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"TITLE OF THE | NVENTI ON NMAGNETI C RECORDI NG MEDI UM AND
MAGNETI C RECORDI NG REPRODUCI NG APPARATUS BACSKGROOUND—

OF THE I NVENTION 5 The present invention rel ates

perpenicular gt o recorai ng et um or e[

hard disk drive or the Iike using the magnetic .
recordi ng technique and a nmagnetic *159159

recordi ng/ reproduci ng apparatus. A nagnetic recording

ecordi vor epr oduct on mai 'y used i n corputers i s NI
used in various fields such as househol d video decks

audi o appar at uses, aﬁ&TégrOﬁa?ﬁ&aﬁwaﬁN§§ﬁNegsdbecausé*Gmwr
faod . \ . . :
accdtieuBhes FERARHG HAPKBRORMETIERRET G (V) s 15

the gange Pl ¥gepRbphAeNEDRLVAFEDS demands for high

storage capacity are increasing, and this has

accel erated the camsaiddd@n fo¥F Hde devalepsyent of a
hi gh-density HDD in recent years. Presently

commer ci athy pyakeabl entegBebhCréQates to a perpendicular
recordi ng/ reproduci ng appar at uses use a | ongi tudi nal

magmed gice t ecorecogd e hoddilm fhirsuset hoda nagaetliek drive

crystal grains form ng a perpendicul ar magnetic

recordi hige | hijke fioingethbe dnagnénfor matpodihaveeahnagiis and

of easy magneti zation in a direction longitudinal to a

25 subsivatelC TheCaxisneasyPraghet PgaePparasluan axis

D oD Girsction of i eh IRonel 22| BoETLY  ormation

nagngéég§éi88/£gp§oduction mainly used in computers is
used in various fields such as household video decks,
audio apparatuses, and car navigation systems because
of its large capacity, inexpensiveness, high data
access speed, and high data holding reliability. As
the range of use of the HDD widens, demands for high
storage capacity are increasing, and this has
accelerated the competition for the development of a
high-density HDD in recent years.

Presently commercially available magnetic
recording/reproducing apparatuses use a longitudinal
magnetic recording method. In this method, magnetic
crystal grains forming a perpendicular magnetic
recording layer for recording information have an axis
of easy magnetization in a direction longitudinal to a
substrate. The axis easy magnetization is an axis in

the direction of which magnetization easily points.

In a Co-based alloy, the axis of easy magnetization is
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a direction longitudinal to the normal to the (0001)

pl ane of a hexagonal cl ose-packed structure (hcp) of

Co. Decreasing the recording bit area of a

| ongi tudi nal magnetic recording nediumin order to 5

i ncrease the recording density may nmake the

magneti zation reversal unit dianeter of a recording

| ayer too small. This nay worsen the
recordi ng/ reproduction charactetistics by the

so-call ed thermal decay effect which thermally erases
10 informatjon in the magnetic layer. In addition,

i ncraa fﬁ@cﬁh%ndgﬂ§9f§uﬂg?% FRcFBEsBe HBl s&CpFo8ucdqol)
fromihge nBel UMDY, L0g. i niuence of 8 dermanetizifdy) of

fie generated | ndary r égion

reco@gingD@&Eéas%ggB¥h§09553§§%%gnb§tsgig§|B?da

per pendi cul ar maghetic recor net hod 1n which the

axi s16hgeasyindRgNLYhaat E0RetHrai RET REATLEULAr order to
magnetic recording |ayer points in a direction

substaateabéythperpeodd tul adeh i@y Stbgt hake, thbe

i nfluence of a 20 denmgneti zing field between
reconadyngt breasion sewéfsabveniatdhaghtdensit y, randrtiheg
operation is magnetostatically stable even at a high
denst2yer tperefateé; thelperpendpestarthagnetic
recordin??nﬁthod is recently attracting a great dea

of alTent oY a5 R 28  Fethii Gt ARt @R Fepfacky the

000,00l SR, F DA A PLSHLCURL 1) cvaces

SUbS{ﬁ@é?ma@Poﬁ'iﬁ”@ﬁ@tm£8ﬂé{9é Iager. In addition,
increasing the density often increases noise produced
from the medium by the influence of a demagnetizing
field generated in the boundary region between
recording bits.

By contrast, in a so-called perpendicular
magnetic recording method in which the axis of easy
magnetization in a perpendicular magnetic recording
layer points in a direction substantially
perpendicular to a substrate, the influence of a
demagnetizing field between recording bits is small
even at high density, and the operation is
magnetostatically stable even at a high density.
Therefore, the perpendicular magnetic recording method
is recently attracting a great deal of attention as a
technique which replaces the longitudinal recording
method. A perpendicular magnetic recording medium

generally comprises a substrate, an alignment control
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under | ayer which aligns magnetic crystal grains in a
per pendi cul ar magnetic recording layer in a (0001)
pl ane and reduces the alignnent dispersion, the
per pendi cul ar magnetic recording |ayer containing a 5
hard magnetic material, and a protective |ayer which
protects the surface of the perpendi cul ar nmagnetic
recording layer. In addition, a soft magnetic |ayer
whi ch concentrates nmagnetic Tl ux generated froma
magnetic head during recording is forned between the
10 substrate and alignpent control underlayer. To _
i ncr'&ASer theST ekt ot ngl 4RSI PYINRELSeChYSE2beITREASCAR 2
with the therng% stabil%t bei n dmain ained.in tBiﬁ
per pendi Cut ar " nagnéf P é%ofﬁ?ﬁg redi aAYES w8l . (OPRe)
O o1 L pdugtd op gRLhodce s genehally a;aBLhedonni ¢f 1S

_gecreases the size o?d%he nagﬁéglc crygﬁgp grai ns

the geeosdhNeul ayehaghbr exappkerintheageth ini
redl}{):inlgéthisu nagn%?ictinteracfio%éisaggnegﬁgggiﬂﬁgﬁ @

addsh& §Pnaddlet { bemdt k€140, aaper pepdbeskal veBagAOLtrCwhich
recording layer 20 to give it a granular structure

f or redobychaghiee | surfaystaf ghai psrpaddacgiaknmagnetic
boundary regi on surrounding the magnetic crystal

gr ai IRCApdimpdbavert heladaidivésn, assdéscrapedtin layer
Jpn. Pat. Appln. KOKAI Publication No. 2002-83411. 25
Unf ofR tirfat ePycer hedee fret ROt 4F ohéutappperated from a

sufficiently downsize. and na%ngtically i SO
i h°thet

te th
magHat 76 et § st af < o '&F idd %%o?aiﬁﬁrW%seg?tV%eZ the

substrate and alignment control underlayer.

To increase the recording density, noise must be
reduced with the thermal stability being maintained in
this perpendicular magnetic recording medium as well.
The noise reduction method is generally a method which
decreases the size of the magnetic crystal grains in
the recording layer.

An example of the method of reducing this
magnetic interaction is a method which adds Si0Oy and
the like to a perpendicular magnetic recording layef
to give it a granular structure formed by magnetic
crystal grains and a grain boundary region surrounding
the magnetic crystal grains and made of the additives,
as described in Jpn. Pat. Appln. KOKAI Publication
No. 2002-83411.

Unfortunately, these methods alone cannot
sufficiently downsize and magnetically isolate the

magnetic crystal grains in the recording layer. 1In
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addition to these nethods, therefore, there is a

di scl osed techni que which further downsizes the
crystal grains in the perpendicul ar magnetic recording
| ayer by downsi zing the crystal grains in the 5

underl ayer by adding SiOQ2 and the like to it, as
described in Jpn. Pat. Appln. KOKAI Publication No.
2003-36525. If a nmethod like this downsizes the
crystal grains in the undertayer,” however, the
crystallinity 10 and alignnent of the underlayer
crystal grains generally deteriorate. The influence of
t hi 29t EPT of @t FoPSASHE Bldedst heNeF§EPARI i Bieycahd a

0001, | ignment of the crystal grains in the
o PEVR U1 CHHRETE ¥ SEoh r PG Sy eiovASLaSs the
consequence, e 15 signal -to-noi.se rati o_( SN :
deor e g e SRR R R PRRER GRETThae recording
res j j e j | der at | of
Phe Bbbve S TLar o hhd Mo ae° {5 ShTEht 15 biovi de
a pafmiwé@rbywm@S@@grgmgthgolmgltJam having a
hi gh signal-to-noise ratio (SNR) and capabl e of
hi ghdeketisi hed r ae orshh Nngpdy . despeasi KgrAhepulavetageon
grain size of magnetic crystal grains and inproving
the Noysi@3abognment of the magnetic crystal grains,
and a magnetic recordin apgaratus 25 using this
recordinglﬁe@i@%¥h%@cb%g?n t® dpenaspeettbe ehestal
present,invention,u@ﬁhere is provided a magnetic

recdﬁ%ﬁ%ﬁfr&ﬁniﬁﬁ erlayer, however, the crystallinity

and alignment of the underlayer crystal grains
generally deteriorate. The influence of this
deterioration degrades the crystallinity and (0001)
alignment of the crystal grains in the perpendicular
magnetic recording layer. As a consegquence, the
signal-to-noise ratio (SNR) decreases.
BRIEF SUMMARY OF THE INVENTION

The present invention has been made in
consideration of the above situation, and has as its
object to provide a perpendicular magnetic recording
medium having a high signal-to-noise ratio (SNR) and
capable of high-density recording by decreasing the
average grain size of magnetic crystal grains and
improving the crystal alignment of the magnetic
crystal grains, and a magnetic recording apparatus
using this recording medium.

According to one aspect of the present invention,

there is provided a magnetic recording medium
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conprising a substrate, a soft magnetic |ayer forned
on the substrate, a nultilayered underl ayer
conprising a first 5 underlayer forned on the soft
magneti c | ayer, containing copper as a mai n conponent,
and containing crystal grains with a face-centered
cubic lattice structure substantially aligned in a
(111) plane, and a second underlayer formed on the
first underlayer and 10 contai mi ng  copper and nitrogen
as main conponents, and a perpendicular magnetic
recording layer fornmed on the nultilayered
underPERerS1dnt ai ni ng cobalt as a nmin conponent,
and cont ai ni crystal grains with a hexagona
close-pac%eﬁggf?ﬁ%?%re substantially aligned 15 in a

(0001) plang. . Pﬁgég%ﬁgctfaae§e 89%%§S§§C B%LF%Egtrate,

pr esent I nventi on; ere | provi

n _ 2 mat |
recor di ng/ r.epr ofug) 09 aPpasaL Us, EPMBELSL 091 A TBIBEL L

recordi ng nmedi um conpri si ng a su rate,

mgnelder layer formed on the substfiaieti@ layer,
mul til ayered underl ayer conprising a first underlayer

f or mesh toni 1t ivey sedgperagneta and Ay efomp€OEH @) NENG €OPPLIning
as a mmi n conmponent, and containing 25 crystal grains
Wi t ey Stacle-wentes edi tubi cfdat tdemtesed uctiuie lattice
substantially aligned in a (111) plane, and a second

undet} & U T rinRP o kel ¥y ratiapriérimyer (Bhl) -pbane, and

a second underlayer formed on the first underlayer and
containing copper and nitrogen as main components, and

a perpendicular magnetic recording layer formed
on the multilayered underlayer, containing cobalt as a
main component, and containing crystal grains with a
hexagonal close-packed structure substantially aligned
in a (0001) plane.

According to a second aspect of the present
invention, there is provided a magnetic
recording/reproducing apparatus comprising

a magnetic recording medium comprising

a substrate,

a soft magnetic layer formed on the substrate,

a multilayered underlayer comprising a first
underlayer formed on the soft magnetic layer,
containing copper as a main component, and containing
crystal grains with a face-centered cubic lattice
structure substantially aligned in a (111) plane, and

a second underlayer formed on the first underlayer and
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cont ai ni ng copper and nitrogen as nmai n conponents, and
a perpendi cul ar nmagnetic recording |layer forned on
the nultilayered underl ayer, containing cobalt as a
mai n conponent, and containing crystal grains with a 5
hexagonal cl ose-packed structure substantially aligned
in a (0001) plane, and a recording/reproduci ng head.
The present invention can perform high-density
recording by using a magnetic r®cordi ng medi um whi ch
10 achieves a high SNR by decreasing the grain size of
magnetic crgsta gra ns i.n _a_perpendi cul ar magnetic

recordi hy' Payer SORRATI ABFoVF hyOPRE ﬁﬁlﬁﬁﬁﬁnFo8POPﬁ€tSf and
t Ad th t
i 1 be sé PFoPeRtauTs (RETaGae: oron A dfver Tosmed

will be set

fo'|§M5th§ngulglp§956$ﬁlhnggrégggEouéoREgghﬁgg Cﬁbalt as a

descrlptlon | ear ne practice o

|nVQﬂéi@ncoﬁﬁ&ﬁ@h@ge§n@fcbh@a1h@M§nEk9@tg§ng§lns with a
reali zed and obtai ned by neans of th

|nstmﬂma@maéltCBSSaHﬁaCQGBIﬁatueﬁﬁrsaéhbédbaEhMlZQ aligned
poi nted out hereinafter. BRI EF DESCRI PTI ON OF THE
SEVERALa VI BVl DFo T#Ee DRAWENG  The accompanyi ng

drawi ngs, which are incorporated in and constitute a

part of tﬁer§5@é¢#P@éFPEﬁOdUFPPGShﬁaﬁe enbodi nent s of

t he |nvent on, and together 25 with the generation
descri pt i bR gPYERCAboVBYSRA1 PReCaRePSIFFedMdB BRI FENSA LY

of he_eobodk ient 5. given bel ow s SeLys Lo, SxpLAl N IE. cr

achieves a high SNR by decreasing the grain size of
magnetic crystal grains in a perpendicular magnetic
recording layer, and improving the alignment of the
magnetic crystal grains.

