSQ2 filmis used as the protective |ayer. In many cases,

et hod or o pl Skhs VS e rHeh 1 SRR, Ay b CE AR e faBRI " o1 1O

recent years, the Ialsrra CVD net hod has generally been used. However, a
nmagnet ron pl asﬁ%?o'é%tg hod may al so be used. The

10 [0035]

Signals are actually recorded on the magnetic recording layer. The magnetic
recording layer is generally formed of a Co-based alloy, such as CoCr, CoCrPt, CoCrPtB,
CoCrPtB-X, CoCrPtB-X-Y, CoCrPt-0O, CoCrPt-Si02, CoCrPt-C1,05, CoCrPi-TiO,,
CoCrP1-Zr0;, CoCrPt-NbsOs, CoCrPt-Ta:Os, or CoCrPt-TiO;. In particular, when a

15 magnetic oxide layer is used, a granular structure in which an oxide surrounds magnetic
Co crystal particles is obtained, and magnetic interaction between the Co crystal panticles
is w;veakcned, which results in a reduction in noise. Finally, the crystal structure and the
magnetic characteristics of the layer determine recording/reproducing characteristics.

[0036]

20 Since the magnetic recording layer has a granular structure, it is preferable to
increase the pressure of gas for forming the intermediate layer to form uneven portions
on the surface of the layer. In this case, the oxide of the magnetic layer 1s concentrated
on the concave portions of the surface of the intermediate layer, thereby forming the
granular structure. However, when the gas pressure _is increased, the crystal orientation

25 of the intermediate layer is likely to deteriorate, and the surface roughness may be

]



t hi ckness of the protective filmis preferably in the range of 1 nit to 10
rim nore preferably, 2 to 6 nm and nost preferably, 2 to 4 nm 20 [0039]
In particular, it is possible to manufacturg a magnetic recordi ng nmedi um
with little noise in which a magnetic crystal is isolated by an oxide while
mai ntai ning crystal orientation by adjusting the pressure of gas for
formng the internediate | ayer and the pressure of gas for formng the
magnet i ¢ r ecdnctemgd.| Byeefore2m o 4Dimprove an-erigntaton Fomriyand seduceltha gurdace
illustrating an exanple of a perpendi cul ar magneti c recordi ng/reproduci ng

appar at us usimggltines, Reintenetifttlayer HiBgBedlayer Saofued 61t 1awd fored alhewggnet i c
recor di ngt reproduci ng apparatus shown in FIG 3 includes the nagnetic

recordi ng mdﬂr%%ﬂ&&%‘%’&ﬁﬁnﬂa@aﬂ@gﬁsﬁfé@w driving unit 1 | that rotates
m 10, a

the 5 recordi'ng nmedi u magneti ¢ head 12 that records or reproduces
information to or OQ m t he magnetic recordi ng nmedi um 10, a head driving
unit 13 that nove magnetic head 12 relative to the magnetic recording

medi um 10, and a r.ecordin eproduci ng. signal processing system 14. [0041]
10 The recordi ng/ rlégm%énﬁgmns \%Ef'@égg'fe%é’dﬁértl sg\ggcglgéngﬁ’@gég@e ata

input fromthe outside and transmit recording signals to the magnetic head
12. I n addi t itodornt the abavegmmtipweg/layspy: doeddifien, sh §idiiasps BESdas; apu @ra 14 can

process reproduction signals from the magnetic head 12 and transmt data to

the outside. fulR4ZIC bidH O)gad, HeO Fag ard Ne gizanay Hekised €l thie case hespiagriigigas
recordi ng/ reproduci ng apparatus, the follow ng may be used: a nmagnetic head
that incl udesyred§reds igpRipPadidy derRine@8ikh tha each layer has optimal characteristics. In
general, the sputtering gas pressure is controlled in the range 0f 0.1 to 30 (Pa). The
10  sputtering gas pressure is adjusted depending on the performance of a medium.

[0038]

The protective layer is provided to protect the recording medium from the
damage caused by contact between the head and the medium. For example, a carbon
film or a SiO; film is used as the protective layer. In many cases, the carbon film is used

15  asthe protective film. For example, a sputtering method or a plasma CVD method is
used to form the proteciive film. In recent years, the plasmna CVD method has generally
been used. Howevef, a magnetron plasma CVD method may also be used. The
thickness of the protective film is preferably in the range of 1 nm to 10 nm, more
preferably, 2 to 6 nm, and most preferably, 2 to 4 nm.

20 [0039]

In particular, it is possible to manufacture a magnetic recording medium with
little noise in which a magnetic crystal is isolated by an oxide while maintaining crystal
orientation by adjusting the pressure of gas for forming the intermediate layer and the

pressure of gas for forming the magnetic recording layer.

25 [0040]



[re——

magnet o-resi stance (MR) el enment using an ani sotropi c nmagnet o-resi stance
effect (AMR), a GWR (giant magneto-resi stance) elenent using a GWR effect,
or a TuMR (tunnel nmagneto-resistance) el emépt usi ng a tunnel

magnet o-r esi stance effect, and is applicabl 20 to inprove recording
density. Exanples [0043] Hereinafter, the present invention wll be
described in detail with reference to 25 Exanples. 22 (Exanple 1 and
Conpar ati ve ExanplHGL} ish diagam fithchatingen chaupln of aperpiddiyiubs smagndist r at e set
therein was set to a pressure of 1.0 x 10-5 (Pa) or less. [0044] 5 Then, a

sof t magneti Creg@bing/fBIORIcinG abpirfils Al th¥PErpERELRIR naphhfR £6coMihPmediumt hi ckness

of 50 (nm) and an under |ayer” that had ah anorphous structure and was nade

of NiTa with t hi . .3.an Ar
at mosphere at 1 HyEieRTatheRebiighy WhE LI HEIC IS b ARBef 0T 10
An internediate |l.ayer was r med n al Loy of .an el nt having the fec
structure andre@@mglﬁ'tqqmgélifqmﬁﬁmﬁq' a msgiut ,vu}grqu\tﬁgﬁat(rgﬁtg es 1-1 to
1-4). In order to mx Cr, the substrate was rotated during a deposition
process. The wr@tmgamediunpif, eieegoetistheed bhtheetacwds grfreprodusssmiermationtoddr to t he
center of the substrate was 396 (mm), and the nunber of rotations of the
substrat e hol ftem themagneic ferqiingonediung 10, hdestbdrdang wront pthaioeses themdgneticng t he
deposition process, the discharge powers of two targets were arbitrarily

adj usted to C_EE%EﬂQEcliﬂ‘@_tQhe%&MrE@iﬂiﬁ?nﬁeﬂﬁuhﬁﬂ), wﬁecoramg/xép?b@khﬁns hi p
between the film deposition speed and the discharge power of each target

was adj usted, ; : p4ion of the Cr alloy was calculated fromthe
di schar ge pom%gﬂégﬁggﬁgg schar'ge

[0041]

10 The recording/reproducing signal processing system 14 can process data input
from the outside and transmit recording signals to the maguetic head 12. In addition, the
recording/repro.ducing signal processing system 14 can process reproduction signals from
the magnetic head 12 and transmit data to the outside.

[0042]

15 As the magnetic head 12 used for the magnetic recording/reproducing apparatus,
the following may be used: a magnetic head that includes, as a reproducing element, a
magneto-resistance (MR) element usiné an anisotropic magneto-resistance effect (AMR),
a GMR (giant magneto-resistance) element using 2 GMR effect, or a TuMR (tunnel
magneto-resistance) element using 2 tunnel magneto-resistance effect, and is applicable

20  toimprove recording density.

Examples
{0043]
Hereinafter, the present invention will be described in detail with reference to

25  Examples.



time during the deposition process. The thickness of the internediate |ayer
was 20 (nnm). 20 [0046] As conparative exanples, internediate | ayers were
formed of Ru and Zr (which have the hcp st Qucture) with a thickness of 20
rim(Conparative Exanples 1-1 and 1-2). During the deposition process, the
Ar gas pressure was 10 (Pa). [0047] 25 Then, a magnetic recording |ayer
made of Co-Cr-Pt-Si02 and a protective |layer 23 nmde of C were forned on
the surface ¢Exampie] sehPompargivedaxemplétldre a magnetic recordi ng medi um
[0048] A lubricant was applied onto the perpendi cul ar nagnetic recording
media 5 (Exanpl es vhedunt chainbdr hating AadHiD alaad substrdfecsentilessin Waslseatach presdjreand t he
recordi ng/ reproduci ng characteristics of the perpendi cul ar nmagnetic

recordi ng ne A ted by Read/ Wite Analyzer 1632 and Spin Stand S
1701MP avai l gg?gx}/\ﬁ{) Pﬁggélé Techni cal Enterprises of the USA. Then, the
static magnetic ctt% teristics of the perpendicular nmagnetic recording
medi a vvere eval ua y a Kerr neasuring apparatus. 10 In order to exam ne

t he cryst orientation of a Co-based al oy formng th etic recording
| ayer, t h r ocki né—ﬁ BReahs 39@&4@9@& aryé&é‘fﬂ ‘Vﬁs‘&?@&g G:Pnggﬂb‘?’ﬂéﬁ X- 1 ay
diffractometer. [ 0049 The neasured results, for exanple, the
si gnal - t o- noﬂ@dcnes&qféﬂ(@mnd ap defilayer that heg apjamprphaas SDICtmendiwas mAdamet er s
of Co crystal particles are shown in Table 1. Al of the paraneters are
i ndexes used of Mi Taewilh athidknesstofié (e were faned oo die suberaan pe Adiagndsphiere armgnet i ¢
recording medium [0050) In Exanples 1-1 to 1-4 shown in Table 1, when the
content of Cigad Srealffe 070.6 (Pa) by a sputtering method.
[0045]
10 An intermediate Jayer was formed of an alloy of an element having the fec
structure and Cr, such as Pt-Cr, Ir-Cr, Pd -C1, or Au-Cr (Examples 1-1 to 1-4). In order
to mix Cr, the substrate was rotated during a deposition process. The distance from the
rotation center of a substrate holder to the center of the substrate was 396 (mm), and the
number of rotations of the substrate holder was 160 (rpm) during the deposition process.
15 During the deposition process, the discharge powers of two targets were arbitrarily
adjusted to contro] the Cr concentration in the layer. The relationship between the film
deposition speed and the discharge power of each target was adjusted, and the
composition of the Cr alloy was calculated from the discharge power and the discharge
time during the deposition process. The thickness of the intermediate layer was 20 (nm).
20 [0046]
As comparative examples, intermediate layers were formed of Ru and Zr (which
have the hep structure) with a thickness of 20 om (Comparative Examples 1-1 and 1-2).
During the deposition process, the At gas pressure was 10 (Pa).
[0047]