Advantages of the invention will be set forth in
the description which follows, and in part will be
obvious from the description, or may be learned by
practice of the invention. Advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly
pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate empodiments of the invention, and together
with the generation description given above and the
detailed description of the embodiments given below,

serve to explain the principles of the invention.
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FIG 1 is a sectional view showng the first exanple
of a magnetic recording nmedi umaccording to the
present invention; FIG 2 is a sectional view show ng
the second 5 exanple of the nagnetic recordi ng nmedi um
according to the present invention; FIG 3 is a
sectional view showing the third exanple of the
magneti ¢ recordi ng medi um according to the present
invention; 10 FIG 4 is a sectional view showi ng the
fourth exanple of the magnetic recordi ng nmedi um
according_to Vvtlhe present .invention; FIG 5 is a
secti onal FvPew' shBwEn§SEReOPPFt Kic8xaApIangf thRe first
magnet  gof eCor di ng. edi um aceording Loos 1 Lhe present |
i nvenfToR CFTG 26 T e a parfralfyekplodétdparspedtive
Vi W SNOUE 0gn 8N: BYaAPL SR Of @ Magnetic

recordi ng/ reproduci ng apparatus of the present

inventionp1El G Tsig 3cgraphashowengshbgihgl @hkorshipg
20 between the thickness of a second underlayer and

dMagexampGe 8fi 6ha g&apbt showkbgriiegrebat iansbeprding to

bet ween the thickness of the second underl ayer and

AGBOtLhéEl Bre9ens angeaphoshowi ng the relationship 25

between the thickness of the second underlayer and

SNR; FIG F16-i8 assectbehabneleWishodhagingetsexthird

exanpl e of the magnetic recordi ng nedi um according to
example of the magnetic recording medium according to
the present invention;

FIG. 4 is a sectional view showing the fourth
example of the magnetic recording medium according to
the present invention;

FIG. 5 is a sectional view showing the fifth
example of the magnetic recording medium according to
the present invention;

FIG. 6 is a partially exploded perspective view
showing an example of a magnetic recording/reproducing
apparatus of the present invention;

FIG. 7 is a graph showing the relationship
between the thickness of a second underlayer and dMag;

FIG. 8 is a graph showing the relationship
between the thickness of the second underlayer and
ABg;

FIG. 9 is a graph showing the relationship
between the thickness of the second underlayer and

SNR;

FIG. 10 is a sectional view showing the sixth
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the present invention; FIG 11 is a graph show ng the
relationship between the thickness of a third

underl ayer and an 5 average crystal grain size dMag;
FIG 12 is a graph showng the relationship between
the thickness of the third underlayer and AGG0; FIG
13 is a graph showi ng the rel ationship 10 between the
t hi ckness of the third underlayer and SNR;, FIG 14 is
a sectional view showing the seVenth exanple of the
magneti c recordi ng medium according to the present

i nvention G 15 is a sectional view show ng the

=
e|gh?ﬁama%ee9gnﬁ 8 EFgPﬁE regRECFEFEcBFE! Y ﬁﬁﬁpﬁﬁlng to
he t DETAI LED
acc%aq%ﬂgi%g%%E Qre IERyeR hggnetic recordi ng
medi um of ¢t fe Fmeng g AEANLHRN1ARS ACSURSLEALE 1

soft magnetic [ayer on tHe substrate,

nU'tbé@W@éﬁdtM@dﬁﬁhéﬁﬁéssfangdtﬁﬂrBh§n§@E§a§@9nngCan
| ayer, and a perpendicular magnetic recording |ayer

f or nede paigé heryuit il ayeifdsivedarhkgyer. The _
per pendi cul ar magnetic recording |layer 25 contains Co
as a nai nNFEGnpobAent, aapdapbnsabrsngr yekealkrelgtdionship
havi ng a hexagonal cl ose-packed structure
substantFar | jhal Fghebneasacfoobe) tplafeundeglaYae and
nultléayered under| ayer includes a first
c0;
FIG. 13 is a graph showing the relationship
between the thickness of the third underlayer and SNR;
FIG. 14 is a sectional view showing the seventh
example of the magnetic recording medium according to
the present invention; and
FiG. 15 is a sectional view showing the eighth
example of the magnetic recording medium according to
the present invention.
CETAILED DESCRIPTION OF THE INVENTION
A magnetic recording medium of the present
invention has a substrate, a soft magnetic layer
formed on the substrate, a multilayered underlayer
formed on the soft magnetic layer, and a perpendicular
magnetic recording layer formed on the multilayered
underlayer.
The perpendicular magnetic recording layer
contains Co as a main component, and contains crystal

grains having a hexagonal close-packed structure

substantially aligned in a (0001) plane.
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under| ayer containing Cu as a nmai n conponent and
containing crystal grains having a face-centered cubic
| attice structure substantially aligned in a (111) 5
pl ane, and a second under| ayer fornmed on the first
under| ayer and containing Cu and nitrogen as main
conponents. A magnetic recording/reproduci ng appar at us
of the present invention has the perpendicul ar
magnetic 10 recordi ng medi um described above and a
recording/reproducing head. Note that the term "main
conponent” used._in_the present _invention neans a

conponentTEGn@P%F&@FHﬁr?Heu“?ﬁFéé§FrcéﬁFéﬁﬁe§fa first
conponent nt aine

pluralfty ¥g50ﬁ%%nenP§nﬁh§§eaSc%n??ﬁFuSﬁ@?°PSﬁﬁ Righ.
Flci%&nt§1§1§§CE£99§5év ?gﬁﬁgoﬂ%ogn%hg }Eégtceﬁ%%ggdecublc

of e nmagnetic recor i um accor di ng t

preseattisvest oAt y28 éébghgﬂﬁlhmlﬁlgal%nea Qﬁggetu§1
recording medium 10 has a structure fornmed

sequehiha@) | yn8t ackésgndonindarsubstr abemdd anseﬁb first
magnetic layer 2, a nultilayered underlayer 7

i ncl udileglayérratdunderbayéng3Candndensbdndogandes| agen
4, and a perpendi cul ar nagnetic recording 25 layer S.
The ©PrRPTaYEPF- 3 contains Cu as a main conponent, and

contains crystal grains having a face-centered 10
cubi c |at%i%ég@?ng SEFOEHhPE’ EGREPSHELARI $PRPTgREE PA the

present invention has the perpendicular magnetic
recording medium described above and a
recording/reproducing head.

Note that the term "main component" used in the
present inventioﬁ means a component constituting ﬁhe
largest content of components contained in the
material, or a plurality of components whose
constituency rank high.

FIG. 1 is a sectional view showing the first
example of the magnetic recording medium according to
the present invention.

As shown in FIG. 1, a magnetic recording medium
10 has a structure formed by sequentially stacking, on
a substrate 1, a soft magnetic layer 2, a multilayered
underlayer 7 including a first underlayer 3 and second
underlayer 4, and a perpendicular magnetic recording
layer 5.

The underlayer 3 contains Cu as a main component,

and contains crystal grains having a face-centered
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the (111) plane. The second underl ayer 4 contains Cu
and nitrogen as mai n conponents. The perpendi cul ar
magneti c recording layer 5 contains Co as a nain 5
conponent, and contains crystal grains having a
hexagonal cl osest packed (hcp) structure substantially
aligned in the (0001) plane. A |layer having a
so-called granular structure in_ which the grain
boundary regi on of a nonmaghetiE 10 material surrounds
i ndi vi dual nmagnetic crystal grains can be used as the
perpendlcular nagnetlc recording |ayer of the

per petidi ¢ ut Jrﬁa@né%% r%%teﬂ*m@e n%‘é*?%?ﬁnB%a%h% aligned in
t t b
GO of SV A gty Bt e Gh SR Bl oo

t
252%2%%;%?%% ot .%nfﬁ%e% eff’é’fﬁn@% P e e f i cb 18
gr aifisynd her eRycdauch Nt fde 4 ransi 14,00 @@I§§ Lk he
recordi ng/ reproducti on characteristics. An | oy

mat efdrgdoravi Noatdec et Sts uet ps€al 2<9rasm§t1amm<§l ¥
aligned in the (0001) plane and containing Co as a

mai meaporentcissasedhaskdde hapgnet rccctyst @abhbgrantially
material of the perpendicular magnetic recording

| ayerliontrach ithetiGo E00GY) ardstal grains having the

hcp structure are aligned in the 25 (00011 pl ane, the

axis of e”as%/ah%@n%%wa%.@n%b%%%ecﬂngr%\n@ fBcPEppcture in

perp ndlcular to thg%s trate surfac In one
TEht TS (975 IR KT ¥ oF TEE" Ofga TN 9B R
3 basel o Ly g Al S e o, 93,0

can be used as the perpendicular magnetic recording
layer of the perpendicular magnetic recording medium
of the present invention. The nonmagnetic grain
boundary region around the magnetic crystal grains in
the perpendicular magnetic recording layer can reduce
the exchange interaction between the magnetic crystal
grains, thereby reducing the transition noise in the
recording/reproduction characteristics.

An alloy material having the hcp structure
substantially aligned in the (0001) plane and
containing Co as a main component is used as the
magnetic crystal grain material of the perpendicular
magnetic recording layer. When the Co alloy crystal
grains having the hcp structure are aligned in the
(0001) plane, the axis of easy magnetization points in
a direction perpendicular to the substrate surface.

In one embodiment, it is possible to use, e.g.,
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energy, the thermal decay resistance often rises.
Additive elements such as Ta, Cu, B, C, and Nd can be
5 added, if necessary, to these alloys in order to

i mprove the magnetic characteristics. In sone

enbodi nents, it is possible to use, e.g., CoCPt,
CoCrPtB, CoCrPtTa, CoCrPtNd, or CoCrPtCu as the
magneti c crystal grain material of the 10

per pendi cul ar magnetic recordi ng |ayer. A conpound
such as an oxide, nitride, or carbide can be used as

the naterlal t he ai n _boundary region. These
conmpdsu 4) é&?p??gT%S%%c%h%%y T%E?rh%%ﬂ}y PORAT

sol i solutlons th the jma netlc 15 cryst al
é% VA ave hl %%h%l%% a?groplc

mat 67 1 %1% deser] bad abov % tafediy

S! Q%ne %, t%e%((thééiln%(l #@%y and T %é%( gﬁ%t}é%%%(

for mdwlﬂlh% H@ehodndasy £€0t0N ceans beCJ?' thes Nd can be
crystal line or anmorphous. 20 In one enbodi nent, the

mat erdddd f arfrimged e gy ai o Hiosnslag y1 6 €gi DR @la@ebeto

added at a nol ecul ar nunber ratio of 1% to 50%

(i ncimsiores) tthe trgmeighetditacayséalstgeain materi al .

I'f the nol ecular nunber ratio is less than 1% the
magnet i ¢ 1501@ET oriibed ieemt ¢ hel rgnepoesPBlerystake, e.g.,
gralns tends. to becone |nsuff|C|ent If the nol ecul ar
nuntSeiC it & ¥xidddtrs Stoh Pt ey (Gooa5tNGy | Ghrierft T BFCE hes

tends to 12 - t
ettt T i 0 ar Taghetd T ebrth rig e

perpendicular magnetic recording layer.

A compound such as an oxide, nitride, or carbide
can be used as the material forming the grain boundary
region. These compounds easily precipitate because
they hardly form solid solutions with the magnetic
crystal grain materials described above. Practical
examples are SiOy, TiOy, CrOyg, AlOy, MgOy, TaOy, YOy,
TiNyg, CrNy, SiNy, AlNy, TaNy, SiCy, TiCy, and TaCy.

The material forming the grain boundary region
can be either crystalline or amorphous.

In one embodiment, the material forming the grain
boundary region can be added at a molecular number
ratio of 1% to 50% (inclusive) to the magnetic crystal
grain material. If the molecular number ratio is less
than 1%, the magnetic isolation between the magnetic
crystal grains tends to become insufficient. If the
molecular number ratio exceeds 50%, the (0001)

alignment of the magnetic crystal grains tends to
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| ayer has the granular structure can be checked by
observi ng the perpendi cul ar nagnetic recording | ayer 5
pl ane by using, e.g., a transm ssion el ectron

m croscope. It is also possible to identify the

el ements and eval uate the conpositions in the crystal
grain portion and grain boundary regi on by using

ener gy di spersion X-ray spectroscopy (EDX) together.
10 The perpendi cul ar magnetic técording | ayer can

have a nultilayered structure made up of two or nore

| ayers if necessary. In this case, at |east one |ayer
can B halghetic 1 ayer containing, e.g., Co as a nain

conmponent.. and cont ai ni.n
hexagonalwg?og%¥pg%ﬁe%e§
int
| ayer Torm ng the

? crystal grains having tge 15
PGt o 6= EUBEPARE 'l 5 aF foRad
ﬁﬁyéPOQQQ @%@n%raﬁﬁlgyes P@ggﬁpgnéanaﬁel8§g£kggeby

er pendi cul ar magneti c recording

|ayaﬂo@@ﬁv@@gatﬂ@Q%@fﬁ@n&@d@IaPaﬂé@ﬁeED@ BEEOLBRg 1ayer

structure. 20 As t

e nmethod of downsizing the crystal

gr aipisand by hes peg pedady cul art nagaet s €1 secordingohayer,

as

descri bed previously, it is possible to use the

met hodcrofceadkeli ngItSi 2 @fs¢ hpo$skeld otd hedentify the

per pendi cul ar magnetic recording |ayer, and the

met HOERTREN doWRisd 28 TRyl P&t ¢ hiehergstads gradms im the crystal
under| ayer by adding SiQ2 or the like to the

undet RPN R LFEHER HOWREF 2Y nEcgiPie Ry yeshng

grains |

mmmﬁﬂﬁ{gkh

t di ng | . At 1.5 t,
R i 61 cttet oro il (HRhorRonEe: -

reached tﬁﬁérpé%ﬂlﬁgic&fagdgéé$g@1cmpggording layer can

have a multilayered structure made up of two or more
layers if necessary. 1In this case, at least one layer
can be a magnetic layer containing, e.g., Co as a main
component, and containing crystal grains having the
hexagonal close-packed structure substantially aligned
in the (0001) plane. In one embodiment, at least one
layer forming the perpendicular magnetic recording
layer can be a magnetic layer having the granular
structure.

As the method of downsizing the crystal grains in
the perpendicular magnetic recording layer, as
described previously, it is possible to use the method
of adding Si0Os or the like to the perpendicular
magnetic recording layer, and the method of downsizing
the crystal grains in the underlayer by adding SiOs or
the like to the underlayer, thereby further downsizing

the crystal grains in the recording layer. At
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t he underl ayer crystal grains are downsized by these
nmet hods, the crystallinity, particularly, the 5

al i gnnent of the underlayer crystal grains generally
deteriorates. Consequently, the (0001) plane

al i gnnent of the perpendi cul ar magnetic recording

| ayer deteriorates, and this degrades the magnetic
characteristics and recordi ng/ reproduction 10
characteristics. To solve the above problem the
present inventors made extensive studies, and have

f ound t hat en th| Ia er which co alns Cg ah
ni t FOgEIT Hs V%Fvecrd %W%%sz%rhgvﬁ ) 5 these

np(rjisr’r{elt%déj aq; msrdea S1'1ed ]tsh Sjcﬁoflmll'l@ger | ﬂ¥ dgltloril, when

yer CO al ni ng a haln conpone
and gapevmgjéarf Sue0 oubie dALLAGE SLEUGIM Chese

substantial ly allgn % In the (111) plane, it

possidimyd derd easpsidie aver pgepLfysé@ar 0 altﬂhél ze
in the perpendlcular magnetic recording 20 layer, and

I mpraovieyrinteen { OO0 1)h Pl &l 4 gewrredt y ©f a1 hera gn@éherally
crystal grains in the perpendicular magnetic

recotediangi daters . THeometdqroshofy t hiehgr e3@ht) i mvame i on
does not directly downsize the Cu crystal grains in

t he Fiigmerds einderd a3RFE e heC hehe dn@e | hprover T hieng
O LIS AT A R e e R
ﬁﬁdecq]eatarsareértograklcggcr:j Ty aty, eS(%%alel llr(re]I }é’e roc}lllqucetchuducti on
characteristics.
To solve the above problem, the present inventors
made extensive studies, and have found that when a
thin layer which contains Cu and nitrogen as main
components and in which Cu is modified is formed as a
second underlayer on a first underlayer containing Cu
as a main component and having a face-centered cubic
lattice structure substantially aligned in the (111)
plane, it is possible to decrease the average crystal
grain size in the perpendicular magnetic recording
layer, and improve the (0001) plane alignment of the
magnetic crystal grains in the perpendicular magnetic
recording layer.
The method of the present invention does not
directly downsize the Cu crystal grains in the first
underlayer, and hence can improve the (0001) plane

alignment of the magnetic crystal grains in the

perpendicular magnetic recording layer without



10

15

20

25

characteristics can well inprove. The alignnent plane
of the crystal grains in each 5 |layer can be

eval uated by a so-called 0-20 nethod by wusing, e.g.,
a general X-ray diffraction apparatus (XRD). Al so,
the alignnent dispersion can be evaluated by a ful

wi dth at half maxi mum of a rocking curve, A050. 10 In
one enbodi nent, the (111) plane alignment of the Cu
crystal grains sonetinmes inprovés when substrate
heating is perfornmed before and/or after the

f tion.of the Cu der| . _An f th

ot MOtk O 767 i 18 THE SGEB0AL 15 GHaBFI Byer CCoHPaPAtAge:
Cu aﬁgcaféiﬁgfg,?§hgakgﬁo%899§9%8t%o Qcthg first

underT ayef cont ai Ai hg Cl- as mai’n~conponent is a

met hoda whi €81 9f MEs Ly underhgysl. and exposes the
surface of the Cu underlayer to a nitrogen plasm or

nitrogen rRdi gakgnAOntopfane arnedef kegskayefrBYns in each
doping nitrogen in Cu in the surface region of the Cu

undetdpgyercahtbé seabboat passybkesbocpel éor - 3@-cethed by
reverse sputtering which slightly sputters the Cu

| ayerssug f acedi n @ aéreovgenX-asposphéract 26n\Wappheatus
the second under| ayer containing Cu and nitrogen as

mai n{EBMponeMt 30 ext 3 sai hopRensuff aeersieni eAnoPet he

Ou gl avey conbe phecksd by, 1o performng £DX o
togeé@g&e’Txggopan al so be checked by

In one embodiment, the (111) plane alignment of
the Cu crystal grains sometimes improves when
substrate heating is performed before and/or after the
formation of the Cu underlayer.