25 Then, 2 magnetic recording layer made of Co-Cr-Pt-Si0; and a protective layer

slbds i



20 irregular layer lattice occurs, and the internediate |ayer has the fcc
structure. Since the value of AO50 is small, the values of the paraneters
SNR and He are snall even though the crystajj of the nagnetic layer is grown
with good orientation in the vertical direction of the substrate. It is
believed that this is because the crystal particles of the magnetic |ayers
are aligned in the <-111>, <1-11>, and <11-1> directions, in addition to the
<111> 25 di r ewedeof Gowere fermied on shersurfaaerad caatsampleite manefactae @imagnetd r ect i on of
the substrate. 24 [00511 In Exanples 1-1 to 1-4, when the content of C was
mor e t han 30% retdrding peetiwet ers SNR, Hc, and AB 50 were inproved, as conpared
to Conparative Exanples. Wen the content of & was nore than 30% the

val ue of AB 50 was rhess than that when 5 the content of O was 5% It is
believed that this is because a stacking fault occurs due to an increase in
t he amount of Cr, r | ' 0 g : ] e

i nternedi ate | ayer ‘ﬁglghéér#% aésgpr%?rlgg %rn;i/tlé\%% 'tﬂne%;cgélg%lc m%@%{\%%@gg%%gn%{i% S.
Therefore, both the atic etic characteristi nd, t he el ectromagnetic
char act er i é)i cEXgmPples i'itld?l:lﬁ’ %@?@Pm?%%%ﬂks i\i'ﬁéﬁﬂ?\é@%@éd to observe the
di aneters of the crystal particles of the Co 10 based alloy form ng the
magnet i ¢ recorracqx@mg/agmduemgah@raﬁm%cmf\ﬁhwrﬁsnémm@gwcmatdmgsme%ﬁum to
or greater than 3000 (Ce). The results are shown in Table 2. [0052) As can
be seen from Tadrk eviluatédiey ReatiSN redimalyzed 1632 andiSpin Gtand S 17¢1MRyenaileble frgmr

| attice has better crystal orientation than Conparative Exanples and easily

control s the 1@uAlk FeBRLRESEREDHES of ¥ SA, TRb[the kese BbgreliecHapactdrisids of @fem ng
the magnetic recording layer. (Exanple 2 and Conparative Exanple 2) Simlar

to Bxample 1 RnilieaPORRINC rd-BNEp A0fh BéeU0klElted BYEReSlesul O BRfrAL. @

gl ass substrat'e. ernedrate |l ayers ware foane

t hi ckness Q.(n Exanpl es 2-1. a -2) he. .] AL di ate | ayers,

t he conposﬂ i olﬁ ogﬁerge)%%n%e %ﬂ%‘o‘meg@gggﬁa(&?-#%ea %ﬁ ?’4{3 "%hgﬁ]gﬁaggﬁt }c 55, 65,
0Q - - . =

and 75(% andretl:c{rdil% la%r, meﬁgékir?g?)éur\?edfdf d?enlgagnetié layer was measured by an X-ray

diffractometer.
[0049]
The measured results, for example, the signal-to-noise ratio (SNR), coercivity
15 (Hc), AB 50, and the diameters of Co crystal particles are shown in Table 1. All of the
parameters are indexes used for evaluating the performances of the perpendicular
fnagnetic recording medium.
[0050)
In Examples 1-1 to 1-4 shown in Table 1, when the content of Cr is 5%, no
20 irregular layer lattice occurs, and the intermediate layer has the fec structure. Since the
value of A8 50 is small, the values of the parameters SNR and Hc are small even though
the crystal of the magnetic layer is grown with good orientation in the vertical direction
of the substrate. It is.believed that this is because the crystal particles of the magnetic
layers are aligned in the <-111>, <1-11>, and <11-1> directions, in addition to the <111>

25 direction of the fec structure, which is the vertical direction of the substrate.
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70(% . As conparative exanples, Pt, C, and Jr filnms were fornmed, in a way
simlar to Exanples 2-1 and 2-2 (Conparative Exanples 2-1 to 2-3). In
addition, in a way simlar to Exanple 1, a4magnetic recording |ayer and a C
filmwere formed on the internediate |ayer (Exarrpl es 2-1 and 2-2, and
Conparative Exanples 2-1 to 2-3). 25 [0053) _-u. 25 The in-plane
measurenment of X-ray diffraction was perforrred on the sanple having the

i ntermedi ate | ayed09ddmed thereon to observe a diffraction peak by the
irregular layer lattice. In addition, the Kerr neasuring apparatus was used
to measure the stlaExampleghétoe b—4phh&nath¢ esntst o£6r ws hive tsarfile theavi ng t he
magnetic | ayer forned thereon 5 The X-ray diffraction results are shown in

FIG 4, and t t t istics
ﬁlagaézli%% gN&[ 00,5 a%tsb werffmrbRed, & h?ﬁreﬂ?cgﬂ% paatRERAMbRE,

are shown in I'n FI G 4 the fraction peak around 20, =

S B R S PSR S i
Cr is 34 6
10T by o RS Bk L R e BOTORE

is in the range of 42 to 64 (%. The peak is caused by the |rregul ar |ayer
lattice. As @ancrb@eslb@ﬂampmwfé}blr@suhmglm]an imegder lepmpdles phthher e a peak
appears around 20x = 40, a high coercivity (M) of 3500 (QCe) is obtained.
That is, the ihtenngijitatayhﬂ;aebnlbfayﬂrﬁnwy eithuespedt Bo teelt o vhie Bediféedotohe Cr to
an el enment having the fcc structure, and the coercivity is inproved by axis
symmet ry onl ystdtid fhdp@eivdtatae@tistits bRTthe eRctrddREABR charctfigticcwepadgigtifisaatxanmpl e

3) Simlar to Exanp es 1 and 2, a soft magnetic |layer was fornmed on a gl ass

substrate. nhs&wéa X vﬁ@ﬁsﬂigﬁbﬁfvc% aantieg o%%c},&falg&ﬁasg wtgcmth a

t hi ckness of 20 (ri in an At atnos ere at gas preéessure o

10 based alloy forming the magnetic recording Jayer of a sample having a coercivity that is
equal to or greater than 3000 (O¢). The results are shown in Table 2.
[0052]
As can be seen from Table 2, the intermediate layer using the irregular layer
lattice has better crystal orientation than Comparative Examples and easily controls the
15  diameters of the crystal particles of the Co alloy fonﬂng the magnetic recording layer.
(Exarnple 2 and Comparative Example 2)
 Similar to Example 1, a soft magnetic layer and an under layer were formed on a
glass substrate. Intermediate layers ware formed of Pt-Cr and Ir-Cr with a thickness of
20 (nm) (Examples 2-1 and 2-2). In the intermediate layers, the composition of Cr was
20  as follows: Pt-Cr:Cr =14, 24, 34, 44, 55, 65, and 75(%); and Ir-Cr:Cr = 42, 53, 64, and
| 70(%). As comparative examples, Pt, Cr, apd Ir films were formed, in a way similar to
Examples 2-1 and 2-2 (Comparative Examples 2-1 to 2-3). In addition, in a way similar
to Example 1, a magnetic recording layer and a C film were formed oﬁ thé intermediate
layer (Examples 2-1 and 2-2, and Comparative Examples 2-1 to 2-3).

25 [0053]



[ 0055] The internedi ate |ayers were nade of alloy materials of an el enent
having the fcc structure, Ta, and W such as Pt-Ta, Pd-Ta, Ir-Ta, Au-Ta,
Ni-Ta, Pt-W Pd-W Ir-W Au- W and Ni-W(Bganmples 3-1 to 3-10). In
addition, the internediate | ayers were made of 25 alloy materials of an

el ement having the fcc structure and Ti, such as Pt-Re, Pd-Re, Ir-Re, 26
Au-Re, and Ni-Re (Exanples 3-11 to 3-15). The internediate | ayers were
formed with a thilhk meslsnmcame(mm)oﬂ}hraarﬁmacmnmmaéomedtonahwmpﬁr essure of
0.6 (Pa), and the thicknesses of the internediate |ayers was further

i ncreased by HiGing f¥)inRimaiigakyarfoatadkered to bBsef¥og difffantidrajdake by thehe contents
of Ta, W and Re were also witten in order for 5 conparison with the case

i n which the lﬁ@@ﬁﬁnsﬁr faﬁﬁeegmggfog e K%r@meak.ﬁﬁé%pmﬂmo@@@td M Eashrs P! es,

i nternedi ate ers were loy materials of Pt, lr, Au, and Ni

Preng. P Ag P %gniéﬁﬂécﬁ%ﬂ%ﬁgf%%é By e &W%t@iaﬁed bl 23,
o donclkOEa el e SRR € Bttt BBt Lo

to 3-10). [0057] Then, a magnetic recordlahg | ayer made of Co-CT-Pt-Si Q2 and
a Cfilm sersmtm@mencahm@@mmsmshmm rd formed on the surface of each
of the sanples to manufacture 15 magnetic recordi ng nedia. The
si gnal -to-noi se r§005d] (SNR), the coercivity (Hc), and AO 50 of each of a Ta
alloy, a Walloy, a Ti alloy, a Ag alloy, and a Cu alloy of the

menuf act ured SanPASPINNGY fie AERBHIOA ool tuld 1D, RS akc 89 Wl 31 ipfarghovn | 1

Tables 4 to 8. [0058] 20 As can be seen from Tabl es when Ta, W or
Ti is added, Hﬁh fccAQuc%S}e h?ceﬁ{l}e%@éd%oﬁﬂﬁél@ﬁ%ﬁ%fﬁﬁ%}Qﬁeaﬁr' entation
of the magnetlc reco ayer slig y

10 appears around 20y = 40° when the content of Cr is in the range of 34 to 65 (%). As can
be seen from the right side of FIG. 4, a peak appears around 28, = 40° when the content
of Cr is in the range of 42 to 64 (%). The peak is caused by the irregular layer lattice. As
can be seen from Table 2, in the Cr composition where a peak appears around 20, = 40°,
a high coercivity (He) of 3500 (Oe) is obtained. That is, the irregular layer lattice occurs

15  due to the addition of Cr to an element having the fec structure, and the coexcivity is
unproved by axis symmetry only in the vertical direction.