An example of the method of forming the second
underlayer containing Cu and nitrogen as main
components on the first underlayer containing Cu as
a main component is a method which forms a Cu
underlayer, and exposes the surface of the Cu
underlayer to a nitrogen plasma or nitrogen radicals
to form a modified layer by doping nitrogen in Cu in
the surface region of the Cu underlayer. It is also
possible to perform so-called reverse sputtering which
slightly sputters the Cu layer surface in a nitrogen
atmosphere.

Whether the second underlayer containing Cu and
nitrogen as main components exists in the surface

region of the Cu underlayer can be checked by
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anal yzi ng means such as secondary ion nass
spectronetry (SIMS), Rutherford backscattering (RBS),
5 X-ray phot oel ectron spectroscopy (XPS), Auger

el ectron spectroscopy (AES), and a three-di nensi ona
atom probe nethod. The thickness of the second
under |l ayer can be checked by observing the nmedi um
section by using, 10 e.g., a TEM Wen the second
under | ayer containing Cu and APtrdgen as main
conponents is formed, the conposition and
crystallinity in the Cu underlayer as the first _
underfayRIMEre BPEfeRrenfefi o tR65ECPnOPRBT VABAPT BELNY,
| ayer as the cond underlayer. Since.this 15 prodyces
2 o7 ast® aF Y of SARE" Bot vebh: £ na-t v PayeFsC Pitge BY
Sectdonpl . TEM homge. 106 LU ckogas. ol 108 agcond
under [ ayer contal ni ng and nitrogen as nain

conponent Sokéfr Pe (yabvat g né 88rqap50x68kLEedring (RBS),
per pendi cul ar doubl e-1ayered 20 nedi um having a

per peneh gubied t sBYAEE L 6n T €60E €k HYcbBYEIXPON, BAuger electron

hi gh-pernmeability soft magnetic |ayer is obtained by

formpecthessopy maERES i endayethbetweenehheohbl sktom probe

underl ayer and substrate. In this perpendicul ar

doubnethagered medi um the soft magnetic |ayer 25

hori zontal | y passes the recording magnetic field from

a magnet i ENReadickngss afsthgl eepend nedarisyer can be

magnet i zi ng t he perpendi cul ar netic recording |ayer

T6 GG FET UPhsOPHB! RhRet T FPat tht 55T heohughet pens:

head, ?!;ea'TﬁﬁffOﬁﬂgnatﬁéréegénéh8n58995§8? 8Lnthning cu

magnettc
and nitrogen as main components is formed, the
composition and crystallinity in the Cu underlayer as
the first underlayer are different from those in the
modified layer as the second underlayer. Since this
produces a contrast difference between the two layers
in a sectional TEM image, the thickness of the second
underlayer containing Cu and nitrogen as main
components can be evaluated.

Also, a so-called perpendicular double-layered
medium having a perpendicular magnetic recording layer
on a high-permeability soft magnetic layer is obtained
by forming the soft magnetic layer between the first
underiavyer and substrate. In this perpendicular
double-layered medium, the soft magnetic layer
horizontally passes the recording magnetic field from

a magnetic head, e.g., a single pole head for

magnetizing the perpendicular magnetic recording layer
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head. The soft magnetic | ayer can thus apply a steep
sufficient perpendicular nmagnetic field to the 5
magnetic field recording |ayer, thereby increasing the
recordi ng/ reproduction efficiency. Exanples of the
material for use in this soft magnetic layer are

CoZr Nb, FeSi Al, FeTaC, CoTaC, N Fe, Fe, FeCoB, FeCoN,
FeTaN, and Colr. 10 The soft magnetic |ayer can be a
multilayered filmincludingt or nore layers. In
this case, it 1is possible to use layers different in
material, conposition, and filmthickness. It is also
possiBt erctorfor e Theeettayéieddstputharappetic head,
sandwi ching a_15 thin Ru | ayer be%meen,tmo soft ,
Taget s o | B56F &TMS For PREF nof etP8 bPAS-ABPI Peatgnmagnetic

| ayelop4ich 8% asoLengLLNG] nal hacd magnete LLLIOL opeep

L
ant romagneti ¢ fi can be forne ween

magnet i £; L AYSE ﬁ@%eﬁ&PéﬁiélemaﬁgeEEQ nghﬁ o, e

sectional view show ng the seco exanple o
magneidset €0f ding ABELUM AGCOEJERY tRerthO PHESEALing the
invention. As shown in FIG 2, a nagnetic recording

medi texo 291 hasrébeoganeishreacfuceeasyrFl G 1 except

that a bias 25 application layer 8 is formed between

a substrabearipbad sbf thenygaceircalayer 2seThe sbfis soft
magnetic |ayer easily forms a magnetic - 1 7 - domain,
and TR RGN YT ddhai Aogeler afeS18pi kBeTaC, CoTaC, NiFe,

Fe, FeCoB, FeCoN, FeTalN, and Colr.

The soft magnetic layer can be a multilayered
film including two or more layers. In this case, it
is possible to use layers different in material,
composition, and film thickness. It is also possible
to form a three-layered structure by sandwiching a
thin Ru layer between two soft magnetic layers.

Furthermore, a bias application layer such as a
longitudinal hard magnetic film or antiferromagnetic
film can be formed between the soft magnetic layer and
substrate.

FIG. 2 1is a sectional view showing the second
example of the magnetic recording medium according to
the present invention.

As shown in FIG. 2, a magnetic recording medium
20 has the same structure as FIG. 1 except that a bias
application layer 8 is formed between a substrate 1
and soft magnetic layer 2.

The soft magnetic layer easily forms a magnetic
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noi se. Therefore, a magnetic field is applied in one
direction in the radial direction of the bias
application |layer to apply a bias magnetic field to 5
the soft magnetic layer fornmed on the bias application
layer. It is also possible to give the bias
application | ayer a stacked structure to finely

di sperse ani sot ropy, thereby preventing easy formation
of a large magnetic domai n. “Exarpl &s of the bias 10
application |ayer material are CoCrPt, CoCrPtB,
CoCr Pt Ta, CoCrPtTaNd, CoSm . CoPt, FePt CoPt O,
CoPt¥§tF Lo PR G ER1 S CBEY PR BF 030N Ehtr PECF SR ERS PRAKS

I rvh d f th t trat
a:e %Pg$ass %Q%r %ggf:%eoa%ﬂegigggﬁigg:f%gﬁgg 2ea”in one
substyale, ;a0 & c8Lnolgsg {yaiéécéggﬁtaet nQagLog an

oxi di zed surface, ceramcs, and plastic ition,

simigs) ekiects 16p8- becexpscted YLD M@&Hew@ §yé£30@o
of any of these nonmagnetic substrates is plated wth

Ni P @thé oyoOf hagne20c!| 1k@er Ar Pré@ChhVeEnt ayessCa pr@catlon
formed on the perpendicul ar magnetic recording | ayer.

FI G 1l8yes. a secisonmhbovpews show g dgheet bhedoiexanpl e

of the magnetic recording nmedi umaccording to 25 the

pr esavit L} pyehel ohayas showncked PG ugturne nagnéinely
recordi ng medium 30 has the sane structure as FIG 1
exCePt SRAETS a2 D1 FRErOPY ot R T FRY | RyRYEBL {89 f 97 AR df @AMATion

perggpdécfarge magnetic domain. Examples of the bias
application layer material are CoCrPt, CoCrPtB,
CoCrPtTa, CoCrPtTaNd, CoSm, CoPt, FePt, CoPtO,
CoPtCr0O, CoPt-5i0p, CoCrPt-SiOyp, CoCrPt0O-Si0Op, FeMn,
IrMn, and PtMn.

Examples of the nonmagnetic substrate are a glass
substrate, an Al-based alloy substrate, an Si
single-crystal substrate having an oxidized surface,
ceramics, and plastic. In addition, similar effects
can be expected even when the surface of any of these
nonmagnetic substrates is plated with NiP alloy or the
like.

A protective layer can be formed on the
perpendicular magnetic recording layer.

FIG. 3 1s a sectional view showing the third
example of the magnetic recording medium according to
the present invention.

As shown in FIG. 3, a magnetic recording medium

30 has the same structure as FIG. 1 except that a
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magnetic recording layer S. Exanples of the protective
| ayer are C, dianond- |ike carbon (DLC), SiNx, SiOx,
and CNx. 5 Each | ayer can be fornmed by vacuum vapor
deposi tion, various sputtering methods, nol ecul ar beam
epi taxy, ion beam vapor deposition, |aser abrasion,

and chem cal vapor deposition. In one enbodi nent, a
second under | ayer containing 1Q Cu and nitrogen as
mai n conponents can have a thit€knéss of 0.1 to 4 nm
(inclusive). If the thickness is larger than 4 nm

t he OOO%% | an al i gnent of netic crystal rains

i n GHEP TSt hBndt 24F Br Snagnbp FRSHetBr 8 H§-PADE: CBPEEN

15 ' t If.the,thickpess is smaller than 0.1
nn]q?%gﬁéf{gcfé%?r%%%?e%éY%g ?he grain size of the
magnetic gfysbabsghal PReo Eggeégﬁgge§a g%' BLf kCcapt apmong-

In one enbodinent, a first underlayer ave a

t hi ckinesscHFbOn 5(boc L100s mm (i @Qbﬁg,i ¥84- chf, . the 20
thickness is less than 0.5 nm the (0001) alignnent of

t he nagnetiachciygtal cgnabasfothea det eatanat eapokf

t he thickness exceeds 100 nm the recording resolution

of tdep®R\Wihar ackeidssi ssudfeenndenechsds, hnlenelar beam
enbodi nent, Cu netal grains contained in 25 the first
undetR ByeFY calP havRany Aver agerge aF hosi zéaoer abpasben,

nor e. %& n the average cr stal,grain size in the Cu

undei Tyt eT AT N oTE T EoS1 HeTt0001) pl ane 18

alignnentIgfoﬁgeeﬂggg§%é%t9rgsggéogéahggeLTagg% containing
Cu and nitrogen as main components can have a
thickness of 0.1 to 4 nm (inclusive). If the
thickness is larger than 4 nm, the (0001) plane
alignment of magnetic crystal grains in the
perpendicular magnetic recording layer often
deteriorates. If the thickness is smaller than
0.1 nm, the effect of decreasing the grain size of the
magnetic crystal grains often becomes insignificant.

In one embodiment, a first underlayer can have a
thickness of 0.5 to 100 nm (inclusive). If the
thickness is less than 0.5 nm, the (0001) alignment of
the magnetic crystal grains often deteriorates. If
the thickness exceeds 100 nm, the recording resolution
of the R/W characteristics often decreases.
In one embodiment, Cu metal grains contained in

the first underlayer can have an average grain size of
1 nm or more. When the average crystal grain size in

the Cu underlayer is 1 nm or more, the (0001) plane
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per pendi cul ar magnetic recording | ayer can inprove. In
sone enbodi nents, the average crystal grain size in
the Cu underl ayer can be 50 nmor nore. In one 5

enbodi nent, the first underl ayer can be a single-
crystal filmhaving no crystal grain boundary. If the
average crystal grain size of Cuis less than 1 nm

the (111) alignment of the Cu crystal grains
deteriorates. This often degradés The (0001) plane 10
al ignment of the magnetic crystal grains in the

per pendi cul ar magneti c recording |ayer. The average
cry I n oF Z&¢ mMadeattayefYehhl 9208l vat By,
e.g. obsqgvin t he @Iane of the .Iayﬁr b% using a
TEMPTHe" present” i FVEnt T oh evartdt’ed 13Ythe ar edTPHPVE-
200 ]ﬁ{y§5r@é G @ﬁné@gj A aélx%r;—cgy c%?@ggl rajn size in
approxi mates the radii of these crysta graln% to

t hosehOfc€l hcd @81 hawi NGt NS SEFELAT 8BS @Se t hern Coyst al
grains, and uses the average of the radii of these

Ci r Gdr@SodEmd e, ayies ager £t YSidr D5 @é A ShZepe 28 & hQyer

having a structure in which nmetal grains having grain

Si zesrygited 1 ef i ithamthosenofcthet £U graystiabugdarys i hf the

the first underlayer are isolated in the form of

i S| ATRLIIH A BD-be Joriedshee aof hFy dis uheles | Gyar bnnm,

t he second under| ayer contai ning Cu and 25 nitrogen as

mai - onpohent3L 1EITSNY 95 Bt i ohad t ¥t eW 3o ng

the fourth exanple of the magnetic recordin di u

accdtdi Ty 67 =° 20 ?TQh%‘%$%§%n?e?ﬁ@%$?iB%? (S8 pLane
alignment of the magnetic crystal grains in the
perpendicular magnetic recording layer.

The average crystal grain size in each layer can
be evaluated by, e.g., observing the plane of the
layer by using a TEM. The present invention evaluates
the areas of 200 crystal grains from a planar TEM:
image, approximates the radii of these crystal grains
to those of circles having the same areas as the
crystal grains, and uses the average of the radii of
these circles as the average crystal grain size.

A layer having a structure in which metal grains
having grain sizes smaller than those of the Cu
crystal grains in the first underlayer are isolated in
the form of islands can also be formed és a third
underlayer on the second underlayer containing Cu and
nitrogen as main components.

FIG. 4 is a sectional view showing the fourth

example of the magnetic recording medium according to
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As shown in FIG 4, a magnetic recording nmedium 40
has the sane structure as FIG 1 except that a third
under | ayer 9 having an island-1like isolated 5
structure is formed between a second underlayer 4 and
per pendi cul ar magnetic recording layer 5. In one
enbodi nent, the third underlayer having the structure
in which netal grains are isolated in the form of

i slands can further decreasé tKe& grain 10 size of
magnetic crystal grains in the perpendicular nmagnetic
recording | ayer. Wien at |east one third underlayer

li ket Fhi BTS8P hstPYRAC1PRe netal grains interfere
with the growth of.cr al ,grains in_a layer formed an
the thi r o GnAgrTaysh, 26 t he or JaPAr™gFal neot8 gpppedium

can Q@Cmgésghe@aﬁéagpkgc%géhgs ﬂ?i&@dloéxw{)g‘égggghs

third wunderlayer as descri bed above is a ne

deposhiidguiqa¥eiyythi 8 hayehqofinans aRREOPE kat es8eLaky
el ement on the second underl ayer containing Cu and 20

ni trogencasrani s conpodehéswedn onceceshadun@Btlayer 4 and
exanpl es of the netal elenent are Ag, Au, Pt, Pd, Ir,

Co, poadpérdidhese megadt et enentsdrag eageryS5form an
island-1i ke isolated structure on the second

under | ayefnconeatmbagimanandthet Foged asdanilavegshaving

conmponents. \Wether the third underlayer has the ,
isIa%@gl?REUCT%B?a%%dwgf?%cT%F%lc%ﬁab%scﬁé%kéﬂoﬁﬁFed in

$Eﬁithgb§§£%lg9 g&lénégecggdkgy%gggtaggrggsgskﬁg grain

size of magnetic crystal grains in the perpendicular
magnetic recording layer. When at least one third
underlayer like this i1s inserted, the metal grains
interfere with the growth of crystal grains in a layer
formed on the third underlayer, so the crystal grain
size can decrease.