' (Example 3 and Comparative Example 3)

Similar to Examples 1 and 2, a soft magnetic layer was formed on a glass

substrate. An under layer was made of Ni having the fec structure with a thickness of 5
20 (nm) in an Ar atmosphere at a gas pressure of 0.6 (Pa).

[0055]

The intermediate layers were made of alloy materials of an element having the fcc
structure, Ta, and W, such as Pt-Ta, Pd-Ta, Ir-Ta, Au-Ta, Ni-Ta, Pt-W, Pd-W, Ir-W, Au-
W, and Ni-W (Examples 3-1 to 3-10). In addition, the intermediate layers were made of

25  alloy matenials of an efement having the fce structure and Ti, such as Pt-Re, Pd-Re, Ir-Re,



deteriorates. However, the SNR and coercivity are significantly increased.

As can be seen from Tables 7 and 8, when Ag or Cu is added, the paraneters
of SNR, coercivity, and A0 50 hardly vary.,25 (Exanple 4 and Conparative
Exanple 4) 11 27 Simlar to Exanple 3, a soft nagnetic |ayer and an under

| ayer were fornmed on a glass substrate. Internediate |ayers were forned of
materials obtained by adding a total of 40%of C, M, and W which are
group- VI el enduRs, anddNifRe GEaamplas hrd¥itndy 1 8 I be dwermediatedayprewergiermed Wb t i on
was as follows: O = 40% M = 40% W= 40% C = 20%+ 5 M = 20% M = 20%
+ W= 20% aniicivess 23006 (hm) Gr arrAREffosyBere at agas pressxrampD 6 (Ba), artdhtke i nt er medi at e

| ayers were forned with a thickness of 10 (nm at gas pressures of 0.6

(Pa)/ 10 (Pa) &Eﬁ&pés%%ﬂﬂiﬂtgmdﬁr%}m&ﬁsﬁﬁﬂmﬁ@édw@b}e%ﬁbgﬁ% gé.vs\?;r@gmdi ate

| ayers were nade of materials obtained by adding Cr whi ch are

group- VI el engip F%Fgﬂf%s,&ig%%t@ﬁts%’r .C,’Eﬁh?\e%veﬁe %@%{[ﬁé%{c@‘%}p' es 4-1to

4-6). Simlar to anp nmagneti ayer an ctive | ayer were

formed on gach of .the internediate, layers t nuf gctyre a nmagnetic

recor di ng hediHRRDSETHE eFWe&H&Fh%CBWS?%ﬁFég’?W&mM%eti c recording nedi a,
in addition to the values of SNR, coercivity, and AA 50, the average

di aneter of parti dP@¥]was cal cul ated froma plan 15 view TEM i nage. The
signal -to-noise ratio (SNR), the coercivity (He), AO 50, and the average
particle dianeter Adcosgahtivd exainplds)inithaljate lages Rereahddeyof abioydmethealiof Bt | oy
was neasured, and the results are shown in Table 9. [0060] As can be seen

from Tabl e 9,p4 M, I&hearﬁMBﬁﬁﬁhfﬂcm&@thre%dAMhndm%avmgm ratigghche, sz Pt or
Pd, the measured val ues of the above paranmeters are greater than those in

t ggs s ﬁ”lp's es h;dtlp'emgc Bd- A, Mg, AR Wisk £ pREdERY.ER, IR, Ab-CuS VL&Y SHmiat the

10 thickness of 10 (nm) at gas pressures of 0.6 (Pa)/10 (Pa) by a rotation deposition method,
similar to Example 3 (Comparative Examples 3-1 to 3-10).

[0057]
Then, a magnetic recording layet made of Co-Cr-Pt-8i0; and a C film, serving as
a protective layer, were formed on the surface of each of tﬁe samples to manufacture

15 magnetic recording media. The signal-to-noise ratio (SNR), the coercivity (Hc), and AB
50 of each of a Ta alloy, a W alloy, a Ti alloy, a Ag alloy, and a Cu alloy of the
manufactured samples were measured, and the measured results are shown in Tables 4 to
8.

[0058]

20 As can be seen from Tables 4 to 6, when Ta, W, or Ti is added, the value of AB 50
is shightly increased, and the onentation of the magnetic recording layer slightly
deteriorates, However, the SNR and coercivity are significantly increased. As can be
seen from Tables 7 and 8, when Ag or Cu is added, the parameters of SNR, coercivity,

and A8 50 hardly vary.

25 (Example 4 and Comparative Example 4)

T uman



when the crystal orientation of the magnetic recording |ayer is good, the
dianeters of the crystal particles of the Ru alloy are small. It is

beli eved that, when C, M, and Ware add to Ru, the characteristics

t hereof deteriorate. 25 (Exanple 5 and Conparative Exanple 5) 3F % . 28
Simlar to Exanples 3 and 4, a soft nmagnetic |ayer and an under |ayer were
formed on a glass substrate, and internediate | ayers were nade of materials
obt ai ned by addi SgniMir thBExdnnpde 3rs BEGagneticdbyer endamhugieplapdr wite fominedoni 8 a
group-Vl elenent; to Pt and Pd having an fcc structure. In the case, the

amount s of Niglagsadmer RudMedige YayeR ek Sfohed oSkl oltginéXymidag adoand 4,

the internediate | ayers were forned with a thickness of 10 (rim at gas

pressur es 07 oy P/ o ol MR wii B AURLGS Vi elerd Bt oD and'Bd glicve

exanpl es, intéerne yers were mat erf al's obt ai ned” by addi ng 0%

20% and 40%of N +o0 Ru (Conparat}jye Exanp -1 - 3),na T REN imlar
to Exanpl es mﬁt}r%,ﬁ‘e g H’@Pi“@sﬁ%{t}’éf)wgﬁ _'a'h%?’ﬁ&?t‘*be/'é%{5;980"’\&&"20%’6'? nmed on
each of the internediate |ayers to 10_manufacture a magneti ¢ recordi ng

medi um | A& of¥er 20%. Meat 2k & Vire2Gagnd ™ © 2P%deimg “redimalar todxampledes of
SNR, coercivity, and AC 50 and the average di ameter of particles were

cal cul at ed. Theinwrmediste layersoveseformet with ¢ 8MRpesstofié0 (oe)at gas pryssideedf 0.0G 50,
and the average particle dianmeter of each of the Pt alloy, the Pd all oy,

and the Ru al(Poy ovesgERRAlEs £4 to 400). tACokfaakive extiiplaNigwimediatd figee wedd 10.
[ 0061] As can be se)gE from Tabl e 10, even when NI having the sane FCC

structure as L ] vary,
e PagAchSoBRA by A OF MELRL N i ool Rt o

and the characteristics are en Ni i s added

D0, ORI gl £1 R R gl po. ond
10 magnetic layer and a protective layer were formed on each of the intermediate jayers to
manufacture a magnetic recording medium.
[0059]
In order to evaluate the magnetic recording media, in addition to the values of
SNR, coercivity, and AB 50, the average diameter of particles was caleulated from a plan-
15  view TEM image. The signal-to-noise ratio (SNR), the coercivity (Hc), AS 50, and the
average particle diameter of each of the Pt alloy, the Pd alloy, and the Ru alloy was
meaéured, and the results are shown in Table 9.
{00607
As can be seen from Table 9, in the samples in which Cr, Mo, and W are added to
20 Ptor Pd, the measured values of the above parameters are greater than those in the
samples in which Cr, Mo, and W are added to Ru. It is believed that the reason is that,
when the crystal orientation of the magnetic recording layer is good, the diameters of the
crystal particles of the Ru alloy are smpall. It is believed that, when Cr, Mo, and W are

added 1o Ru, the characteristics thereof deteriorate. '

25  (Example 5 and Comparative Example 5)




(Exanpl e 6 and Conparative Exanple 6) Simlar to Exanples 1 to 3, a soft
magneti c | ayer and an under |ayer were forned on a glass substrate, and
internediate | ayers were nade of materials obtained by adding 40% of Wto
Pd having an fcc structure. The internediate R&yers were formed with a 25

t hi ckness of 10 (nm at a gas pressure of 0.6 (Pa) and Ru or Re filns were
formed wwth a 1, 29 thickness of 10 (nn) on the internediate layers in an

Ar gas atnosphere at_,a.ga ressure f 1 Pa) . (Exanmples 6:1, and 6-2). As
conparati ve exanpl es$m}‘ﬁ{é’r pgeisé Wﬁg’e"ﬁé’ e U“f%}"’ﬁ%ﬁdﬁ%‘ BRE th a

t hi ckness of 10 (n at a gas pressure of 0.6 (Pa) in éhe reverse order of
Exanpl e 4, and £Wed a9 pERes Ybstate, and isieraediate fyarsyeramadsof matonaly objgined by pd
having an FCC structure was forned with a thickness of 10 (nn) on each of
the internedi adddinglyehayingtand Cfagtrupressd3@¥off Wowlidh)s a gtourp ¥t demom, @Panpl es
6-1 and 6-2). Then, simlar to Exanples 3 to 5, a magnetic |ayer and a

protective | ayesnd¥el Ravir diefte Qctu@R dh tefcald) thel atioanwd Nabdield Mead 86,1 38%, and
manuf acture a magnetic recording nedium [0062) 10 In order to evaluate the

magnetic recor dyfg BhA1o F@&%{\g Ugs 40{hc§5\{§m§%{%?ef 16}eH @v)!relfoﬁ’zﬂﬁ ViR DficRids T he

average dianeter of particles re cafculated. The signal-to-noise ratio

SNR), th L VA A0 50 { ti Gl [ ter,. of h
o &1 ow gas. pb oL ab S5 of bk PR ChBRBsP B0t S s SERRRIE oy ¢
d, dth ul t h ' ble 11, 15.[0063]  As b
(7 om Tabi 11, GBI s AFRBESs Rdord ronaiels GRaneiip4EnE Oind Aomiaaow

the crystal orientation of the magnetic recording | ayer does not vary, as

conmpar ed to whef0%iof b teaRe (Gasnpieative Bxamplesoy-dae 5-6). Feenosimilmiio dxamplds Durdb .

Therefore, the dianmeter of crystal particles is increased, and the SNR is

| ower ed. 20 ( Examagretié Jayedadapatcaivegyewargibened)on each of the intermediate layers to
10 manufacture a magnetic recording medium.

In order to evaluate the magnetic recording media, the values of SNR, coercivity,
and AB 50 and the average diameter of particles were calcujated. The signal-to-noise
ratic (SNR), the coercivity (Fc), A8 50, and the avérage particle diameter of each of the
Pt alloy, the Pd alloy, and the Ru alloy were measured, and the results are shown in Table

15 10

[0061)

As can be seep from Table 10, even when Ni having the same FCC structure as Pt
or Pd is used, the‘ parameters, such as SNR, bardly vary, and the characteristics are
maintained. On the other hand, when Ni is added to Ru having a hep structure, the

20  crystal orientation deteriorates, and the SNR and the coercivity are Jowered.
(Example 6 and Comparative Example 6)

Similar to Examples 1 to 3, a soft magpetic layer and an under layer were formed

on a glass substrate, and intermediate layers were made of materials obtained by adding

40% of W to Pd baving an fec structure. The intermediate layers were formed with &'

25  thickness of 10 (nm) at a gas pressure of 0.6 (Pa) and Ru or Re films were formed with a

[ - -3 Y



Simlar to Exanples 3 to 6, a soft magnetic |ayer and an under |ayer were
formed on a glass substrate, and internediate | ayers were nade of materials
obt ai ned by adding 30% of Wand C, which gwe group-X Il elenents, or G,
which is a group-XlV elenent, to Pd having the fee structure. In this case,
the amounts of the elenments Were 0% 5% 25 and 10% The internedi ate |ayers
were formed with a thickness of 10 (nhm, at gas 30 pressures of 0.6 (Pa)/10
(Pa) (Exanpl dBickness ¢fd 0{um) on the intermsdiatet inXees 8,884 Igé%?‘m%lﬁle?r%&?%ﬁéssl”&yer s
were formed of materials obtained by adding 0% 5% and 10%of C, which is
a group- X111 of 118 Re) (Examplass;! e eh). iAs campamhpe sdawples gnisrmediate laperswieren t he
sane thickness as that in Exanples 7-1 to 7-6 (Conparative Exanples 7-1 to
7-6). Then, HoshadidfRu dr Remitrathiekneds 601 0Qnm avergiaeitdssuré ofy®6 (Ra)dh e pr ot ecti ve
| ayer were forned on each of the internediate |ayers to manufacture a

magnetic r ecggg&g&g}ﬁa@%@k E%nsﬂlgg,ﬁékﬁﬂlﬂ A8 B ad Q105 \(BlaHRY By LAGNFRGNRE W10

recordi ng nme e val ue coercivity,” and A6"50 and the average

di anet er qQf rticles cal cul d., The ,s8i | -} Or ok se reati o (SNR),

t he coer ci%vi ﬁ@%‘#@ﬁ,ﬁnﬁ}é%&“°%ﬁﬁ”ﬁsﬁ‘i§“§9e g’gaetﬂﬁglﬁ]%F 8#@ @l}}gﬁ@te%c?‘o ‘each of Pd-
WC, Pd-WGa, Pd-C, and Pd-Ga were neasured, and the results arge shown in
Table 12. [GB‘GB?C%R& YT B B28 BIFSTFOR P BRI ComPaafunE sE ks s added
to Pd, the characteristics of the magnetic recording nmedi um are not

i nproved. Whékheg similatdo Examples higde 8 magnatig lager aridee proigetedrist weredlereadn
particles are reduced, and SNR is inproved. (Exanple 8 and Conparative
Exanpl e 8) SieaatH aifthé mutermeadipte dayeid t¢ mamyfacnrs afmagretipretdrding sediurand an under

| ayer were formed on a glass substrate, and internedi ate |ayers were forned
of a material obtapgey by adding 40% of Wto Pd having an fcc structure
with a thickness of 15 (nm at a gas 20 pressure of 10 (Pa). Then, Pd40W

(run) on Phe | ntorheaay -t Hema RSt E men B atloh . Buat0RES ©f ©
and AB 50 and the average diameter of particles were calculated. The signal-to-noise
ratio (SNR), the coercivity (Hc), A8 50, and the average particle diameter of each of a
low-gas-pressure Pd-W sample end a high-gas-pressure Pd-W sample were measured,
and the results are shown in Table 11.
15 [0063]

As can be seen from Table 1 1, when films are formed in the order of Ruw/Pd40W
and Re/Pd40W, the crystal orientation of the magnetic recording layer does not vary, as
compared to when films are formed in the order of Pd40W/Ru and Pd40W/Re.
Therefore, the diameter of crystal particles is increased, and the SNR is lowered.

20  (Example 7 and Comparative Example 7)

Similar to Examples 3 to 6, a soft magnetic Jayer and an under layer were formed
on 2 glass substrate, and intermediate layers were made of materials obtained by adding
30% of W and C, which are group-XIII elements, or Ga, which is & group-XIV elerent,

to Pd having the fec structure. In this case, the amounts of the elements ‘were 0%, 5%,

25  and 10%. The intermediate layers were formed with a thickness of 10 (nm) at gas



(Pa) (Exanples 8-1 to 8-3). As conparative exanples, internediate | ayers
were formed of Ru with a thickness of 15 (nm at a gas pressure of 10 (Pa),
and Ru, Ru-5(Si®2), and Ru-10(Si®2) filmnms ywere formed with a thickness of 5
(nm)'on the internediate | ayers at a 25 gas pressure of 10 (Pa) (Conparative
Exanples 8-1 to 8-3). Then, sim'lar to Exanples 3 31 to 7, a magnetic |ayer
and a protective |ayer were on each of the |nterrred| at | ayers to
manuf act ur e PrEREERTeS &6 (Pé&’&)?&?aﬁéﬁweéﬁfl P(?O@G]Asqoﬁlpéﬁa@i%‘i'e’%aglp al uate the
magnetic recordi ng nedia, the values of SNR coercivity, 5 and AU 50 and
t he average dntwmeddéate byerpwetafotm@ ofiemagerists abtdineddy. adding 0%4, §Mahnd W¥mof€e ratio
(SNR), the coercivity (Hc), 40 50, and the average particle dianmeter of each

of Pd- W Pd- Wige e gasiph-1R0I dement] cHGaVhRh N %x'dﬁﬁ-&W%lHﬂlehb@oP@ﬁlﬂhﬂ&s&he shown
in Tabl e 13. [0067] As can be seen fromtable 13, when an oxide is added to

Pd4 he di
i rrp?ci\\l/ed eI tI I's ?@éﬂetd& Eﬁ&ﬁm éﬁ?g t(lpzrét(gg]lg éaﬁ&%g ?egslggtgrﬁ@at e%‘B from
deteri %%3‘“@%%&% Sl 8 gtefl iy ot 4 ookl e S romBd PR s

believed that this is because SiQ2 js not se regat d and. the crystal
particles of dhiheiperpetiate ey pomagiaqrure fanagh cor‘geg?@ da. [ Table 1] Sanpl e
Internmediate layer SNR ~ /M- He (Ce) A@50 (deg) Pt-SCr (ato/o) 10.55 1600
4.23 Exanple 1-1 [0064]

In order to evaluate the magpetic recording media, the values of SNR, coercivity,

and A8 50 and the average diameter of particles were calculated. The signal-to-noise
10 ratio (SNR), the coercivity (He), A8 50, and the average particle diameter of each of Pd-
W-C, Pd-W-Ga, Pd-C, and Pd-Ga were measured, and the results are shown in Table 12.

[0065]

As can be seen from Table 12, even when C or Ga is added to Pd, the
characteristics of the magnetic recording medium are not improved. When C or Ga is

15  added to Pd-W, the diameters of crjrstal particles are reduced, and SNR is improved.
(Example 8 and Comparative Example 8)

Similar to Examples 3 ta 7, a soft magnetic layer and an under layer were formed
on a glass substrate, and intermediate layers were formed of a material obtained by
adding 40% of W to Pd having an fcc structure with a thickness of 1§ (nm) at a gas

20  pressure of 10 (Pa). Then, Pd40W, Pd40W-5(Si0y), and Pd40W-10(810;) layers were
formed with a thickness of 5 (nm) on the intermediate layers at an Ar gas pressure of 10
(Pa) (Examples 8-1 to 8-3). As comparative examples, intermediate layers were formed
of Ru with a thickness of 15 (mn) at a gas pressure of 10 (Pa), and Ru, Ru-5(Si0,), and
f(uFIO(Sioz) films were formed with a thickness of 5 (nm) on the intermediate layers at a

25 gas pressure of 10 (Pa) (Comparative Examples 8-1 to 8-3). Then, similar to Examples 3
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Pt-60Cr (at/a) 16.73 3958 4.55 |r-5Cr (at% 11.22 1225 4.72 Exanple 1-2
lr-50Cr (ata/o) 16.53 3843 5.01 Pd-5Cr (at% 13.27 2061 4.50 Exanple 1-3
Pd-30Cr (at% 16.66 3994 4.67 Au-5C (at%i3{1.56 1339 4.66 Exanmple 1-4
Au-50Cr (ata/a) 16.49 3821 5.11 Conparative Exanple 1-1 Ru 16.44 3912 522
Conpar ative Zr 14 32 3379 8.54 Exanple 1-2 [0069] [TabI e 2] Sarrpl e
Internmediate la D aneter of Co crystal partlcles le 1-1 -60Cr
(at% 7.1 Exd én@grzenr: raysrind a(rapt?&tn@ layer perefpmeed 10nsea1ﬂuo te(r'apd)@tw 6

Exanple 1-4 Au-50Cr (ata/a) 7.3 Conparative Exanple 1-1 Ru 7.9 Conparative

Exanpl e 1.2 Zey9s b mific0ire 5mjagretic gec8idiiBmedium.
[0066]
In order to evaluate the magnetic recording media, the values of SN'R, coercivity,
5  and A8 50 and the average diameter of particles were calculated. The signal-to-noise
ratio (SNR), the coercivity (Hc), A8 50, and the average particle diameter of each of Pd-
W/Pd-W-oxide and Ruw/Ru-oxide were measured, and the results are shown in Table 13.
[0067)
As can be seen from table 13, when an oxide is added to Pd40W, the diameter of
10 crystal particles is decreased, and SNR is improved. It is believed that this is because
Si0; is segregated from Pd40W. Meanwhile, when an oxide is added to Ru, the crystal
orientation is deteriorated, and the SNR and coercivity of the medium are lowered, It is
believed that this is because S10 is not segregated and the crystal particles of Ru are not
aligned well.