An example of the method of forming the third
underlayer as described above is a method of
depositing a very thin layer of an appropriate metal
element on the second underlayer containing Cu and
nitrogen as main components. In one embodiment,
examples of the metal element are Ag, Au, Pt, Pd, Ir,
Co, and Fe. These metal elements can easily form an
island-like isolated structure on the second
underlayer containing Cu and nitrogen as main
components.

Whether the third underlayer has the island-like

isolated structure can be checked by, e.g., observing
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I n one enbodi ment, the average grain size in the
third underlayer having the structure in which netal
grains are isolated in the formof islands can be 0.1
5to 1 nm(inclusive). If the average grain size is
less than 0.1 nm the effect of decreasing the grain
size of the magnetic crystal grains in the

per pendi cul ar nagnetic recording | ayer often becones
insignificant. If the average égaiﬁ Ssi ze exceeds 10 1
nm the nmetal crystal grains often aggregate to form
a continuous film thereby increasin@ the grain size

of tHE MEYEtT cSer 5PRIPYrafhldi & TRE- per pendi cul ar
magneti c %ecogding lﬁ er.flntgne enbodi ment . the : h
section obderVed U8 émgn‘15 EMSFIEHE ERPFR Size in the
und r LN t ' i.ch petal .grain
e R - R T
of Qydai0s Lapm {iochushve) . cHberopgi ght; 0l 2fhe EBLrde 0.1
under | ayer can be obtained by neasuring, as heights,

t he wh aneter sihdl bdhevd] r ect £ obh@0aperpgadyent ar st oet he
filmsurface of 20 island-l1ike netal grains by

sectional tH&EM Obsenvat tlon, e Afidlct avérdgchgat hegneasugedin
dianmeters. If the height of the third underlayer

havi#kze hef ©he veaaretin ehyvehat heraeral igrahas are
isolated in 25 the formof islands is snmaller than

0. 1 RAPEHE & FREIBF Hett eBSTREItRE §RAEPR SfzenoPeepmes
RN oS AoLEL, 01 P 15,11 e, per pendl oul ar eanet
the P%hgbttﬁé $£¥9frcrystal grains often aggregate to form
a continuous film, thereby increasing the grain size
of the magnetic crystal grains in the perpendicular
magnetic recording iayer.
In one embodiment, the section observed using a
TEM of the third underlayer having the structure in
which metal grains are isolated in the form of islands
can have a height of 0.1 to 1 nm (inclusive). The
height of the third underlayer can be obtained by
measuring, as heights, the diameters in the direction
perpendicular to the film surface of 20 island-like
metal grains by sectional TEM observation, and
averaging the measured diameters.
If the height of the third underlayer having the
structure in which the metal grains are isolated in
the form of islands is smaller than 0.1 nm, the effect

of decreasing the grain size of the magnetic crysteal

grains in the perpendicular magnetic recording layer
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than 1 nm the netal crystal grains often aggregate to
forma continuous film thereby increasing the grain

size of the magnetic crystal grains in the 5

per pendi cul ar magnetic recording |ayer. Furthernore,

the crystal alignnent of the perpendicular magnetic
recording | ayer can be inproved by inserting a
nonmagnetic interlayer between the nmultilayered
under | ayer and perpendi cul ar magnetic 10 recording

| ayer, e.g., between the third underlayer having the
structure in which the nmetal grains are isolated in

t he $0reR 07T ds" BN t hECPetr pendlf clrarhe halyhet $clarger
recordi ng | ayer, or between the nodified _|ayer and

per pehdi cul B nedneP et echrtir iy 957ers ﬁ%t%‘%(@g%r?%a%e to
sectd [ vi ' t fifth exanmple of th

o % e e b U acter g Tor The. B cden Irain

i nventjon, s Ashshowhdis F1 G 5.2 JRINELT £, regcor di ng

medi um 50 has the sanme structure as FIG 4 except

t hatp & 2o oAMBGNehd gnd i €1t aYeFq ddg | B2 §OF Med bet ween

a third wunderlayer 9 having a structure in which

netal grafusthareorspl atedcipsthe §dfgnoént sbandse and

a perpendi cul ar magnetic recording |layer S. An

exang ofdidiel momegnetic teyst@lngatayéal caf b@bimpeoved
nonmagnetic interlayer is Ru or Ti aligned in a

(000 P ve: 1 Mhes & @erEt 5l Gel 1t e Blayel-hritedemi the

t he netic crystal materials described above, and -

23 oo %W%Xt%d%%%x% A PR G her magnetic

per%%ﬂ%£§é&§g layer, e.g., between the third underlayer
having the structure in which the metal grains are
isolated in the form of islands and the perpendicular
magnetic recording layer, or between the modified
layer and perpendicular magnetic recording layer.

FIG. 5 is a sectional view showing the fifth
example of the magnetic recording medium according to
the present invention.

As shown in FIG. 5, a magnetic recording medium
50 has the same structure as FIG. 4 except that a
nonmagnetic interlayer 11 is formed between a third
underlayer 9 having a structure in which metal grains'
are isolated in the form of islands and a
perpendicular magnetic recording layer 5.

An example of the nonmagnetic crystal material of
the nonmagnetic interlayer is Ru or Ti aligned in a
(0001) plane. These elements well lattice-match with

the magnetic crystal materials described above, and
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magnetic recording layer. In one enbodi nent, a seed

| ayer can be forned between a soft nagnetic |ayer and
Cu underlayer in 5 order to inprove the (111) pl ane
alignment of crystal grains in the Cu underl ayer.
Exanpl es of the material of this seed |ayer are Pt

Pd, Ni, NNFe, Co, Ti, and TiN This alignnent contro
under| ayer need not be a layer_in direct contact with
the Cu underlayer. 10 FIG ©® i$°a partially expl oded
perspective view showi ng an exanple of a magnetic
recordi ng/ reproduci ng apparatus of the present

. P .
i NVt oi'PYOYE gifef neghittit Ut SKBANF of L i WEdraFPepdicular

recordiqg:accordin .to the present invention is fitted
e

15 on &' splicndTTeeC ed at a predeterm ned

fOtati°”&hu%8%§qe$wb§iﬁ8%99'§ £8r1%28£ 899“@%'f€%ﬂgd

slider 63 carrying a recordi ng head r accessi ng

nmagnediedi sk &t qdgeor d- i f o prad i e @nd, @0 MR, bead,

for reproducing information is attached to the distal

20 enbiaef o stigpesisd othd4(whi chpisn@ dhighhead SPrépgscal
The suspension 64 connects to one end of an arm 65
havigwpires g.n hddbbiundarlheoddi ngEaamtks 1 &s Ngf ciohé faoérial
shown). A voice coil notor 66 as a kind of a |inear

nmot o1t T5LY sserd alohierl tare het otPdr ¥hd BiFe heCar T 55.and
The voice coil nmptor 66 includes the driving coi

( notT Show bt HrttiHd FHEE Hobbi Rl 1 ¥RE ateres ke a
203’%%2}%%/81@ ciziArreCCtI rccouﬂgagtavv!lptqn atkpeeré]?n&?éep?agygg. and

FIG. 6 is a partially exploded perspective vieQ
showing an example of a magnetic recording/reproducing
apparatus of the present invention.

A rigid magnetic disk 61 for information
recording according to the present invention is fitted
on a spindle 62 and rotated at a predetermined
rotational speed by a spindle motor (not shown). A
slider 63 carrying a recording head for accessing the
magnetic disk 61 to record information and an MR head
for reproducing information is attached to the distal
end of a suspension 64 which is a thin leaf spring.
The suspension 64 connects to one end of an arm 65
having, e.g., a bobbin for holding a driving coil (not
shown) .

A voice coll motor 66 as a kind of a linear motor
1s attached to the other end of the arm 65. The voice
coll motor 66 includes the driving coil (not shown)

wound around the bobbin of the arm 65, and a magnetic
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whi ch oppose each other to sandw ch the driving coi
between them Ball bearings (not shown) forned in two,
upper 5 and | ower portions of a fixed shaft 67 hold
the arm 65, and the voice coil notor 66 pivots the
arm65. That is, the voice coil notor 66 controls the
position of the slider 63 on the magnetic disk 61.
Reference nuneral 68 in FIG 6 denotes a lid. 10 The
present invention will be descffbed in nore detai
bel ow by way of its exanples. Exanple 1 A 2.5-inch
nonmagneti c gl ass substrate (TS-10SX manufactured bz
ohar@)* Fav rep ¥ Hed s%a?)%rr@n%n%am@g@%kan@Lscm@ter yoke

prepared. This substrate was |oaded into a v
chaﬁ“’gélrcCL SIPRP IS 3AY s ﬁ?‘?%r?%gs%\rb ‘%ﬁr%kf us" Fre ﬁi“éﬂ%r%ﬂll

by B r the vacuum chanber of the sputtering
20 é%%géa ugﬁ&%g evacuated to 1 x 10-5 Pa or less, a

100- nm t hi ek1 GOOLKY ANBS (f i1 mmas, f owPﬂeas é%iggpcoer

magnetic |ayer, and he substrate was eate

by usidigidwed fdaf Bshd amp et ela Jhen: 67 1Ss1vn Lk Chkrm
Cu filmwas formed as a first 25 underlayer on the

sof teagned i thed ayerce AEd £ rhdreo £ 08 frap i wve ©f t i di Sriffues .

film the Cu surface was reversely sputtered, and

ni t ridteetn was U5 doberl ¢otb nidteosus b acentegl ontlod pheition

< kﬁyeghécgffgég 63 on the magnetic disk 61. Reference
numeral 68 in FIG. © denotes a lid.

The present invention will be described in more
detail below by way of its examples.
Example 1

A 2.5-inch nonmagnetic glass substrate (TS-10SX
manufactured by ohara) having the shape of a hard disk
was prepared.

This substrate was loaded into a vacuum chamber
of a ¢c-3010 sputtering apparatus manufactured by
anelva.

After the vacuum chamber of the sputtering
apparatus was evacuated to 1 x 1079 Pa or less, a
100-nm-thick CogpZrgNby film was formed as a soft
magnetic layer, and the substrate was heated to 180°C
by using an infrared lamp heater.

Then, a 15-nm thick Cu film was formed as a first
underlayer on the soft magnetic layer.

After the formation of this Cu film, the Cu

surface was reversely sputtered, and nitrogen was
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a second underl ayer. The reverse sputtering to the Cu
surface was perfornmed by applying 70-WRF power to the
Cu surface for 5 sec in a 3-Pa nitrogen anbient. 5
After that, a 15-nmthick (Co78-Cr10-Pt12)- 10 nmol %
S filmwas fornmed as a perpendi cul ar magnetic
recording | ayer. Subsequently, a 5-nmthick C filmwas
fornmed as a protective layer. 10 The surface of the
protective |ayer was then coated With a 13- A-thick
per fl uoropol yether (PFPE) |ubricating agent to forma
Iubrlcat|ng | ayer by dipping, thereby obtaining a
nmagn&fpPed réEBPdFH@ SHéH?GﬁerSlTﬁeoébFﬁﬁngﬁ ﬁﬁgﬁétF@ form

di di truct Fl
Al L hBURCPT G "5 EhGTE o ?ngf%g%?‘és“rﬁﬁygierﬁaeetphalhe cy

t he
and

FORCEE: S LT AT 10 8 BB o on

presgyr esr05£8. zor0575eé’1ﬁng Q. Eapﬁl@¥oﬁéhngmble t,
Co90Zr 5Nb5, Cu, (0078-Cr10-Pt12)-10 nolo Si@2, and C

targets, negspecthvelya Ibenmnau&cmoweb 75e.ceggh skgnget

was

1,000 W The fine structure of the obtalned

magnéfi nol25Siegofdimgwasdifummaddaanaapetragadieystal
grain size dMag of the perpendicul ar magnetic
recordgngtiayeecondiegobsgrved and measured on the

pl ane and section b

using a transmn ssion

el ectron ﬁPEFSgéﬁﬁéXQTE®D5éPmaﬁ ick C film was formed as a

protective layer.

The surface of the proteétive layer was then
coated with a 13-A-thick perfluoropolyether (PFPE)
lubricating agent to form a lubricating layer by
dipping, thereby obtaining a magnetic recording
medium.

The obtained magnetic recording medium had the
same structure as FIG. 3 although FIG. 3 shows no
lubricating layer.

Note that the CogpZrsNbg, Cu, (Co7g-Crip-Ptip)-
10 mol% Si0Op, and C films were formed by DC sputtering
at Ar pressures of 0.7, 0.7, 5, and 0.7 Pa by using
CogpZrgNbg, Cu, (Co7g-Crip-Pt12)-10 mols Si0p, and C
targets, respectively. The input power to each target
was 1,000 W.

The fine structure of the obtained magnetic
recording medium and an average crystal grain size
dMag of the perpendicular magnetic recording layer

were observed and measured on the plane and section by
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accel eration voltage of 400 kV. The distributions of
Cu and nitrogen atons in the direction of depth of
each nmagnetic recordi ng medium5 were neasured by
secondary ion nmass spectronetry (SIMS) using Cs+
ions. The crystal alignnent plane of each |ayer and an
al i gnnent di spersion A050 in the (0001) plane of the
crystal grains in the perpendicul ar magnetic recording
10 | ayer were neasured by a~0-20 ne&thod and rocking
curve, respectively, by using an X-ray diffraction
apparatus X pert-NMRD manufactured by Philips of the
Net He?+&hd3. t%%%S@&VVEﬂ%r%E?%FF%?uElSFOFﬁapﬁaéFEW at an

di 15.
B e R T §§| 570l s hdad hving a

recor dingr, Lragk, W dhbi0hs0-3 B and aa.MB.baad vl og the

a reproduc ion trac pm was used as

nmagne! £ head. o 20adhen measus enenk M@gleegéewagngnm@dlum
fixed radial position of 20 nn1m%| l e the di sk was

r ot a &6 ahea 4u288 HFPMEcASnaafpdi um SARs tpecvabuetref, a
signal-to-noise ratio (SNRM (S is the output at a

| i neasIMeronsging C25 density of 119 kfci, and Nmis

the value of rnms [root nmean square] at 716 kfci) of a
differentThf eaveratnplhavinAagtpassed phreagh aayer and an

dlfferentlatlng circuit 8 27 - neasured,
alignment dispersion AbBggp in the (0001) plane of the

crystal grains in the perpendicular magnetic recording
layer were measured by a 6-26 method and rocking
curve, respectively, by using an X-ray diffraction
apparatus X'pert-MRD manufactured by Philips of the
Netherlands.

The R/W characteristic of the magnetic recording
medium was checked by using a spin stand. A
combination of a single pole head having a recording
track width of 0.3 pum and an MR head having a
reproduction track width of 0.2 um was used as a
magnetic head.

The measurement was performed in a fixed radial
position of 20 mm while the disk was rotated at
4,200 rpm.

As a medium SNR, the value of a signal-to-noise
ratio (SNRm) (S is the output at a linear recording
density of 119 kfci, and Nm is the value of rms [root
mean square] at 716 kfci) of a differential waveform

having passed through a differentiating circuit was
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Table 1 bel ow shows the average crystal grain size
dvag of the perpendi cul ar magnetic recording | ayer,
the alignment dispersion A050 in the (0001) 5 plane of
t he perpendi cul ar magnetic recording |layer, and the
R/'Wcharacteristic of the perpendi cular mnmagnetic
recordi ng nedium Conparative Exanple 1 Follow ng the
same procedure as in Exanple 1, a 10 soft nmagnetic

| ayer was formed on a 2.5-inch4/nonmagnetic gl ass
substrate having the shape of a hard disk. A 10-nm
thick Ta film 5-nmthick Pt film and 20-nmthick Ru
filrﬁﬁﬁﬁ%ﬂ%%quentially formed on the 15 soft nmagnetic

| ayer. Then, a 15- thlck C078-Cr10-Pt12)-10 lo_ .
Si fllnTﬁBEefﬁrﬁ% OﬁsSBOW%eFB%n@ Yeufdr ﬁ%éﬁ@??ograln

ool A PR B SR,

was ?OFITE ace S coa ed w

Iubr ng e n as, i
IS ATERL ile EDBGE gL 0 0 BB

(®7§193400Pt 129 - 4Or poh @i Sh(Br RAGn& {E] ﬁ@e&\@@@n@ Of[ﬁ@é‘r,
by DC sputtering at Ar pressures of 0.7, 0.7, 0.7

5, amtdOtHe PR/bychist agt £09€7t 5NbB, tHa, p§TpeﬁMlc25ar

(Co78-Cr10-Pt12)-10 nolo Si2, and C targets,

respezgneely. rgherdhputnpdiven. t o each target was

1,000 W 28 Also, following the sanme procedures as in
Comparative Example 1

Following the same procedure as in Example 1, a
soft magnetic layer was formed on a 2.5-inch
nonmagnetic glass substrate having the shape of a hard
disk.