15 [0068]

20

25

i



Sample Internediate |ayer He (Ce) Pt-14Cr (at% 1358 Pt-24Cr (at% 3625
Pt-34Cr(at% 3843 Exanple 2-1 Pt-44C at% 3967 Pt-55Cr(at% 4012 Pt-65Cr
(at9%9 3457 Pt-75Cr(at% 1824 1r-42Cr (at%p 3563 I1r-53Cr (at% 3799
Exanple 2-2 1r-64Cr (at% 3722 1r-70Cr (at%9 3405 1r-84Cr (at9% 2391
Conparative Exanple 2-1 Pt (at% 1224 Conparative Exanple 2-2 O 1325
Conparative Exanple 2-3 Ir (at% 889 [0071] 34 [Table 4] Sanple Ta (% SNR
(dB) He (0e) Co 4{)T3§@91(]) 0 12.6 2403 3.6 20 14.3 3788 3.8 Exanple 3-1:1k

40 15.7 432937960 1 4218 4.0 80 G a8 o. 1 0 1270 2334 3. 7] 20
15.1 4219 3.9 Sampie Intermediate layer (g Hc (Oe) AB 50 (deg)
Pt-5Cr (%) 10.55 1600 423
Example 1-1
P+-60Cr (at%a) 16.73 3958 4.55
Ir-5Cr (at%s) 11.22 1225 4.72
Example 1-2
Ir-50Cr (at%) 16.53 3843 5.01
Pd-5Cr (at%) 13.27 2061 4.50
Example 1-3
Pd-30Cr (at%) 16.66 3994 4.67
Au-5Cr (at'e) 11.56 1339 466
Example 1-4
Au-50Cr (at34) 16.49 3821 sn
Comparative '
Example 1-1 Ru 16.44 3912 522
Comparative
Example 1-2 Vs 14.32 3379 8.54
[0069]
[Table 2]
Sample Intermediate layer Diameter of Co crystal particles
{(om)
" Example 1-1 Pt-60Cr (at%) 7.1
Example 1-2 Tr-50Ct (at%) 6.9
Example 1-3 P4A-30Cr (at%) 7.6
Example 1-4 Au-50Cr {at%) 7.3
Comparative Example 1-3 Ru 798
Comparative Example 1-2 Zr 5.1
|
[0070]
5
L]
[
[Table 3]




Exanpl e 3-2:Pd 40 15.7 4309 3.9 60 14.6 4066 4,1 80 12.9 2801 5.5 0 12.2
2311 3.7 20 14.4 4055 3.9 Exanple 3-3:Ir 40 15.5 4264 4.0 60 14.2 3993 4.4
80 12.9 3007 5.8 0 11.2 2099 4.0 20 13.9 $698 4.2 Exanple 3-:Au 40 15.0
4117 4.4 60 14.5 3927 4.9 80 12.8 2884 6.0 O 11.4 2011 4.2 20 13.6 3598
4.3 Exanple 3-5:N 40 14.8 4012 4.5 60 13.0 3448 5.3 80 12.4 2698 6.4

[0072] 5 10 35 T[Table 5] Sanple (ro> SNR (dB) xc J(oe) Co ee so (I |0 13.1
2530 3.7 20[15.0 4058adpl8 Exanpl €| 3- dntemedigte laye15 4580 4. 0He (Oe)
Pt-14Cr (at%) 1358
B Pt-24Cr (at%) 3625
Pt-34Cr(at%) 3843
Example 2-] P1-44Cr at%) 3967
Pt-55Cr (at%) 4012
Pt-65Cr {at%) 3457
Pt-75Cr (at%) 1824
Ir-42Cr (at%) 3563
Tr-53Cr (at%) 3799
Example 2-2 Ir-64Cr (at%) | 3722
Ir-70Cr (at%) 3405
Ir-84Cr (at%4) 2361
Comparative Example 2-1 Pt (at%) 1224
Comparative Example 2-2 Cr 1325
Comparative Example 2-3 Ir (at%) 389

o7y :
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60 15.8 4450 4.0 80 13,8 3458 5.2 0 12.5 2490 3.7 20 16.7 4514 3.8
Exanpl e 3-7:Pd 40 16.5 4568 3.9 60 15.2 4249 4.1 80 13.5 2969 5.5 0 12.7
2422 3.7 20 15.6 4322 3.9 Exanple 3-8:1r 4@ 16.1 4457 4.1 60 15.5 4231 4.5
80 133 3333 6.0 0 11.6 2200 4.1 20 15.2 3865 4.4 Exanple 3-9:Au 40 15.5
4288 4.6 60 14.9 4109 4.9 80 13-4 3002 6.1 0 11.9 2109 4.2 20 14.2 3908
4.2 Exanple MOM 40 15.5 4229 4.4 60 14.9 3886 5.1 80 12.8 2239 6.0 [0073]
5 10 36 [Table biable4]

Sample Ta (%) SNR (4B) He (O¢) Co 48 50 (%)
il 0 12.6 2403 16
20 14.3 1788 38 |
Example 3-1:Pt 40 15.7 4329 3.9
60 152 4218 4.0
80 133 3287 5.1
0 12.0 2334 3.7
20 15.1 4219 3.9
Example 3-2:Pd 40 15.7 4309 3.9
60 14.6 4066 2]
80 12.9 2801 5.5
~ 0 122 2311 3.7
20 14.4 4055 3.9
Example 3-3:Fr 40 15.5 4264 4.0
60 14.2 3993 44
80 12.9 3007 58
0 112 2099 4.0
20 13.9 3698 42
Example 3-4:Au 40 15.0 4117 44
60 14.5 3527 4.9
80 12.8 2884 6.0
0 114 2011 42
20 13.6 3598 43
 Example 3-5:Ni 40 14.8 4012 45
60 13.0 3443 5.3
80 124 2698 6.4
[0072]

10




Sanple Re (% SNR (dB) He (Oe) Co 00 50 ( ) O 12.8 2449 3.7 20 15.8 4201
3.7 Exanple 3-11:Pt 40 16.0 4278 3.8 60 15.1 4091 4.0 80 11.8 1432 4.8 O
122 2287 3.7 20 16.1 4329 3.7 Exanple 3-12sPd 40 16.1 4356 3.9 60 15.4
4113 3.9 80 11.4 1278 4.5 0 12.2 2208 3.8 20 15.1 4055 3.9 Exanpl e
3.13:1r 40 15.9 4264 3.9 60 14.7 3993 4.1 80 10.9 1184 4.9 0 11.8 2107
4.0 20. 14.4 409364 0.Exanpl e 3-14: Au 40 15.6 4277 4.3 60 13.7 3651 4.3
80 11.5 1924 4.8 L#Bls 2219 4.1 20 14.1 3869 4.3 Exanple 3-15:Ni 40 15.6

4091 4.3 607132 d(&éﬂp]e'). 0O © Uwf{od.lt 5 M{&Bﬁ He (Oe) Co AB 50 (°)

0 KN 2530 3.7
20 15.0 4053 18
Example 3-6:Pt 40 16.5 4580 4.0
60 15.8 4450 40
80 13.8 3458 52
¢ 12.5 2450 37
20 16.7 4514 3.8
Example 3-7:Pd 40 16.5 4568 19
60 15.2 4249 41
80 13.5 2969 55
0 127 2472 37
20 15.6 4322 39
Example 3-8:Ir 40 16.1 4457 4.1
60 15.3 4231 45
30 133 3133 6.0
0 11.6 2200 4.1
20 152 3865 4.4
Example 3-9:Au 40 15.5 4288 4.6
60 14.9 4109 4.9
80 13.4 3002 6.1

0 11.9 2109 42
20 142 3908 42
Example 3-10:Ni 40 155 4229 4.4
60 14.9 3886 5.1
80 12.8 2239 6.0

[0073]

10




10 37 [Table 7) Sanple Ag (% SNR (dB) He (0Oe) Co Ae 50 () O 12.5
3.7 20 12.3 2297 3.8 Conparative Exanple 3-1: Pt 40 12.1 2256 3.9 60 11.8
2273 4.0 80 12.1 2341 3.8 0 12.3 2239 3.6 20 11.9 2098 3.9 Conparative

Exanpl e 3-2: Pd 40 11.8 2056 3.9 60 11.9 2154 4.1 80 12.0 2168 4.0 0 12.8
2511 3.6 20 11.9 2337 3.9 Conparative Exanple 3-3:1r 40 12.0 2218 4.0 60
12.4 2248 4.4 80 12.1 2148 4.1 0 11.6 2187 3.9 20 13.9 2231 42
Conpar ati ve Exanpllebg6d: Au 40 15.0 2048 4.4 60 14.5 2114 4.3 80 12.8 2194

4.0 0 11.5
2015 4.4

10

21074 %amp%eo 1376 NZCEeﬁ("?:) 2 CORAA ITI’E‘W_E %—0§ 5 N (o‘?()
0 12.8 2449 3.7
20 15.8 4201 37
Example 3-11:Pt 40 16.0 4278 18
60 15.1 409] 4.0
0 11.8 1432 48
0 12.2 2287 37
20 16.1 4329 3.7
Example 3-12:Pd 40 16.1 4356 39
60 154 4}13 3.9
80 114 1278 4.5
0 122 2208 38

20 15.1 4055 3.9 a
Example 3-13:Ir 40 159 4264 39
60 14.7 3993 41
80 10.9 1184 4.5
i 0 11.8 2107 49
20. 144 4093 40
Example 3-14:Au 40 15.6 4277 4.3
60 137 3651 43
80 115 1924 48
0 11.5 2219 4.
20 14.t 3869 4.3
Example 3-15:Ni 40 15.6 4091 43
60 13.2 3029 5.0
80 10.9 1165 5.1

2339

14.8

—



60 13.0 2045 4.4 80 12.4 2042 4.1 [0074) 5 10 38 [Table 8] Sanple Cu (%
SNR (dB) He (0e) Co AO50 () O 12.5 2344 3.7 20 12.3 2287 3.9 Conparative
Exanpl e 3-6:Pt 40 12.1 2145 4.1 60 11.8 2286 4.1 80 12.1 2165 3.8 0 12.0
2274 3.6 20 11.6 2147 4.0 Conparative Exanple 3-7:Pd 40 11.8 2189 4.1 60
11.3 2103 4.2 80 12.3 2195 4.0 0 12.5 2414 3.7 20 11.7 2234 3.8

Conpar ative Exanple 3-8.1r 40 12.3 2187 40 60 11.5 2149 4.2 80 11.9 2198
4.1 0 11.3 2105 3[®blel 11.6 2242 3.9 Conparative Exanple 3-9: Au 40 11.6

2134 4.0 60 [17272005 4,3 g (%) SNR (dB) He (O¢) Co 88 50 (%)