A 10-nm thick Ta film, S5-nm-thick Pt film, and
20-nm thick Ru film were sequentially formed on the
soft magnetic layer. Then, a 15-nm-thick
(Co7g-Cr1p-Pt12)-10 mol% SiOp film was formed as a
perpendicular magnetic recording layer, and a
S5-nm-thick C protective layer was formed. After that,
the surface was coated with a lubricating agent in the
same manner as in Example 1.

Note that the CogpZrgNbg, Ta, Pt, Ru,
(Coyg-Crqg-Ptq12)-10 mol% SiOp, and C films were formed
by DC sputtering at Ar pressures of 0.7, 0.7, 0.7, 5,
5, and 0.7 Pa by using CogpZrgNbg, Ta, Pﬁ, Ru,
(Co7g-Crqp-Pt12)-10 mol% SiOp, and C targets,

respectively. The input power to each target was

1,000 w.
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Exanpl e 1, the nmeasurements using a TEM SIMs, and
X-ray diffraction apparatus and the RFWcharacteristic
test were performed, and the dMag, A050, and nmedi um 5
SNR wer e obtained. Conparative Exanple 2 A

per pendi cul ar magnetic recordi ng medi um was obt ai ned
follow ng the sanme procedures as in Conparative
Exanpl e 1 except that Ru was changed to 10 RU-10 nol o
Si 2. The Ru-10 nol % Si 2 f7l nfhas™formed by DC
sputtering at an input power of 1,000 Wand an Ar
pressure of 5 P usi ng. an Ru-10 nol % Si O2 t arget.

Al so, folﬁ\’iﬁ/\?ngg?ﬁio‘gja% PPOCRUUT BT QSIS ERampl e

PR N PN TR U L3 SR g

1,
di ffTaction dpparatus an c

wer g JFHi aé!%%ﬁrgbﬁwgghué($ﬁ@3@g% %?ﬁigﬂéré%ggristic

wer e obt'ai ned. Conparative Exanple

per pedghi G & PBagnetndd ) esod di g AR UMEBS, and medium
manuf actured follow ng the sanme procedures as in
Exampire e excgptaihed. a Cu underl ayer as a first

under| ayer was changed to a 15-nmthick Ru underl ayer.
Af t etonigrer Ruife [Emamsld o2 med on a soft magnetic 25

| ayer, reverse sputtering, perpendicular magnetic

recor di ng® | R§EPedF prat @ brinaprot tet Feecrayes Todkalni oAs
and | ubrj cat i%%]t agent coating were sequentially 29

per fR TR TD L0 et T18° riRbdT o mgt Predt ubw

Comparative Example 1 except that Ru was changed to
Ru-10 mol% SiOj.

The Ru-10 mol% Si0p film was formed by DC
sputtering at an input power of 1,000 W and an Ar
pressure of 5 Pa by using an Ru-10 mol% Si0Op target.

Also, following the samé procedures as in
Example 1, the measurements using a TEM, SIMS, and
X-ray diffraction apparatus and the R/W characteristic
test were performed, and the dMag, A95o, and medium
SNR were obtained.

Comparative Example 3

A perpendicular magnetic recording medium was
manufactured following the same procedures as in
Example 1 except that a Cu underlayer as a first
underlayer was changed to a 15-nm-thick Ru underlayer.

After the Ru film was formed on a soft magnetic
layer, reverse sputtering, perpendicular magnetic
recording layer formation, protective layer formation,

and lubricating agent coating were sequentially
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Al so, follow ng the sane procedures as in Exanple 1,
the nmeasurenents using a TEM SIM5, and X-ray

di ffraction apparatus and the RFWcharacteristic 5
test were perfornmed, and the dvag, AO050, and medi um
SNR wer e obtai ned. Conparative Exanple 4 A magnetic
recordi ng nedi um was nmanufactured follow ng the sane
procedures as in Exanple 1 except 10 that no reverse
sputtering was perfornmed on"thé?Cu-surface of a first
under| ayer. Also, follow ng the sanme procedures as in
Exanple_ 1, the neasurenents using a TEM  SIMS, and
X- 1 ST EPFFFAct P o hppar at N&9BAHLFhEeRPFLNG medium.

h terjsti 15 f d, and the dpag,
A0S0 and”HE81 UkE SKRYGEr 61 feaelPeHCTRACF REOrSI AL 1] ce

di st Lf ' t

obt o REP TECH ot bebehe b e aPh bRERY' BrBle $rvse. pae

pat ter pg, i A; pkapar 1 8Rdaggsthenal o TEM R0 Rm@g@ﬁaggcfgg?istic

crystal grains in the nmagnetic recording layers o

Exanp et lvand fopparatiyeakyanpkeavdgl 0Ad:z;, and medium
Consequently, the crystal grains in the nagnetic

r eco®ik nge rayepsahadda hexagonal cl ose-packed
structure. 25 Also, the inter-lattice distance was

eval Gamedrat roen Bkampdet fon spots obtai ned from

sel ected-area electron beamdiffraction patterns in
pl anar anfl M280tsectFERAFITEMIFHAYBsYEF FRBUERCtUred
undegéﬁyers of

owing tggagg%g procedures as in Example 1 except
that no reverse sputtering was performed on the Cu
surface of a first underlayer.

Also, following the same procedures as in Example
1, the measurements using a TEM, SIMS, and X-ray
diffraction apparatus and the R/W characteristic test
were performed, and the dMag, A6gg, and medium SNR
were measured.

The inter-lattice distance was evaluated from
diffraction spots obtained from selected-area electron
beam diffraction patterns in planar and sectional TEM
images of the crystal grains in the magnetic recording
layers of Example 1 and Comparative Examples 1 to 4.
Consequently, the crystal grains in the magnetic
recording layers had a hexagonal close-packed
structure.

Also, the inter-lattice distance was evaluated
from diffraction spots obtained from selected-area

electron beam diffraction patterns in planar and
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1 and Conparative Exanple 4. Consequently, the Cu
crystal grains in the Cu underlayers had a
face-centered cubic lattice structure. 5 Eval uations
of Results by X-Ray Diffraction Apparatus (XRD) The
magnetic crystal grains in the magnetic recording

| ayer of any of Exanple 1 and Conparative Exanples 1
to 4 had the hcp structure and were aligned 10 in the
(0001) plane, i.e., perpendicuféarly aligned. The Cu
crystal grains in the Cu underlayer of each of
Exanple 1 and Conparative Exanple 4 had the fcc

st r TR TF e e el 9medt | e Heu (Undgr ppupes of Example

ResuJ ts of _Planar. TEM Cbservation 15 The perpendi cul ar
gt TR rSUE T o TayBr b ¢ hb per peREReR oY, the Cu

magnet i cor di dium of any o Exanple 1 and
Corrp%r%%%/f(; %xaalrr% ejgl?lt}%% ® hal %r*ag}(%%%r}g?gs? ructure.

The f%@&én@é:é&%&@f@'li@’i@%sﬁi’ £ QP 20 indicates
that a 1-nmthick second underlayer having a

di f feFenia€oos ast £OSHELs 0By ther Gy tNFeFd Y esn OhpbhLatus
medi um of Exanple 1. By contrast, no such second

undetX®yer was found in Conparative Exanples 1 to 4.
Results of SIMS 25 In Exanple 1, a layer containing Cu
and N as Feé¢ magoaponent gstal npda bes weenthbemagnetic
per pendi cul ar magnetic recording |layer and Cu
undef¢@edindol aYRh Phyxry vias Exa1ple olnand nCemea pebl ve

of Conparative Exanples 1 to 4.
E£§hples 1 to Jn%ad the hcp structure and were aligned

in the (0001) plane, i.e., perpendicularly aligned.

The Cu crystal grains in the Cu underlayer of
each of Example 1 and Comparative Example 4 had the
fcc structure and were aligned in the (111) plane.
Results of Planar TEM Observation

The perpendicular magnetic recording layer of the
perpendicular magnetic recording medium of any of
Example 1 and Comparative Examples 1 to 4 had a
granular structure.

The results of sectional TEM observation
indicates that a 1-nm thick second underlayer having a
different contrast formed on the Cu underlayer of the
medium of Example 1. By contrast, no such second
underlayer was found in Comparative Examples 1 to 4.
Results of SIMS

In Example 1, & layer containing Cu and N as main
components formed between the perpendicular magnetic

recording layer and Cu underlayer. No such layer was
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Table 1 shows the average crystal grain size dMag,
0050, and SNR of the perpendi cul ar magnetic recording
| ayer of each magnetic recording nedium 5 Table 1
dvag(nm A0, 500) SNR(dB) Exanple 1 7.9 5.0 17.0
Conparative 9.1 6.1 14.3 Exanple 1 Conparative 8.6
7.0 14.0 Exanple 2 Conparative 9.5 6.0 13.6 Exanple
3 Conparative 10.0 5.1 13.1 Exanple 4 A conparison of
Exanple 1 with Conparative ~Exdhpl&s 1 and 2 shows
that the perpendi cul ar magnetic 10 recordi ng nedi um
of the present invention was superior to the
conviéitidnat %%.%eqiha afy %@mra@é%a%% Erappeesavefage-
decrease in the _alignnment

crystal e dvh
d gzersi e S e e osheReSe Ak s o dnE Sl e

t . .
per RORSL CUA, Toget s SPALLARIEN SR pagnersc

shows. thats ywhen, fbe o @Q@ﬁrﬁggﬁéty@srecording medium.

Table 1
dMag (nm) |AB5q (°) | SNR (dB)
Example 1 7.9 5.0 17.0
Comparative
9.1 6.1 14.3
Example 1
Comparative
8.6 7.0 14.0
Example 2
Comparative
9.5 6.0 13.6
Example 3
Comparative
10.0 5.1 13.1
Example 4

A comparison of Example 1 with Comparative
Examples 1 and 2 shows that the perpendicular magnetic
recording medium of the present invention was superior
to the conventional media in any of decrease in the
average crystal grain size dMag, decrease in the
alignment dispersion ABg5g, and increase in the SNR of
the perpendicular magnetic recording layer.

A comparison of Example 1 with Comparative
Example 3 shows that when the Cu underlayer was
replaced with the Ru underlayer, neither the effect of
noticeably decreasing the average crystal grain size
dMag nor the remarkable increase in SNR was obtained
unlike in the present invention.

A comparison of Example 1 with Comparative
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replaced with the Ru underlayer, neither the effect of
noti ceably decreasing the average crystal grain size
dvag nor the remarkabl e i ncrease in SNR was obtai ned
20 unlike in the present invention. A conparison of
Exanple 1 with Conparative - 32 Exanples 4 and 5
denonstrates that when no second underl ayer
containing Cu and N as main conponents was forned on
the Cu underl ayer, neither the3éffect of

conspi cuously decreasing the average crystal grain 5
si ze dMvag nor the notable increase in SNR was obtai ned
unl i kKTl ¢ hed predent dPHORAE FORe S EXAADl shonMedi acwend
manuf a tuied follomﬁng%the sane Brocedures as in

Exanpte it a%xeeptothat "the reverdel 18 Bpiubt ePPRGNENRR Was
was changed fromi1.to 120 sec. Al so,. follow n he
saneg%?%%gd%?e%h%sc?nuﬁégﬁpf%eij ?%%thﬁﬁagﬁ?egéﬁ?gt of
usin . , - i ff j t .

o ST Dot IS LAY L S9EEL00, pR0BELE Ui

the €Mag, add§0noANEh aedbah BNR MEFEade OBt 8liReHas THBtained
inter-lattice distance was evaluated from diffraction

spotsnbbkai hed: fie oprsetect edvaneaorl ectron beam
diffraction patterns in planar and sectional TEM

i mgesample he crystal grains in nagnetic recording 20
| ayers. Consequently, the crystal grains in the
magnet i ¢ Yeebrdragel ayersanhdradhégagornanactbsespaeked

structure. _
procedures as in Example 1 except that the reverse

sputtering time was changed from 1 to 120 sec. Also,
following the same procedures as in Example 1, the
measurements using a TEM, SIMS, and X-ray diffraction
apparatus and the R/W characteristic test were
performed, and the dMag, ABg5g, and medium SNR were
obtained.

The inter-lattice distance was evaluated from
diffraction spots obtained from selected-area electron
beam diffraction patterns in planar and sectional TEM
images of the crystal grains in magnetic recording
layers. Consequently, the crystal grains in the
magnetic recording layers had a hexagonal close-packed
structure.

Also, the inter-lattice distance was evaluated
from diffraction spots obtained from selected-area
electron beam diffraction patterns in planar and
sectional TEM images of Cu underlayers. Consequently,

the Cu crystal grains in the Cu underlayers had a
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Also, the inter-lattice distance was evaluated from
diffraction spots obtained fromsel ected-area 25

el ectron beamdiffraction patterns in planar and
sectional TEM i mages of Cu underlayers. Consequently,
the Cu crystal grains in the Cu underlayers had a - 33
- face-centered cubic lattice structure. Results of
XRD Measurenments The nagnetic crystal grains in the
magnetic recording | ayer of ea&ch perpendicul ar
magnetic 5 recording nedlun1had the hcp structure and
were_aligned in the 0001% pl ane. The Cu crystal
gralﬁ§c?nc?%Ee€ﬁ ufRbBtFaydF to6Fe 8REHCpEFBendi cul ar
nagngtlc ecor k?ﬁ Medlunghad the fcc structure and
wer e aflgn%d e (111} BFaﬁS 10 Results of Pl anar

TEM Cbser¥ﬁ&'ﬂQgIQ%lgnggggéﬁ ?51H§9”ﬁtk%er%%§%%kg

| ayer of eac er pend gnetlc recordin

had gccgrapd aiaﬁégusssugsch%éybgﬁd%u@sgt h8Bak TEM
Qbservation t hi ckness of a second undérl ayer on

the Ldcovades| ayeiuahnagedntr papOstouddunm thackuskve)
in accordance with the reverse sputtering tinme.
Resuéi sgoédSiMBtihel ageflcopianaing Cu and N as main
conponents 20 was fornmed between the perpendicul ar
magneti c ThecerdrnyskayeprapdsCinutder Cayendeplleger7of
8, and 9 are graphs_respectively show ng
each perpéndilcular magnetic” recording medium had the
fcc structure and were aligned in the (111) plane.
Results of Planar TEM Observation

The perpendicular magnetic recording layer of
each perpendicular magnetic recording medium had a
granular structure.

Results of Sectional TEM Observation

The thickness of a second underlayer on the Cu
underlayer changed from 0 to 14 nm (inclusive) in
accordance with the reverse sputtering time.

Results of SIMS

A layer containing Cu and N as main components
was formed between the perpendicular magnetic
recording layer and Cu underlavyer.

FIGS. 7, 8, and 9 are graphs respectively showing
the relationship between the thickness of the second
underlayer containing Cu and N as main components and
the dMag, the relationship between the thickness of

the second underlayer containing Cu and N as main

components and the A95O, and the relationship between
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the relationship between the thickness of the second
underl ayer containing Cu and N as mai n conponents and
25 the dvag, the relationship between the thickness of
t he second underl ayer containing Cu and N as main
conponents and the A050, and the relationship between
34 the thickness of the second underl ayer containing
Cu and N as main conponents and the SNR. As shown in
FIGS. 7 to 9, the SNR noticeabP§y increased when the

t hi ckness of the second underlayer 5 containing Cu
and N as main conponents was 0.1 to 4 nm (inclusive).
Exafdi%e B pemf ciltars srgiet i ede eborel meemerli vhng Cu
was gggﬁined follow ng the sa rocedures as in
Exaril 23 "B Pt RIHE " S fiPmwas forned as a

third unq§ 'é&%%nofhapf§§9n9 ygdgrléygrSNﬁng?g%%%ably

per pendi cul ar ~nmagnetic tecording' | ayer™ was d

af t e dhatsdd il @ﬁﬁ“%ﬂ?ﬁ%ﬁgs§aafnUE%@Q%&%&&%ﬁ%%%}ayer

10 is a sectional view schematically show ng

st r usny=£ rofnd e etaineds pes pendbgid @dnt @ I€.1 to 4 nm
recordi ng medium As shown in FIG 10, a perpendicul ar
magnetriccl usiecor.di ng medi um 60 had the same structure

as FIG 4 except that a protective |layer 6 and a

| ubrixaatd ey 20 | ayer (not shown) were formed on a

magnetic recording layer 5 Note that the Ag third
underlayé}I%%EP? h%@l%@ magnetic recording medium was

obtained following the same procedures as in Example 1
except that an Ag film was formed as a third
underlayer on a second underlayer, and a perpendicular
magnetic recording layer was formed after that in the
same manner as in Example 1.

FIG. 10 is a sectional view schematically showing
the structure of the obtained perpendicular magnetic
recording medium.

As shown in FIG. 10, a perpendicular magnetic
recording medium 60 had the same structure as FIG. 4
except that a protective layer 6 and a lubricating
layer (not shown) were formed on a magnetic recording
layer 5.

Note that the Ag third underlayer was formed by
DC sputtering by using an Ag target at a film
formation rate of 0.05 nm/s as a value for a
continuous film for a film formation time of 4 sec.

In addition, media using Au, Pt, Pdg, Ir, Co, and

Fe instead of Ag as third underlayers were
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DC sputtering by using an Ag target at a film
formation rate of 0.05 nms as a value for a 25
continuous filmfor a filmformation tine of 4 sec.

In addition, nedia using Au, Pt, Pd, Ir, Co, and Fe
instead of Ag as third underlayers were 35 -

manuf actured. Al so, follow ng the sane procedures as
in Exanple 1, the measurenents using a TEM SIMs, and
X-ray diffraction apparatus”anéPthe R'Wcharacteristic
5 test were perforned, and the dMvag, A050, and medium
SNR wer e_obt ai ned. Conparative Exanple 5 A

per pEATH fAf &t erﬁlagnetl c recordi ng nmedi um was obt ai ned

S B e A R R 1
h I
(N1 gy |20 P AL vt Ltbe, sape smpgcrge

f or ned.- Af tef s £:haty ; dYedi & Usi g Athd Pthe Fi@'/w Iéhalcé)ct@f'ijstlc

Fe instead of 15 Ag as third underlayers were also

manufaot Uieth pdtifdRRSdDrénd fold oy, tA® $amhd medium
procedures as in Exanple 1, the measurenments using a

TEM SNl Mg rantbtaénay. di ffracti on apparatus and the
R'Wcharacteristic test were perforned, and the dMag,
AOQ50; orerpair aiteici @B >0 SNR wer e obt ai ned.  Conparati ve

Exanpl e 6 A perpendi cul ar magnetic recordi ng nedi um
was A perpendicular magnetic recording medium was

obtained following the same procedures as in
Comparative Example 1 except that an Ag film was
formed as a third underlayer on an Ru layer in the
same manner as in Example 3, and a magnetic recording
layer was formed after that.

Media using Au, Pt, Pd, Ir, Co, and Fe instead of
Ag as third underlayers were also manufactured.

Furthermore, following the same procedures as in
Example 1, the measurements using a TEM, SIMS, and
X-ray diffraction apparatus and the R/W characteristic
test were performed, and the dMag, ABgp, and medium
SNR were obtained.
Comparative Example 6

A perpendicular magnetic recording medium was
obtained following the same procedures as in
Comparative Example 2 except that an Ag film was
formed as a third underlayer on an Ru-10 mol% SiOy
layer in the same manner as in Example 3, and a

magnetic recording layer was formed after that.
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obtained follow ng the sane procedures as in
Conparative Exanple 2 except that an Ag filmwas 25
formed as a third underlayer on an Ru-10 nol % Si Q2

| ayer in the same manner as in Exanple 3, and a
magnetic recording |ayer was fornmed after that. 36
Medi a using Au, Pt, Pd, Ir, Co, and Fe instead of Ag
as third underl ayers were al so_manuf act ur ed.
Furthernore, followi ng the Samé®procedures as in
Exanpl e 1, the nmeasurenments using a TEM SIMS, and 5
X-ray diffraction apparatus and the R Wcharacteristic
test wer @19et3 of e And The Bhaglr A0S0, amd hedigfiead of

SNR t.ai ned. . Co ti Ex le 7 A
o G T T P S T o e e orec

bt ai ned f ' h C res as in_ . .
8nnggPZti%égéggﬁéﬁkége%§€£€¥9§ﬁaf %ns %ef?f%%%%%res as 1in
formethmgs & 1 hiditk ynderlayer,on ay Ry 1 ayes i drfide onq

same manner as in Exanple 3, and a nmagnetic recording
| ayer-rms diorfecafderagdiatar dd MpdighaIst g Marfseristic

Pd, Ir, Co, and Fe instead of Ag as third underl ayers
wer e e tsovamnyfeacianmed, dnd titer miNgg, fA0d QWA teedium
same procedures as in Exanple 1, the neasurenents
usi rig'fa WEENM BitvSinethd X-ray diffracti on apparat us
and the RRWcharacteristic 20 test were perforned,
and GG, VOEBRMRIRI Tredi um  SNR wer e obt ai ned.
CD”parat5¥%x5§§§§ﬁfE§Har magnetic recording medium was
obtained following the same procedures as in
Comparative Example 3 except that an Ag film was
formed as a third underlayer on an Ru layer in the
same manner as in Example 3, and a magnetic recording
layer waé formed after that.
Media using Au, Pt, Pd, Ir, Co, and Fe instead of
Ag as third underlayers were also manufactured.
Furthermore, following the same procedures as in
Example 1, the measurements using a TEM, SIMS, and
X-ray diffraction apparatus and the R/W characteristic
test were performed, and the dMag, A95O, and medium
SNR were obtained.
Comparative Example 8
A perpendicular magnetic recording medium was
obtained following the same procedures as in
Comparative Example 4 except that an Ag film was

formed as a third underlayer on a Cu layer in the same

manner as in Example 3, and a magnetic recording layer
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A perpendi cul ar magnetic recordi ng nmedi um was

obt ai ned foll owi ng the sane procedures as in 25
Conparative Exanple 4 except that an Ag fil mwas
formed as a third underlayer on a Cu |ayer in the sane
manner as in Exanple 3, and a magnetic recording |ayer
- 37 was forned after that. Media using Au, Pt, Pd,
Ir, Co, and Fe instead of Ag as third underl ayers
were al so manufactured. Furthéfnore, followi ng the
sanme procedures as in 5 Exanple 1, the neasurenents

using a TE I an X-ray diffraction apparatus
and‘?‘?ﬁs%@‘%%ﬁa&?%r&ﬂc test were perforned, and

t he dMag, - u e ebtained,. T
inter-laI%%%gngg?g%ggghag%éi%?%:féﬂ ??bn%gg re fistead o

di f fAactd on, Spots, abt Bl neds from sel £6t.edy af ea- gl &gt ron
beamdi ffraction patterns in planar and sectional TEM

i mages of rhhen&rystal goaiosihg the sagoebiecéeepedi g in
| ayers. Consequently, the crystal grains in the

magrestanp Yechy ding rhayerserhat: a1 hekagondlEld) 0SB packed

15 structure. Also, the inter-lattice distance was
evalXratad diforadi f9n aarpone Spdtandbie NV felomracteristic
sel ected-area electron beamdiffraction patterns in

pl ane®s e r S R § Tale TEM T Grelges Paghetlap, and medium

unde yers. 20 Consequently, the Cu crystal grains in
t he %ﬁﬁﬁﬂ%@ﬁ&ﬁ%e ad a face-centered cubic lattice

The inter-lattice distance was evaluated from
diffraction spots obtained from selected-area electron
beam diffraction patterns in planar and sectional TEM
images of the crystal grains in the magnetic recording
layers. Consequently, the crystal grains in the
magnetic recording layers had a hexagonal close-packed
structure.

Also, the inter-lattice distance was evaluated
from diffraction spots obtained from selected-area
electron beam diffraction patterns in planar and
sectional TEM images of the Cu underlavers.
Consequently, the Cu crystal grains in the Cu
underlayers had a face-centered cubic lattice
structure.

Results of XRD Measurements

The magnetic crystal grains in the magnetic
recording layer of each perpendicular magnetic
recording medium had the hcp structure and were

aligned in the (0001) plane.
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structure. Results of XRD Measurenents The magnetic
crystal grains in the nmagnetic 25 recording |ayer of
each perpendi cul ar magnetic recordi ng medi um had the
hcp structure and were aligned in the (0001) plane.
The Cu crystal grains in the Cu underlayer of each of
Exanpl e 3 and Conparative Exanple 8 had the fcc
structure and were aligned in the (111) pl ane.

Resul ts of Planar TEM Cbservatfon 5 The perpendicul ar
magneti c recording |ayer of each perpendicul ar

magneti {@gg?gin%¥$§%grg%%£§%ging{ﬁ$u grugtéyf%g£§'of

Iﬂetresul 'S servati oh i ndica
a ' . .
10" ot S o T R T e Fr b SR T

of Exanplier Z-r N suich weconsh | ayenhavas f oungl be .

the other nedia. Results of SIMS A | ayer containing
Cu amgk\N @&s omi . seporemtsbsdbvdorsered bet ween the
recordi ng layer and Cu underlayer of the nedi um of
Exanpl e 3Thé&opsucéndayetanasafdoendc racthdinghéayer of
nmedi a. Results of Sectional TEM Cbservation A

0. 3-eavh hhekrd ayesu hadanadn gyl gr e ¢Rr f 5oy afedl wpohed 2
the formof islands fornmed between the second
undeFfayete eont BEATWEE Cu and N as mai n conponents . and

t he perpendi cul ar. magnet i [ . .
Perp The resultsgo§tggc fgggglgnggggérggtggg indicate

that a l-nm-thick second underlayer having a different
contrast formed on the Cu underlayer of the medium of
Example 3. No such second underlayer was found in the
other media.
Results of SIMS

A layer containing Cu and N as main components
formed between the recording layer and Cu underlayer
of the medium of Example 3. No such layer was found
in the other media.
Results of Sectional TEM Observation

A 0.3-nm-thick layer made of Ag grains isolated
in the form of islands formed between the second
underlayer containing Cu and N as main components and
the perpendicular magnetic recording layer of the
medium of Example 3. The results of planar TEM
observation indicate that the average crystal grain
size in the Cu underlayer was about 12 nm. Since the
average grain size of the Ag grains was smaller than

that in the Cu underlayer, this layer was a third
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15

medi um of Exanple 3. The results of planar TEM
observation indicate that the average crystal grain 25
size in the Cu underlayer was about 12 nm Since the
average grain size of the Ag grains was snaller than
that in the Cu underlayer, this layer was a third - 39
underl ayer having a structure in which netal grains
were isolated in the formof islands. Simlar
structures were found in the nédia in which the netal
grains were Au, Pt, Pd, Ir, Co, and Fe. On the other 5
hand, dd t he aratlve Ex

.of Co
o i d S S Bl d RS TatTh Rt el e aies
SUrelur & Jather, Uhen an Jelands |1 ke dsol atefhs oo

struc ure. ow s he average cCrys

graidy 10§iz8s dvbg, 990, Pr‘l‘dt}%\'%&ﬁlé he, %P&E‘d&ﬁé”rﬁétal

magneti ¢ recording | ayer of each magnetic recording

medigya i ndakd & 2 Thisg, Mdefﬁoaténgam@énmoﬁ%@é)other
SNR(dB) Exanple 3 Ag 6.9 5 18 Exan'ple 3 Au 7.3 5.3

17. harkxamm ectde Riedid &f TCAdnpdratxaspteadpRes 754 4, 87,
17.6 Exanple 3 Ir 7.4 4.7 17.3 Exanple 3 Co 7.5 4.8
17. BndEéGnpites XiFerd. Undedldye 8 h@dnpasa@t fveuous film-like
structure rather than an island-like isolated
structure.
Table 2 below shows the average crystal grain

size dMag, ABgg, and SNR of the perpendicular magnetic

recording layer of each magnetic recording medium.

Table 2
Third .
. dMag (nm) |ABg5q (°) | SNR (dB)
undercoating
Example 3 Ag 6.9 5 18
Example 3 Au 7.3 5.3 17.7
Example 3 Pt 7.4 4.7 17.7
Example 3 Pd 7.4 4.8 17.6
Example 3 Ir 7.4 4.7 17.3
Example 3 Co 7.5 4.8 17.5
Example 3 Fe 7.1 5.4 17.3
Comparative
Ag 10.1 7.0 13.5
Example 5
Comparative
Ag 9.7 8.0 13.0
Example 6
Comparative o
Ag 10.1 6.3 12.4
Example 7
Comparative
Ag 10.5 5.3 12.0
Example 8

A comparison of Example 3 with Example 1 shows
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Ag 10.1 7.0 13.5 Exanple 5 Conparative Ag 9.7 8.0
13.0 Exanple 6 Conparative Ag 10.1 6.3 12.4 Exanple
7 Conparative Ag 10.5 5.3 12.0 Exanple 8 15 A

conpari son of Exanple 3 with Exanple 1 shows that the
average crystal grain size dvag, A950, and SNR of the
per pendi cul ar magnetic recording |ayer inproved when

t he
t he

third underlayer having the structure in which
metal grains were isolatedXin5 the form of

isldar’\llds formed on the second underl ayer contai ni ng Cu
an as mai n conponents. A

Wi g ﬁh%nﬁé’reatalv\%g%&%lsé@ 15%2%3%3 3%%\/\/@\/{ |K?#cg’ot "hi%

un haV| n h st

gr a%ﬁ \fg his é)jle%p ed Cﬁf@)J lral'lrchl%% trqr%wc}i‘e% odan ??Jer
on t;hy r%we%f WREHS %q%rd el 1%3etrh%aawga%e

cryst grain si ze Mag,

SNR di d not

r emrt@waaﬂenarnomlml it Iméttahe grRriesente i vieytliared An
conpari son of Exanple 3 wth Conparative 15 Exanple 7

denmamst rratres dihats lshers tifhe s undeeayercomes urused ayer
i nstead of the Cu, underlayer, neither the second

containing Cu and N as main components.

A comparison of Example 3 with Comparative
Examples 5 and 6 shows that no third underlayer having
the structure in which the metal grains were isolated
in the form of islands formed on the Ru or Ru-SiOjp
underlayer, so the average crystal grain size dMag,
ABgp, and SNR did not remarkably improve unlike in the
present invention.

A comparison of Example 3 with Comparative
Example 7 demonstrates that when the Ru underlayer was
used instead of the Cu underlayer, neither the second
underlayer containing Cu and N as main components nor
the third underlayer having the structure in which the
metal grains were isolated in the form of islands
formed, so the dMag and SNR did not noticeably
improve.