0 12.5 2339 3.7

20 123 2297 3.8

Comparative Example 3-1:Pt 40 12.1 2256 3.9

60 1.8 22713 4.0

80 12.1 2341 3.8

0 12.3 2239 36

20 119 2058 39

Comparative Example 3-2:Pd 40 11.8 2056 39

60 11.9 2154 4.1

80 12.0 2168 4.0

0 12.8 2511 3.6

20 119 2337 39

Comparative Example 3-3:r | 40 12.0 2218 40

60 12.4 2243 44

80 12.] 2148 4]

0 11.6 2187 3.9

20 139 2231 42

Comparative Example 3-4:Au 40 15.0 2048 44

60 14.5 2114 4.3

k 80 12.8 2194 4.0

0 11.5 2107 42

20 13.6 2201 4.2

Comparative Example 3-5:Nj 40 14.8 2015 4.4

60 13.0 2045 4.4

80 124 2042 4]

[0074]
5
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80 11.9 2056 3.9 0 11.9 2204 4.1 20 11.3 2145 4.2 Conparative Exanple
3-10:Ni 40 11.5 2142 4.6 60 12.0 2119 4.4 80 12.1 2025 4.0 [0075] 5 10
isf 39 [Table 9] Sanple Conposition SNR (dB) He (0e) Average di aneter of
particles Co AO50() (run) Exanple 4-1 Pt40Cr 16.4 4546 7.0 3.7 Exanple
4-2 Pt40Wb 16.3 4589 6.7 - 3.8 Exanple 4-3 Pt40WN 16.4 4536 6.7 318 Exanple
4-4 Pt20Cr20Mb 16 4686938 Exanpl'e 4-5 Pt 20vb20W 16. 6 4501 6.6 3.9

Exanp|e46Pt2 6.5 4523 6.7 3.7 Exarrple47Pd4OCr 16.0 4672 6.8
3.6 Exanple POZE ) 1G. 2 Z8C§>(a,§ 3 bS@ e 4{;-,?045’04 4R H(%>08 6.6
3.8 Exanple 4 10 Pdt20Cr-20vb—3 rroimél .?Bg. QEME AT IT PRZOMO20N 16. 7
4588 6.6 3.7| Exanple 4-12 Pd20 2 ——4651
T 787 3.9
Comparative Example 3-6:Pt .40 12.1 2145 4.1
60 11.8 2200 4.1
80 12.1 2165 38
0 12.0 2274 3.6 |
20 11.6 2147 4.0
Comparative Example 3-7:Pd 40 11.8 2189 4.1
60 11.3 2103 42
80 123 2195 4.0
0 12.5 2414 3.7
| 20 11.7 2234 38
Comparative Example 3-8:Ir 40 12.3 2187 40
60 11.5 2149 42
80 11.9 2198 4.1
0 113 2105 38
20 11.6 2242 3.9
Comparative Example 3-9:Au 40 11.6 2134 4.0
60 11.2 2005 4.3
80 11.9 2056 3.9
Y 11.9 2204 . 4]
20 11.3 2145 4.2
Comparative Example 3-10:Ni 40 11.5 2142 4.6
60 12.0 2119 4.4
80 12.1 2025 4.0

[0075]

10

—— .
; i an s T



Conpar ati ve Exanple 4-1 Ru4OCr 15.0 4678 7,7 4.1 Conparative Exanple 4-2
Ru4Ovb 14.7 4024 7.3 4.7 Conparative Exanple 4-3 Ru40W 14,3 4099 7.2 5.0
Conpar ati ve Exanple 4-4 Ru20C20OMb 14.5 42193¢.5 4.7 Conparative Exanple 4-5
Ru20vb20W 14.4 3981 7.3 4,9 Conparative Exanple 4.6 Ru2ONR0Cr 14.6 4125 7.6
4.3 [0076] [Table 10] Sanpl e Conposition SNR (dB) He (0Oc) Average di aneter
of Co 00 50(1 Particles (run Exanple5-1 Pr30OW 16.3 4635 6.6 3.6 Exanples-2
Pt 1ONi 30W 16. 5 45474e8] 3.5 Exanple 5-3 Pt 20N 30N 16.4 4578 6.7 3.7

Exanpl e 54 Pq3OWT6-7 4541166 3 Exanpie 575 TRel CI.3ey 0. 0 4592°6.8 3.6
Exanpl e 5.6 Ad2ONi 30w 16. 7| 4996, |75N8.(&) Cofp@iat|i vambanpl ¢ 5°1¥ORY) 15 5 4562
7.4 3.4 Conp "= PR0 UT GO 13, 548906 8.4, 5 [Conpayarivie
Exanpl e 5-3 R 3 4.11._0 A48 —+9—8—164 771 Hfabte 7*:1] Corposition
Average di amBter ¥PELAn| of (BRI plSignG ¢ He (O3 artilcles>ttun) Co 00
50() Exanpl e_6- PPgadiv Ru| 1740Y 456916 513 3 anpl €76-2 Pd40WRe 16/ 8 4348
6.5 3.8 Conpalr at iBvepkExanpl ePBCERMA/ PasBON 164688 4671 63.93. 7 |Conpasati vie
Exanpl e 6-2 Re/ Pe:A@W46. 1 phadtRrobwd. 8166 4501 66 3.9
Example 4-6 PROW20Cr 16.5 4523 6.7 3.7
Example 4-7 Pd40Cr 16.0 4672 6.8 36
Example 4-8 Pd40Mo 16.2 4628 6.8 3.6
Exarcple 4-9 PA4OW 16.6 4508 6.6 3.8
Example 4-10 Pd20Cr20Mo | 162 4621 6.7 3.5
Example 4-11 Pd20Mo20W | 167 4588 6.6 37
Example 4-12 Pd20W20Cr | 16.7 4651 66 3.7
Comparative Example 4-1|  Ru40Cr 15.0 4678 7.7 4.1
| Comparative Example 42| Rud0Mo 147 4024 73 4.7
Comparative Exampie 4-3|  Rud0W 143 4099 7.2 5.0
Comparative Example 4-4 | Ru20Cr20Mo 14.5 4219 7.5 4.7
Comparative Example 4-5 | Ru20Mo20W 14.4 3981 13 4.9
Comparative Example 4-6 | Ru20W20Cr 146 4125 7.6 4.3
[0076)
[Table 10]
Sample Composition | SNR (dB) | He (Oc) A":’;fi"c ;‘e‘:‘(“nf;’ ofl  ¢oa0 5009
Example 5-1 PE3OW 163 4635 6.6 36
Example 5-2 Pr1ONi30W 165 452} 66 35
Example 5-3 PL2ONi30W 164 4578 6.7 3.7
Example 5-4 PA3OW 16.7 4541 6.6 35
B Example 5-5 PA10Ni30W 16.6 4592 6.8 16
Example 5-6 PA20Ni3OW 16.7 4490 6.7 36
Comparative Example 5-1 Ru 15.5 4562 7.4 34
Comparative Example 5-2|  Rul 0Nj 13.2 3906 2.4 4.5
Comparative Example 5-3|  Ru20Ni 118 3481 8.7 5.8
[0077]
[Table 11]
Sample ?gﬁf;)gi;i:)n SNR(dB) | Hc{Oe) Ai;l:f;cf; :Tn:;‘;r of Co 48 50(™)
Example 6-1 Pd40W/Ru 17.0 4569 6.5 3.7
, Example 6-2 Pd40W/Re 16.8 4348 6.5 KR
| Comparative Example 6-1| RWPd4OW | 164 471 69 3.7
Comparative Example 6-2 [ Re/Pd40W 16.1 472 7 a8



=A AL 40 [0078] [Table 12] Sanple Conposition SNR (dB) He (0Oe) Average

di aneter of Co Al 50() articles (nm Exanple 7-1 Pd30OW 16.4 4527 6.5 3.7
Exanple 7-2 Pd30OWC 16.4 4501 6.4 3.8 Exanyple 7-3 Fd30W GC 16-6 4437 6.3
3.8 Exanple 7-4 Pd30OW 16.2 4589 6.6 3.6 Exanple 7-5 Pd30WBGa 16.5 4431 6.5
3.7 Exanple 7-6 Pd3OWOGa 16.2 4348 6.5 3.9 Conparative Exanple 7-1 Pd 12.4
2547 6.5 3.7 CO”P@%Q]&' ve Exanple 7-2 Pd5C 11.5 2163 6.5 4 Conparative
Exanpl e 7-3 Pd10OCLt1?1 2116 6.8 4.6 Conparative Exanple 74 Pd 12.6 2452 6.5
3.6 Comparative Exanple 7-5 Pd5Ge 11.8 2019 6.7 4.2 Conparative Exanple
7-6 Pd10Ga 11.2 186Wlell2] 4.9 [0079] [Table 13] Conposition SNR Average

di aneter of CoAS—Sampie G- ) aB (COE) T RRd= GhheRsof T UT] Exanpl e
8-1 Pd4OW PdAOW 185m 4562 |¢-oBpostion SE&Q HH0Y” poseilRadOy 1824102 6. 6
3.9 5(Si Exanpl eedne3-1IPdAQV ReAON 1646 B426:76. 5 4. 0651 SiP Comgrar atijve
Exanpl e 8-1 RURE 1375 45 2phodhc3| O 164 4301 6.4 3.8
Example 7-3 PdIOW10C 16.6 4437 "~ 63 3.8
Exarple 7-4 PAIOW 16.2 4529 6.6 36
Example 7-5 Pd30W5Ga 16.5 4431 6.5 37
Example 7-6 P430W10Ga 162 4348 6.3 ERY
Comparative Example 7-1 Pd 124 2547 6.3 17
Comparative Example 7-2 PdsC 115 2163 6.5 4
Comparative Example 7-3 Pd10C 111 2116 6.8 4.8
Comparatjve Example 7-4 Bd 12.6 2452 6.5 3.6
Comparative Example 7-3 Pd5Ga 118 2019 6.7 4.2
Comparative Example 7-61  Pd10Ga 11.2 1945 7.1 49
[0079]
[Table 13]
Compasition Average diameter of
SamPle (06/10 Pa) SNR (dB} He (08) pamclcs (l'lIIl} Co A6 50(0)
Example §-1 Pd40W/Pd40W 162 4562 6.8 9
Pd40W/Pd4QW-
Exampie 8.2 5(Si0,) 16.7 4492 6.6 .5
Pd40W/Pd40W- , -
Example 8-3 10(Si0,) 16.6 4426 6.3 4.0
Comparative Example 8-1 Ru/Ru 15.5 4512 74 35
Comparative Example 8-2 | Ruw/Ru-5(Si0;) 15.1 4352 1.7 R
Comparative Example §-3 |Ru/Ru-10(Si0,)| 144 4092 7.9 4.1
5
INDUSTRIAL APPLICABILITY
[0080]

The present invention can be applied to a magnetic recording medium, a method
of manufacturing the same, and a recording/reproducing apparatus using the magnetic

10 recording medium.