A comparison of Example 3 with Comparative
Example 8 indicates that when no second underlayer
containing Cu and N as main components formed on the
Cu underlayer, no third.underlayer having the
structure in which the metal grains were isolated in

the form of islands formed, so the dMag and SNR did
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under| ayer containing Cu and N as mai n conponents nor
the third underl ayer having the structure in which the
netal grains were isolated in the formof islands 20
formed, so the dMag and SNR did not noticeably

I mprove. A conparison of Exanple 3 with Conparative
Exanpl e 8 indicates that when no second underl ayer
containing Cu and N as mai n cgnponents formed on the
25 Cu underl ayer, no third underl ayer having the
structure in which the nmetal grains were isolated in
the formof islands fornmed, so the dvMag and SNR did 41
- nBPtnBPEBPYYi APPEYEE - Exanpl e 4 Various per pendi cul ar
naggetic re%ording media were obtained follow ng the
same*BFE¢Eddres as in 5 Exanple 3 except that a third

under | ayer, r\ﬁ%%sdgu%(&?e%x%cuqtara faldrddier %td'c%irrﬁ;t eelfia

0.05 nms as a v or a continuous filmwhile the

fil pefQr optiaR el 78 1Was i nghanged aiieomr@dedia e25 asedn
(inclusive). Also, followng the sanme procedures as in

10 Examplie 3, cikkepreasurerentd rdsiunglea IEEMr SlaeS degndited
X-ray diffraction apparatus and the R'Wcharacteristic

t esttwer & iper fformed,i cand attlee ofMilg 0 SADBU s a@rvd anedilyye for a
SNR were obtained. The inter-lattice distance was
evalcoattda uorsmins mdivihfidge tthen fdgat £ dHediimed Frtsmwas

sel ected-area el ectron bean1diffr%ptLon patterns in
plaﬁéﬁngﬁ@ e Snal TeEM® Sec (inclusive).

Also, following the same procedures as in
Example 1, the measurements using a TEM, SIMS, and
X-ray diffraction apparatus and the R/W characteristic
test were performed, and the dMag, Abgg, and medium
SNR were obtained.

The inter-lattice distance was evaluated from
diffraction spots obtained from selected-area electron
beam diffraction patterns in planar and sectional TEM
images of the crystal grains in perpendicular magnetic
recording layers. Consequently, the crystal grains in
the magnetic recording layers had a hexagonal close-
packed structure.

Also, the inter-lattice distance was evaluated
from diffraction spots obtained from selected-area
electron beam diffraction patterns in planar and
sectional TEM images of Cu underlayers. Consequently,
the Cu crystal grains in the Cu underlayers had a

face-centered cubilc lattice structure.
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I mages of the crystal grains in perpendicul ar magnetic
recording | ayers. Consequently, the crystal grains in
the magnetic recording | ayers had a hexagonal cl ose-
20 packed structure. Also, the inter-lattice distance
was evaluated fromdiffraction spots obtained from
sel ected-area electron beamdiffraction patterns in
pl anar and sectional TEM Lnag%s of Cu underl ayers.
Consequently, 25 the Cu crystal grains in the Cu
underl ayers had a face-centered cubic lattice

Strﬂ%t%ﬁ%s %}-XQ%SM%gguggméEQSNbasureﬁentS The.
nagneﬁlc Crystal grains in the magnetic recording

l'ayer of -gach per IGYlsaMa 1MRGRSHC i @GRY GHaltghdradi um
had t he ﬁ?% Efﬁﬁgfﬁ?gcgﬁé were 5 aligned in tﬁgl(0001)
p|a&%coYHQn§Ul%@%&t@E @eahnpeirpehlie cQu aunaerhayear: of
each perpendi cul ar magnetic recordi ng nedi um had t he

f cc retoouetitige mand une he dattihgnéd pi B tidue tQk®l e npl aree
Results of Planar TEM Qbservation 10 The perpendi cul ar
magrétiignededor diveg (0QPar oflangach per pendi cul ar
magneti ¢ recordi ng medi um had a ranul ar structure.
Resul ts dthesést iGIYATSEEMIEAISET vt i AU-Yifahideler of

second under | ayer having a di.fferent .15 cont.ras
foﬂﬁﬁ%ﬁ%%?%ﬂ‘ &ﬁﬂ%ﬂﬁgﬁ:é%?%%&%ﬁahﬂ%h%%um

of §E¥Bs%rh%¥%&e9%%%a%%k%ga@Hg%%% Nn@%h%HHQ1ﬁanﬁEﬁﬁg§
Results of Planar TEM Observation
The perpendicular magnetic recording layer of
each perpendicular magnetic recording medium had a
granular structure.

Results of Sectional TEM Observation

A l-nm-thick second underlayer having a different

contrast formed on the Cu underlayer of each medium.
Results of SIMS

A layer containing Cu and N as main components
formed on the Cu underlayer of each medium.
Results of Sectional TEM Observation

In a medium in which the third underlayer
material was Ag, an Ag third underlayer isolated in
the form of islands formed on the second underlayer
containing Cu and N as main components.

Similar structures were found in media in which
the third underlayer materials were Au, Pt, Pd, Ir,
Co, and Fe.

FIGS. 11, 12, and 13 are graphs respectively
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formed on the Cu underl ayer of each nmedium Results of
Sectional TEM Cbservation 20 In a nediumin which the
third underlayer material was Ag, an Ag third

underl ayer isolated in the formof islands fornmed on
t he second underlayer containing Cu and N as main
components. Simlar structures were found in nmedia in
which 25 the third underl ayer,materials were Au, Pt,
Pd, Ir, Co, and Fe. FIGS. 11,"712, and 13 are graphs
respectively - S J showng the relationship between

;'Jg,s g‘g‘i‘g@ﬁfngﬁi ﬁg?&o'%%hti%i %’%&E{%@?‘r 't%éerth"ir&%te@%p of the

Si z€ the relationsh

B e i R i R

e relationship 5 between the thickness

of Bﬁ%gegt%%i&@1%QQ%EE%METb%ﬂ@eeththRhﬂdkﬂﬁﬁﬁ of the Ag
enbodi rrent, as shown in FIGS. 11 to 13, the dMag and

SNRt¢QRSPiLcRYS Ay drRiney ethewadn ot hendt hihek neds tdfortstid p
Ag third underlayer was 0.1 to 1 nm 10 (inclusive).

Si nideatweteenderec ités oMeres sf aufnd hien Aché himstivedar hibiegh and
the third underl ayers were made of Au, Pt, Pd, Ir,

Co, tdred S™R. Exanpl e 5 A perpendi cul ar magneti c

recordi ng nedi um was_ 15 obtai ned fol | ow h e
procedur €5 &9 (PSRBT W BXcEP"t et §g§%lﬁHfﬁﬁ?d%L
Ry LM, [RS8 - IONRANS G d AL At Ahe
thickness of the Ag third underlayer was 0.1 to 1 nm
(inclusive). Similar tendencies were found in the
media in which the third underlayers were made of Au,
Pt, Pd, Ir, Co, and Fe.
Example 5

A perpendicular magnetic recording medium was
obtained following the same procedures as in Example 1
except that a 20-nm-thick Ru film was formed as a
nonmagnetic interlayer on a second underlayer, and a
perpendicular magnetic recording layer was formed
after that in the same manner as in Example 1.

FIG. 14 is a sectional view schematically showing
the structure of the obtained perpendicular magnetic
recording medium.

As shown in FIG. 14, a perpendicular magnetic
recording medium 70 had the same structure as FIG. 3
except that a nonmagnetic interlayer 11 was formed
between a second underlayer 4 and magnetic recording

layer 5, and a lubricating layer (not shown) was
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per pendi cul ar magnetic recording | ayer was forned
after that in the same manner as in Exanple 1. 20 FIG
14 is a sectional view schematically showi ng the
structure of the obtained perpendicul ar magnetic
recording medium As shown in FIG 14, a perpendicular
magnetic recordi ng nmedium 70 had the sane structure
as FIG 3 25 except that a ngnmagnetic interlayer 11

was fornmed between a second underlayer 4 and magnetic
rﬁcorylng | ayer 5, and a lubricating | ayer (not

shown s A A forned.on protective |layer 6. Note
th_atfotng%Rﬁni fit erlog)?fgglﬁ’/aes%fa&?%e ‘by DC sputtering by
usi ng an Ry fqrget . Thej Npule NOWRT: §Q:s thE A g8t DIaS
1,000 W and t%he Ar presl,lsureedur;@'ﬁ{]r 5 ssputteri nggxwas 5

Pa'S?MQE%EH%bU%bn%SEHgi%%t@®dt%&gBQ. aghan iinpher lpayelr to
was simlarly manufactured. Also, follow ng the sane

procedures @% iwas Bxamn el andhe heedsuperesus eusiug ra
TEM SIMS, and X-ray diffraction apparatus and the
R Wsgharaatierg staisc 51®Pat.estA werdd yrerfsameed,l andtesel of Ru
dvag, A650, and nedium SNR were obtained. Conparative
Exams @9 iAtmerlperrdi eidsars iddetlive reeediadi Ty Sfedi um
was obtained follow ng the sane procedures as in

Hte

Exanpl e 31395 Setviatthe 2k €% i3 Was
T 5o 0, W B A o S

X-ray diffraction apparatus and the R/W characteristic
test were pefformed, and the dMag, ABgg, and medium
SNR were obtained.
Comparative Example 9

A perpendicular magnetic recording medium was
obtained following the same procedures as in Example 5
except that a 20-nm-thick Cr film was formed instead
of an Ru film as an interlayer.

Also, following the same procedures as in
Example 1, the measurements using a TEM, SIMS, and
X-ray diffraction apparatus and the R/W characteristic
test were performed, and the dMag, ABgp, and medium
SNR were obtained.

The inter-lattice distance was evaluated from
diffraction spots obtained from selected-area electron

. beam diffraction patterns in planar and sectional TEM

images of the crystal grains in the perpendicular
magnetic recording layers. Consequently, the crystal

grains in the magnetic recording layers had a



Exanpl e 1, the nmeasurements using a TEM SIMs, and
X-ray diffraction apparatus and the RFWcharacteristic
20 test were perforned, and the dMag, 0650, and medi um
SNR were obtained. The inter-lattice distance was

eval uated from diffraction spots obtained from

sel ected-area electron beamdiffraction patterns in

pl anar and sectional TEM 25 inmges of the crystal
grains in the perpendicular mnmagnetic recording

| ayers. Cbnsequently, the crystal grains in the

cl og’gtxlﬁéé’rl?g‘ e %%%ril had 249 hexagonal

Strict the nter-Iattlce

di stance \@L{ Jated flra(%ml@'ef fcfl@drﬂﬂa SR ®valuated
obtai ned from sel ected-area electron beamdiffraction

pat ter s JdifF fRlsanalbranrg o sSestianald FrMn nejes tefd-thea
Cu underl ayers. Consequently, the Cu crystal grains
in the Gronumden aydrsakad ca bacecgers dned laugic and
|attice structure. Furthernore, the inter-lattice

di steanceoned THY evalogst ef frhemCal fmdedtl i%01F Spot s
obtai ned from sel ected-area el ectron beam di ffd' action

pat tGmreduentgvandheand SEASGHald TPEMS ndy % he
and Cr interlayers. nsequentl 4 and
T| (Pr"yi,@(l’ajtayegjsr%\lrhas‘jt %Xf ancfef'1 i eérlllayéejcr A%ad a

hexagonal 15 cl ose-packed structure On the ot her
hand® “tHe "G crystal grains in the C interlayer had

a bOdy'C§ﬁ¥€H§¥%6¥gU(%ﬁ%riﬁgéﬁf&attice distance was
evaluated from diffraction spots obtained from
selected-area electron beam diffraction patterns in
planar and sectional TEM images of the Ru, Ti, and Cr
interlayers. Consequehtly, the Ru and Ti crystal
grains in the Ru and Ti interlayers had a hexagonal
close-packed structure. On the other hand, the Cr
crystal grains in the Cr interlayer had a
body-centered cubic structure.

Results of XRD Measurements

The magnetic crystal grains in the perpendicular
magnetic recording layer of the perpendicular magnetic
recording medium of Example 5 had the hcp structure
and were aligned in the (0001) plane. On the other
hand, the magnetic crystal grains in the perpendicular
magnetic recording layer of the perpendicular magnetic
recording medium of Comparative Example 9 had the hcp
structure but were not aligned in the (0001) plane.

The Ru and Ti crystal grains in the perpendicular



10

15

20

25

Resul ts of XRD Measurenments The magnetic crysta
grains in the perpendicular 20 magnetic recording

| ayer of the perpendicular magnetic recording nmedi um
of Exanple 5 had the hcp structure and were aligned
in the (0001) plane. On the other hand, the magnetic
crystal grains in the perpendicular nagnetic
recordi ng | ayer of the perpendicul ar magnetic 25
recordi ng medi um of Conparative Exanple 9 had the hcp
structure but were not aligned in the (0001) plane.

The Ru and Ti crystal graj.ns i he perpendicul.ar - 46

- n@@ﬁ@FF&CrééﬁPﬁﬁﬁnggﬁl&NPOP?E§§ﬁﬁwge5%h%§dfﬁ§ 8§
structure and re ali [ .he 0 l\ang. e Cu
cry§%§PC ngngﬂﬁnwfﬁg %Eﬁgﬁggrﬁgygﬁgo?%Pﬁg)lﬂaaﬁgh

per pendi gyl ar- egnetiq reeard ng, red wn ehdamler 5 the

had the fcc structure and were aligned in the (111)

pl anerResulds 26f rBlgararn cTEMcGsansaticdl uihef Example 5
per pendi cul ar magnetic recording | ayer of each

per perdice acaregretdta ree covadiveg arediiymevad ra the) (111)
granul ar structure. The results of sectional TEM
obserlwate.on indicate that a 1-nmthick second

underl ayer having a different contrast fornmed on the
Cu wederltayaf oflagach TRAUIARRe M Y%¥sul ts of SI MS show
that a layer containin 15 Cu and N as

in
conponent 'S GHREH Thie ot Utfder aﬁf-’e‘%org%ilrbgaclhayer of

nedgggh perpendicular magnetic recording medium had a

granular structure.

The results of sectional TEM observation indicate
that a 1-nm-thick second underlayer having a different
contrast formed on the Cu underlayer of each medium.

The results of SIMS show that a layer containing
Cu and N as main components formed on the Cu
underlayer of each medium.

Table 3 below shows the average crystal grain
size dMag, ABgg, and SNR of the perpendicular magnetic

recording layer of each magnetic recording medium.

Table 3
Interlayer|dMag (nm) |ABgg (°) |SNR (dB)
Example 5 Ru 7.9 3.6 18.5
Example 5 |  Ti 7.7 3.8 18.4
Comparative Cr 11.2 - 10.0
Example 9

A comparison of Example 5 with Example 1 shows
that the ABgg and SNR remarkably improved when the Ru

and Ti interlayers formed on the second underlayer
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Tabl e 3 bel ow shows the average crystal grain size
dvag, A050, and SNR of the perpendi cul ar magnetic
recordi ng | ayer of each nagnetic recording medium 20
Table 3 Interlayer dMag(nn) AO050() SNR(dB) Exanple 5
Ru 7.9 3.6 18.5 Exanmple 5 Ti 7.7 3.8 18.4
Conparative C 11.2 - 10.0 Exanple 9 A conparison of
Exanmple 5 with Exanple 1 shows,, that the A050 and SNR
remar kably inproved when the RU 25 and Ti interlayers
formed on the second underl| ayer A containing Cu and N

conpo Qpar.i.son of I e 5wth
Con&?(lgtall\?eng?glnﬁln sﬁoﬁn/sa‘ltnhé:tonﬁwg)éper pendi cul ar
magnetic » r g ayer :y@%l@ot al{gned,idy
(0001) pl ane%gj(vj\%en t he (%r terl 5ayelr fgts)rreﬂc]a oalrﬂlt%vee
secendiderd ayRlys GoRtaitNaNGPheard Nias Mighetic
conmponents. Exanple 6 Various perpendicul ar nagnetic
r ecofedoi@i ifRdila yerera sobicad red dreld aw nghd h@ ane plane
procedures as in 10 Exanple 3 except that an Ru
i Nt evHeay erhesiQu |iart erd a yExarfplrenes! was ther et dyet wesle layer
third underlayer formed into islands and a

per pandisduliad fagreetd &1 e FRdimFONRYENtSn addi ti on,

medi a using Ti instead of Ru as
Example

Various perpendicular magnetic recording media
were obtained following the same procedures as in
Example 3 except that an Ru interlayer similar to
Example 5 was formed between a third underlayer formed
into islands and a perpendicular magnetic recording
layer. 1In addition, media using Ti instead of Ru as
an interlayer were manufactured.