Conparative Exanple 8-2 Ru/Ru-5(Si Ox) 15.1 4252 7,7 3.8 Conparative Exanple
8-3 RulRu-1D(S102) 14.4 4092 7.9 4.1 5 |INDUSTRI AL APPLI CABILITY [0080] The
present invention can be applied to a nmagnetlic recordi ng nedium a nethod

of manufacturing the sane, and a recordi ng/reproduci ng apparatus using the
magnetic 10 recording nedium 1 1 41 CLAIMS 1. A perpendicul ar magnetic
recordi ng nmedi um conprising: a non- mgﬁit' c Substrate; and 5 at | east an
soft magnetic |ayer, an under |ayer, ami*f rmedi ate | ayer, and a

per pendi cul ar magnetic recording filmthat are fornmed on the non-magnetic
substrate, wherein at |east one |layer of the internediate |ayer is nade of
an alloy material of at |east one el enent selected froman el enent group
havi ng an fcc structApependivuihmagnetic rétaiding gtiwdicemprisiand an el enent
selected froman el ement group having a bcc structure, 10 and has both a

crystal structure zhayingméilldbsrfitd: @iy ation and an irregular layer lattice
(stacking fault) caused by a m xture of the fcc structure and the bcc

structurec 2. ADp i I i i.ng ned iSf{ng: a

non- magnetsi C subs?ﬁ%%%gﬁgiﬁ?%%%gﬁﬁpég rt&rrlaggegrgﬁﬁctg? ylrélfu,?d gn under

| ayer, an internedi ate |ayer, and per pendi cul ar, magneti c..recording film
that are for FEEPH Cﬁﬁ%m?%%tlﬁ%m%l@dﬁ%ﬁe%@éé M?’éq%r‘fnﬁﬁne}”é UHhe | ayer
of the internediate |ayer is made of an alloy naterial of at |east one

el ement sel ect ed fwhereimat leaseonsieyey plthpintemiediate Jayer sanade plias dloy maggriakefl i s a
mai n ingredient, and an el enent selected froman el ement group having an hcp
structure,  atleast one element selected from an element group having an fcc structure, which is a

main ingredient, and an element selected from an element group having a bee structure,
10 and has both a crystal structure having (111) orientation and an iregular layer lattice

(stacking fault) caused by a mixture of the fee structure and the bec structure.

2. A perpendicular magnetic recording medium comprising:
a non-magnetic substrate; and
15 at least an soft magnetic layer, an under layer, an intermediate layer, and a
perpendicular magnetic recording film that are formed on the non-magnetic substrate,
wherein at least one layer of the intermediate layer is made of an alloy material of
at least one element selected from an element group having an fee structure, which is a
main ingredient, and an element selected from an element group having an hep structure,
20 and has both a crystal structure having (111) orientation and an irregular layer lattice

(stacking fault) cansed by a mixture of the fce structure and the hep structure.

3. The perpendicular magnetic recording medium according to claim 1,
wherein the at least one layet of the intermediate layer is made of an alloy .

25  material of an alloy, which includes as 2 main ingredient at least one of P, Ir, Pd, Au, Ni,



20 and has both a crystal structure having (111) orientation and an
irregular layer lattice (stacking fault) caused by a m xture of the fcc
structure and the hep structure. 3. The pegpendi cul ar magnetic recordi ng
medi um according to claim1l, wherein the at |east one |ayef of the

i nternedi ate Iayer is made of an alloy 25 material of an aIon, whi ch

i ncl udes as redi ent at |east .one of Pd, Au, 42 Al ,
Ag. Gu. Rh. PO AdnGuch SR %n‘iéla$§18f“s°t$@&1il{ﬁ bid et SECRACHCAA ch | s
sel ect ed from a group conposed of Fe, Mo, and Ta and has the bcc

structure. 4.frome goeupramgosdicdFefigHeW, Mcr,é%be%iﬂIkﬁg}laﬁﬂmhﬁﬁﬁWFdl ng to claim
2, 5 wherein the at |east one layer of the internediate |layer is made of an
alloy material of an all oy, vvhi ch includes as a main ingredient at |east

one of Pt, It, Pd, An, N, , Ag, Cu, Rh, Pb, and Co and has the fcc
structure, and an &I enHY@\hlﬁﬂnﬁ BEIEGHRY mddnRih@oMPUR ch@Rosed of Y,
My, Zn, 14f, Re, and and has he hop structure. 10 S. The perpend| cul ar

magneti c rgcordin I wher ei n,

in the at feast Oﬁgﬁ%%@??agf%@ﬁgkﬁggrto%@% ﬁﬂ@*ﬂéla&kﬁ% d%éfrf#oafn%%e contents
of the el enents havin f¢ cturejsmthe 0 % t

at% 15 6. ThE? Eaﬁgﬁglﬂ-@ W%&hﬁ#???@@’&r‘?ﬁrﬁ@emﬁ Q%Pt%ﬂp’r@t’ y one
of claims 1 and 3 to 5, wherein the at |east one | ayer of t he |nterned| ate
layer is madeAbiAgaChaRlrfbatnd Gpandibasthe fige sefiregans an nt, gyhacheds s¢legie

selected fromgroup-XIll elenments (B, Al, Ga, In, and Ti) or group- XIV

el enents (C, Som a@eourSrompassd oY), Mgy ZajHEReoDs awitRar drdlhapthedicp kteastre.one 20

el enent selected fromthe el enent group having the fcc structure, which is

the main ingredient, and an el ement selected fromthe el enment group having
the bcc structure, and the sum of the contents of the non-transition netal

elements jg in th rﬂg:%“e difulathdfneflc RPo@inEmed & LREORE SFl Ak

magneti c recordi ngs |u?#gccolﬁﬁ%lng t% a(ny go“é gltlg?:cca%a?rﬂsg%aﬂf )
1to4,

wherein, in the at Jeast one layer of the intermediate layer, the sum of the contents

of the elements having the fcc structure is in the range of 20 at% to 95 at%.

15 6. The perpendicular magnetic recording medium according to any one of claims
land3to 5,
wherein the at least one Jayer of the intermediate layer is made of a material
obtained by adding at least one element selected from group-XIII elements (B, Al, Ga, In,
and T1) or group-XIV elements (C, Si, Ge, Sn, and Pb) to an alloy material of at least one
20 element selected from the element group having the fee structure, which is the main
ingredient, and an element selected from the element group having the bee structure, and
the sum of the contents of the non-transition metal elements is in the range of ¢
at% to 30 at%.

+

25 7. The perpendicular magnetic recording medium according to any one of claims



43 2to5, wherein the at | east one |layer of the internediate |ayer is nade
of a material obtained by adding at | east one el enent selected from
group-Xi Il elenents (B, Al, Ga, In, and Tl}3or group-XV elenments (C, Si,
Ge, Sn, and Pb) to an alloy nmaterial of at |east one 5 el enent selected from
t he el ement group having the-fcc structure, which is the nmain ingredient,
and an el enent selected fromthe el enent group having the hcp structure, and
the sum of thé!&dntents of the non-transition metal elements is in the range
of 0 at%to 30 at% 10 8. The perpendi cul ar magnetic recordi ng medi um
according to any owkereifi thelahleass ong kayer3ials interroedidte layeids awde ebamatend | ayer of
the internediate |ayer is nade of a material obtained by adding O to 15 at%

of a Si, Ti, 6¥tainddby MNding\tt ledst,onkiklemetit seleced iidt grourpRIlakleynts (B AL Gallnof at
| east one el enent selected fromthe el ement group having the fcc structure,

15 which is thB{(ggb@gw&ﬁﬂkm g@,csia@e,gh,eﬁﬁm &PAnCAb that driadfi AR Raflogerent

group having the b ructure. The "per pendi cul ar fragnetic recording

medi um accgrdj;ng.t.o a e.of .cl ai . 0 el n: 1 he east one
| ayer of the %15@5 tr?%la‘ll"%} ﬁ&f’ eecrleql%]lt %083%%‘%18%&1% eSrLt)i(yg@e’ gg{c%il;lsntg%}%%? adding O
to 15 at%of a Si, Ti,, Cr, Ta, Nb, Zr, , or Fe oxid o an allo
material of alt8redisat aggdan @?@?Péﬁ?le§?ﬂvé%§3 CF”W@II‘?BP bpvangd Fhﬁ}%ﬂﬁ%ﬁ%g t he
fcc structure, which is the main ingredient, and an el enent sel ected from
the el ement group thasimgf thieontempofdhs nurigansition Hetad elements jvia theappgertdOcul ar
magneti c recordi ng nedi um according to any one of clainms | to 9,

at% to 30 at.

10 8. The perpendicular magnetic recording medium according to any one of claims
1and 3 to6,
wherein the at least one layer of the intermediate layer is made of a material
obtained by adding 0 to 15 at% of a 8i, Tj, Cr, Ta, Nb, W, Zr, Hf, or Fe oxide to an alloy
material of at least one element selected from the element group having the fec structure,
15  which is the main ingredient, and an element selected from the element group having the

bee structure,

9. The perpendicular magnetic recording medium according to any one of claims
2107,

20 wherein the at least one layer of the intermediate layer is made of a materia)
obtained by adding 0 to 15 at% of a Si, Ti, Cr, Ta, Nb, W, Zr, Hf, or Fe oxide to an alloy
material of at least one element selected from the element group having the fec structure,
which is the main ingredient, and an element selected from the element group having the
hep structure. '

25




wherein the dianeter of particles of the internediate layer is in the range
of 3 M to 10 nm 5 11. The perpendi cul ar nmagnetic recordi ng nedi um
according to any one of <clains 1 to 10, wherein the thickness of the
intermediate. layer is in the range of I run to 50 nm 10 12. The

per pendi cul ar magnetic recordi ng medi um accor di ng to any one of clains 1 to

11, wherein a soft rrg.ﬂnetlc filmof the s({ netlc ‘Iia er has ag anor phous
structure. 15 13. PhdPHEFBEWIHA, FaEnsis SFaF "(1,3?18 B?’(ﬂcﬁ‘ﬁl & HORELHr di ng to

any one of <clains | to 12, wherein an anorphous under |ayer that has an fcc
(111) cryst al¢l@mando&nd is made of a hexagonal covalent material is

provi ded between the soft magnetic |layer and the internediate |ayer. 20 14.
The perpendi cul ar wierpirethis diaceteo ofpartclesefitimmtecnodiate tayet is irathy ramge oHF nmcl ai ns
1 to 13, wherein the at |east one layer of the internediate |ayer is made of
an alloy matignpal. of at | east one el enent selected fromthe el ement group
having the fcc structure, 25 which is the main ingredient, and an el enent
sel ected fqomthe el enent group having the 45 bcc structure, and Ru, Re, a
Ru alloy, or a Re alloy havi ng t he hep (hexagonal cl ose-packed) structure

is aligned with a (0 an ont er medi | aye 15. The
per pendi cul ar nlgt %EP k@g}?ﬁ%ﬁ%\ﬁﬁ?‘:& cﬁ}gmta&co(,; b%@g'&neo laims Ito
13,

claims 1 to 10,

wherein the thickness of the intermediate layer is in the range of 1 nm to 50 nm.

10 12. The perpendicular magnetic recording medium according to any one of
claims 1 to 11,
wherein a soft magpetic film of the soft magnetic layer has an amorphous

structure.

15 13. The perpendicular magnetic recording medium according to any one of
claims 1 to 12,
wherein an amorphous under layer that has an fec (111) erystal plane and is made
of a hexagonal covalem. material is provided between the soft magnetic layer and the
intermediate layer.
20
14. The perpendicular magpetic recording medium according to any one of
claims 1 to 13,
wherein the at least one layer of the intermediate layer is made of an alloy
material of at Jeast one element selected from the elemeht group having the fce structure,

25 .. which is the main ingredient, and an element selected from the element group having the



wherein the at | east one |layer of the internediate |layer is nmade of an all oy
material of at |east one elenent selected fromthe el enent group having the
fcc structure, which is the main ingrediegd, and an el enment selected from
the el ement group having the 10 hcp structure, and Ru, Re, Ru alloy, or Re
al l oy having the hcp (hexagonal close-packed) structure is aligned wth a
(002) crystabﬁcpl ane on the internmedi ate | ayer. 16. The perpendi cul ar
magneti ¢ recHCdH ﬁ’e%ﬁum according to any one of 15 clains Ito 7, wherein
at | east one Iayer of the rpendi cul ar magnetic recording filmis a

magneti c oxi de fiRuReraRBu Iagwl ent Be afloytsvingdheerpi(hexagonal dloserprskesr pendi cul ar
magneti c recordi ng nmedium according to any one of 20 clains 1 to 16,
wherein the atucthesstligied WikyS00Dfcrises plané e e ditakedlasyleyeri s made of an al | oy
material of C and an elenent having the fcc structure, and the content of
Cr isinthe range of 10 at%to 90 at% 25 18. The per pendi cul ar magnetic
recordi ng nmedi um according to any one of =21 "A 46 clains 1 to 16,

il oy e or al | GndteREreRiTsMashiR R RRAb e MR S BRI, 05 o

5 19. The pe %mnaﬁ llié‘l magneti c recordi ng nmedi um accordi ng to any one of
claims 1 to 9 n the at | east one layer of the internediate |ayer is

made of an Ir-Cr alloy material, and
wherein the at least one layer of the intermediate layer is made of an alloy

material of at least one element selected from the element group having the fec structure,
which is the main ingredient, and an element selected from the element group having the
10 hep structure, and
Ru, Re, Ru alloy, or Re alloy having the hep (hexagonal close-packed) structure

is aligned with a (002) crystal plane on the intermediate layer.

16. The perpendicular magnetic recording medium according to any one of
15 claims ] to 7,
whetein at least one layer of the perpendicular magnetic recording film is a

magnetic oxide film or a laminate of Co and Pd films.

17. The perpendicular magnetic recording medium according to any one of
20 claims 1to 16,
wherein the at Jeast one layer of the intcrmediaté layer is made of an alloy
material of Cr and an element having the fee structure, and
the content of Cr is in the range of 10 at% to 90 at%.

L]

25 18. The perpendicular magnetic recording medium according to any one of



10 the content of C is in the range of 20 at%to 80 at% 20. The

per pendi cul ar magnetic recordi ng nmedi um according to any one of clains 1 to
16, wherein the at |east one |ayer of the Maternediate layer is nmade of a
Pd-Cr alloy 15 material, and the content of C is in the range of 10 at%to
60 at% 21. The perpendi cul ar magnetic recordi ng nedi um according to any one
of clains 1 to 16 0O wherein the at | east one |ayer of the internediate

| ayer is mad&agRs LioA®: or alloy material, and the content of Cr is in the
range of 10 at%to 70 at% 22. The perpendicul ar magnetic recordi ng nmedi um
accordi ng to any Wwhereisfthe stdeas epedayer efghe termediaigfiayeris madp af aPt-Ceallay one

| ayer of the internediate |ayer is nade of an alloy material of 20 at%to 90
at % of Pt anghamtial,emdbt one el ement selected froma transition netal el enent
group including Ti, V, C, Fe, Zr, Nb, Mo, Ru, H, Ta, W Re, and Gs- 5 23.

The per pendi cul ar thgrenestiof CF BGA Mtk FEWS 9 RCBAkWI Ng to any one of clains
1 to 16, wherein the at | east one |layer of the internediate |ayer is nade of

an alloy cmaterial of 20 at%to 90 at% of Pd and at | east one el enent
selected froma transition netal elenment group including Ti, Cr, Fe, Zr,

Vv,
Nb, Mo, Ru, Hf, T Re nd Gs. 10 24.. The .perpendicul ar nagnetic
recordi ng medi um g%cﬁxecﬁcﬁtfn%&ma@ﬁﬁc gford@gﬂﬁggquﬁcgr%ﬁom%%ﬁgﬁet he at
| east one layer of the internediate layer is made of an alloy material of
20 at% to 90¢@imsbto 16 and at |east one elenment selected froma transition

wherein the at least one layer of the intermediate layer is made of an Ir-Cr alloy
material, and

10 the content of Cr is in the range of 20 at% to 80 at%.

20. The perpendicular_maguetic recording medium according to any one of
claims 1 to 16,
wherein the at least one Jayer of the intermediate layer is made of a Pd-Cr alloy
15 material, and

the content of Cr is in the range of 10 at% to 60 at%.

21. The perpendicular magnetic recording medium according to any one of
claims 1 to 16,
20 wherein the at least one layer of the intenmediate layer is made of a Au-Cr allay
material, and

the content of Cr is in the range of 10 at% to 70 at%.

22. The perpendicular magnetic recording medium according to any one of '

25  claims 110 16,




15 netal elenent group including Ti, V, C, Fe, Zr, Nb, My, Ru, HE Ta, W
Re, and Gs. 25. The perpendi cul ar magnetic recordi ng nmedi um accordi ng to any
one of clains 1 to 16, wherein the at | easgyyone layer of the internediate

| ayer is made of an alloy 20 material of 25 at%to 85 at% of Au and at | east
one element selected froma transition netal elenment group including Ti, V,
C, Fe, Zr, Nb, M, Ru, Hf, Ta, Re, and GCs.. 26. The Qerfga%nagi cul ar
magnetic recordi ngW}P?éﬂilmﬁaé@é%PWVY‘f@jeft‘lgﬂlfd?mH%@%?lab,’F’dFWé § elAn@s0Y 4 25
wherein the at | east one |layer of the internediate |layer is nmade of an, all oy
| 48 mat eri atnatefial3d 2089 tod 038 af D axfd atleasiroge slementsslecisd &oal 2mamitiosel ect ed
froma transition netal elenent group including Ti, V, C, Fe, Zr, Nb, M,

Ru, Hf, Ta, VihetrPelerdeifl gfdup indTuding TIEVNOM FefZrnHbUVa Ry HTe, 3V (e, ped0i.cul ar
magneti c recording medium 5 including at |east an soft magnetic |ayer, an
under layer, an internediate |ayer, and a perpendicular nmagnetic recordi ng
filmthat are forned on a non-magnetic substrate, the mnethod conprising:

addi ng an gl enment Jiavi.ng a bge.structure or. h structure to el enent
havi ng a fee str uiét \J:}xg%gragx'ﬁgu}'aégna%eqCégcsqr&lgggmﬁigl%arcc rﬁmﬁﬁ%aglyn?n%& di ate
| ayer forma crystal structure 10 having an irregular |ayer lattice
(st acking fautlEmsdi®edd | 11) orientation. 28. A magnetic
recordi ng/ reproduci ng apparatus conprising: the nagnetic recording medi um
according to any owkergh thelahlenst ohe laperad thednwrmpediaieylager is madaef antelloy r ecor ds or
reproduces information on or fromthe magnetic 15 recording nmedi um
material of 20 at% to 90 at% of Pd and at least one element selected from & transition
metal element group including Ti, V, Cr, Fe, Zr, Nb, Mo, Ru, Hf, Ta, W, Re, and Os.
10
24. The perpendicular magnetic recording medium according to any one of
claims 1 to 16,
wherein the at least one layer of the intermediate layer is made of an alloy

material of 20 at% to 90 at% of Ir and at least one element selected from a transition

15 metal element group including Ti, V, Cr, Fe, Zr, Nb, Mo, Ru, Hf, Ta, W, Re, and Os.

25. The perpendicular magnetic recording medium according to any one of
claims 1 to0 16,
wherein the at least one layer of the intermediate layer is made of an alloy
20 material of 25 at% to 85 at% of Au and at least one element selected from a transition

metal element group including Ti, V, Cr, Fe, Zr, Nb, Mo, Ru, Hf, Ta, W, Re, and Os.

26. The perpendicular magnetic recording medium according to any one of
claims 1 to 16, ‘ . '

25 wherein the at least one layer of the intermediate layer is made of an alloy



48

material of 30 at% to 95 at% of Ni and at least one element selected from a transition

metal element group including Ti, V, Cz, Fe, Zr, Nb, Mo, Ru, Hf, Ta, W, Re, and Os.

27. A method of manufacturing a perpendicular magnetic recording medium
5  including at least an soft magnetic layer, an under layer, an intermediate layer, and a
perpendicular magnetic recording film that are formed on a non-magnetic substrate, the
method compri-sing:
adding an ¢lement having a bee structure or a hep structure to an element having a
fee structure such that at least one layer of the termediate layer form 2 erystal structure

10 having an irregular layer lattice (stacking fault) with (111) orientation.

28. A magnetic recording/reproducing apparatus comprsing:
the magnetic recording medjurn according to any one of claims ] to 26; and
a magnetic head that records or reproduces information on or from the magnetic

15  recording medium.