Each obtained perpendicular magnetic recording
medium had the same structure as FIG. 4 except that a
protective layer 6 and a lubricating layer (not shown)
were formed on a magnetic recording layer 5.

Also, following the same procedures as in Example
1, the measurements using a TEM, SIMS, and X-ray
diffraction apparatus and the R/W characteristic test
were performed, and the dMag, ABs5(p, and medium SNR
were obtained... |
Comparative Example 10

A perpendicular magnetic recording medium was
obtained following the same brocedures as in Example 6

except that a 20-nm-thick Cr film was formed instead
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an interlayer were manufactured. 15 Each obtai ned

per pendi cul ar magnetic recording nedium had the sane
structure as FIG 4 except that a protective |layer 6
and a lubricating | ayer (not shown) were fornmed on a
magnetic recording layer 5. Also, follow ng the sane
procedures as in Exanple 20 1, the neasurenents using
a TEM SIMS, and X-ray diffraction apparatus and the
R 'Wcharacteristic test were Perforned, and the dMag,
A050, and nedi um SNR were obtained. Conparative

Exampl e 10 25 A per pendi.cul ar, _nagnetic recordin
nmediPdm3has %B‘tl&pﬁ’&d afnoﬁngﬁrr}ﬁyt e sane pr ocedu?es as

i n Exanple 6 1 hat - ' [ Wwas
formed i rzf’s S@dde?éclﬁl%fwligga toq‘ae gs%ﬁé‘%%ﬁaugea{] ddn i

i ntenlayere 1Al $%e HRIIQWAEHhe sanR B acedureAs dru
Exanpl e 1, the neasurenents using a TEM SIMs, and

X- 1 &y @ivf friaatdat iappaiiaus rand dde dReVR/haractierdsdiicstic
5 test were perforned, and the dvag, A050, and nedi um
SNR twesrte weliteaiprad.o rifeel i trer -that tdMesy , didsgncendasiedium
eval uated from diffraction spots obtained from

sel édtRedrearce@idlaggtadon  beam di ffraction patterns in

pl anar and sectional TEM 10 |inmages of the crL}/st al

grai ns i W iehel Hegitetd i ¥ee gHaA TP ce ayret ssvaldated from

Consequently, the crystal graj in the magnetic

rec 'fr@qéfé} ?pr?efd’yém?@&gbeélngroﬂ &seg%cgc?efrea electron
beam diffraction patterns in planar and sectional TEM
images of the crystal grains in the magnetic recording
layers. Consequently, the crystal grains in the
magnhetic recording layers had a hexagonal close-packed
structure.

Also, the inter-lattice distance was evaluated
from diffraction spots obtained from selected-area
electron beam diffraction patterns in planar and
sectional TEM images of Cu underlayers. Consequently,
the Cu crystal grains in the Cu underlayers had a
face-centered cubic lattice structure.

Furthermore, the inter-lattice distance was
evaluated from diffraction spots obtained from
selected-area electron beam diffraction patterns in
planar and sectional TEM images of the Ru, Ti, and Cr
interlayers. Consequently, the Ru and Ti crystal
grains in the Ru and Ti interlayers had a hexagonal
close-packed structure. On the other hand, the Cr

crystal grains in the Cr interlayer had a
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structure. Also, the inter-lattice distance was
evaluated 15 fromdiffraction spots obtained from
sel ected-area electron beamdiffraction patterns in
pl anar and sectional TEM i nmges of Cu underl ayers.
Consequently, the Cu crystal grains in the Cu

underl ayers had a face-centered cubic lattice
structure. 20 Furthernore, gheﬂgntgr-lattice di stance
was evaluated fromdiffracti on’spots obtained from
sel ected-area el ectron beamdiffraction patterns in
pl anar ., and sectignal TEM i mages_of the Ru, Ti, and Cr

i nt PR er Y CEoHSeqtRht I 3 T Y e Ry and Ti crystal 25
grailglg.séipt_k h nyhgngvgiu%ﬂigﬁ£ayers had a hexagona
cke

cl ose-pa structure. the other hand, the C

crystal ofigénsabRethe &rybnhergayenshad @hexégrpendicular
body-centered cubic structure.” Results of D

Eval g h &05c Thec dBgNed | Ta ¢ iy Sé Al e gelai porpendheular

per pendi cul ar magnetic recording |ayer of each

per peangh €t @r r &comgived i ted agor df ngxaenl «ind ofia Exanpl kcH
had the hcp structure and were aligned in the (0001)
pl anet rutiowes eand t wer eragrhegied ciystae (v @Phs Phane.
Conparative Exanple 10 had the hcp structure but were
not APV Fhe theorobbd) chrame! 40P The Ru GrParative

nONTROReL | € FO YRS B L0 SRR LSS e
wer e; al i gneds b, + hg (9001) plane.

The Ru and Ti nonmagnetic crystal grains in each
perpendicular magnetic recording medium had the hcp
structure and were aligned in the (0001) plane.
However, the Cr crystal grains in Comparative Example
10 had no hcp structure and were not aligned in the
(0001) plane.

The Cu crystal grains in the Cu underlayer of
each perpendicular magnetic recording medium had the
fcc structure and were aligned in the (111) plane.
Results of Planar TEM Observation

The perpendicular magnetic recording layer of
each perpendicular magnetic recording medium had a
granular structure.

Results of Sectional TEM Observation

A l-nm-thick second underlayer having a different
contrast formed on the Cu underlayer of each medium.
Results of SIMS

A layer containing Cu and N as main components



However, the Cr crystal grains in Conparative Exanple
10 had no hcp structure and were not aligned in the

15 (0001) plane. The Cu crystal grains in the Cu
under| ayer of each perpendi cul ar magnetic recordi ng
medi um had the fcc structure and were aligned in the
(111) plane. Results of Planar TEM Qbservation 20 The
per pendi cul ar nagnetic recordi pg | ayer of each

per pendi cul ar magnetic recordi Ay nedi um had a

granul ar structure. Results of Sectional TEM

o) ion A 1 hi ck d upder| hayi
i TSI b SNt rast Pt et brt Hevc TrerT ayer of
eachy JEMH UM, ¢ ResW {5, of f%@fbﬁ§é9¥§{i89”ta'”'”9 Cu

and N as mmi n conponents v 5 ormed on the Cu

underl ayex of i eachndedisper ResubtsqoinSesti enal JEM
observation A third underl ayer isolated in the form of

I sl aindisarfdy nBskeosd the  Siee oskle sidl elih &y £1 2 gont abnt 8gn Gilg Cu
5 and N as nmai n conponents of each nmedium Table 4

bel amaHowss tiel maverggenerystaf gxah mediae. dvag,

A050, and SNR of the perpendicul ar magnetic recording

| ayer of Barhe obthehed shgnettkeracordvagcriedplneradn

Tabl e 4 . .
size dMag, ABgp, and SNR of the perpendicular magnetic

recording layer of each obtained magnetic recording

medium.
Table 4

Third dMag|ABg(| SNR

undercoating Interlayer (nm) | (°) | (dB)

Example 6 Ag Ru 6.914.5(19.5
Example 6 Au Ru 7.014.2119.0
Example 6 Pt Ru 7.2 14.1]19.3
Example 6 Pd Ru 7.2 14.11(19.2
Example 6 Ir Ru 7.114.21]19.3
Example 6 Co Ru 7.2 14.1119.4
Example 6 Fe Ru 6.914.5(18.8
Example 6 Ag Ti 6.8 4.6 (19.4
Example 6 Au Ti 6.914.41]18.9
Example 6 Pt Ti 7.014.3|19.0
Example 6 Pd Ti 7.014.3119.0
Example 6 Ir Ti 7.0{4.3|19.1
Example 6 Co Ti 6.9 4.2 (19.2
Example 6 Fe Ti 7.014.7118.7

A comparison of Example 6 with Example 3 shows
that the ABgp and SNR improved when the Ru or Ti
interlayer formed on the third underlayer having the

structure in which the metal grains were isoclated in
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Third Interlayer dMag A0O50 SNR undercoating (nm ()
(dB) Exanple 6 Ag Ru 6.9 4.5 19.5 Exanple 6 Au Ru
7.0 4.2 19.0 Exanple 6 Pt Ru 7.2 4.1 19.3 Exanple 6
Pd Ru 7.2 4.1 19.2 Exanple 6 Ir Ru 7.1 4.2 19.3
Exanple 6 Co Ru 7.2 4.1 19.4 Exanple 6 Fe Ru 6.9 4.5
18.8 Exanple 6 Ag Ti 6.8 4.6 19.4 Exanple 6 Au Ti
6.9 4.4 18.9 Exanple 6 Pt Ti 7.0 4.3 19.0 Exanple 6
Pd Ti 7.0 4.3 19 0 Exanple ™6 P+ T7 7.0 4.3 19.1
Exanple 6 Co Ti 6.9 4.2 19.2 Exanple 6 Fe Ti 7.0 4.7
18. 7Ac ari son of Exanple 6 with Exanple 3 shows
t hat® % g%% gnﬂs%ﬁﬁ??nproved when the Ru or Ti 15

interlayey fornmed.on th h|rd under | ayer._having.th
structurezgl%Om TEh°PRe e o flmarglg ng EX%OP% fe Fﬁows

51 e die {0 ”é@éﬂégsa@f"%stﬁc PRak | §99eo&M§§a?p!jeS§R

th Exanple 5 s average cry grain

SIze@ﬂmaga@ngn§¥5%eéuwmgﬁrth@pfny@g Mﬁ@@ribﬁekhhgélng the

under| ayer having the 5 structure in which the netal

gr ai sxsrweteré SoOh abiedch nthé heef oI Nyofihsl apds fosebed in

bet ween the second underlayer containing Cu and N as

mai ntlconpoments amtends formed between the second
underlayer containing Cu and N as main components and
the interlayer.

In Comparative Example 10, unlike in Example 6,
the perpendicular magnetic recording layer was not
aligned in the (0001) plane because the Cr interlayer
formed on the third underlayer having the structure in
which the metal grains were isolated in the form of
islands.

Example 7

Perpendicular magnetic recording media were
obtained following the same procedures as in Example 6
except that a 3-nm-thick Pd layer was formed as a seed
layer between a substrate and soft magnetic layer, and
Ru was used as an interlayer.

The Pd seed layer was formed by DC sputtering by
using.a Pd target. The input power to the target was
1,000 W, and the Ar pressure during sputtering was
0.7 Pa. Similarly, media using Pt, Ni, NiFe, Co, Ti,
and TiN instead of Pd as seed layers were

manufactured.

FIG. 15 is a sectional view schematically showing
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the interlayer. In Conparative Exanple 10, unlike in
Exanple 6, 10 the perpendicul ar nagnetic recording

| ayer was not aligned in the (0001) plane because the
Cr interlayer forned on the third underlayer having
the structure in which the netal grains were isolated
in the formof islands. 15 Exanple 7 Perpendi cul ar
magnetic recording nedia were _obtained follow ng the
same procedures as in Exanple ¢ except that a
3-nmthick Pd | ayer was forned as a seed | ayer

bet ween a substrate and soft magnetic |ayer, and 20

Ru Vi et dd s ointlers aflra g aRr talef Mpgnetic
formed by DC sputtering by wusing a Pd target. The
inpuﬁecpodzgelrngl d‘%‘#eur?'ar get was 1,000 W and the Ar
pressure ri put t ering S .§if%|

nedi a usizgég; %chwrill%l\fli-% ]C%\? Ti ge%%grg%ld [ ?*ﬁ%%fé%%lc
of Rl as- SR dAYRLS N Mfagidred- HGel3sisr@. 5
sectional view schematically show ng 52 the structure
of the-aht aimed pesdendi £pdars NBgNetd fned 86T Wb &Y a
medium As shown in FIG 15, a perpendicul ar magnetic

r ecosuh sigr antesli UM 8D dafth trimegrsatnic stawet e asdR G 5

S5 except that a seed |ayer 8 was fornmed between a
substratectienmdlavst Geyretad clikiesa2inantger (not shown)

“protective layer 6 and a lubricating |ayer (not shown)

were formeéed on a magnetic recording layer 5

Also, following the same procedures as in Example
1, the measurements using a TEM, SIMS, and X-ray
diffraction apparatus and the R/W characteristic test
were performed, and the dMag, A8gg, and medium SNR
were obtained. |

The inter-lattice distance was evaluated from
diffraction spots obtained from selected-area electron
beam diffraction patterns in planar and sectional TEM
images of the crystal grains in the magnetic recording
layers. Consequently, the crystal grains in the
magnetic recording layers had a hexagonal close-packed
structure.

Also, the inter-lattice distance was evaluated
from diffraction spots obtained from selectéd—area
electron beam diffréction patterns in planar and
sectional TEM images of Cu underlayers. Consequently,
the Cu crystal grains in the Cu underlayers had a
face-centered cubic lattice structure.

Furthermore, the inter-lattice distance was
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were fornmed on a nmagnetic recording layer 5. Also,
follow ng the sanme procedures as in Exanple 10 1, the
nmeasurenents using a TEM SIMS, and X-ray diffraction
apparatus and the RRWcharacteristic test were
perfornmed, and the dMag, A050, and nedi um SNR were

-obtained. The inter-lattice di stance was eval uat ed

from 15 diffraction spots obtajpned from sel ected-area
el ectron beamdiffraction patterns in planar and
sectional TEM inmages of the crystal grains in the

magnetic recordin | ayers. Consequently,.th rystal

O S T o0, LG A ST TP Sy S et O
hexagonal, cl ose- packed 20 structure, SO h .
ot ST o ae s vl i efe= i et o

spots ght.ained Jé@éﬁé«%fg{m-ﬂ@@es eéPCEISémRLFe%g‘EN?rlayer.

di ffraction patterns in anar and sectiona

| mages fqfdhinderd py efs. cpnseiuertlys 25 the &y

crystal grains in the Cu underlayers had a

f ace-reailenetr qubd ca |1adtd gen ST railcd sk -epa c ke t hier ot €re.
the inter-lattice distance was - JJ evaluated from

di f fReaotliton sPOtRD ot as ueehndnriosn  sel ect ed- ar ea

el ectron beamdiffraction patterns in planar and _
sect i onal THENIG gmgesC of ryfied RuIFaief | Ayefhe perpendicular
Consequent|y, the Ru crystal grains in the Ru 5

i nt é‘ﬁ%l%a‘be%o%&%o@e%l S HAL KRR Pt Ut 2%

Resul ts Qtf XRD Measur ements The net. c cré/st al
or al TSI 1he BETBENU Ut aom hed The hepLeRidture and

were aligned in the (0001) plane.

The Ru crystal grains in each perpendicular
magnetic recording medium had the hcp structure and
were aligned in the (0001) plane.

Thé Cu érystal grains in the Cu underlayer of
each perpendicular magnetic recording medium had the
fcc structure and were aligned in the (111) plane.
Results of Planar TEM Observation

The perpendicular magnetic recording layer of
each perpendicular magnetic recording medium had a
granular structure.

Results of Sectional TEM Observation

A 1—nm—thick second underlayer having a different
contrast formed.on the Cu underlayer of each medium.

Also, a third underlayer isolated in the form of
islands formed on the second underlayer containing Cu
and N as main components in each medium.

Results of SIMS
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magneti c recording | ayer of each perpendi cul ar
magneti ¢ recordi ng nedi um had the hcp structure and 10
were aligned in the (0001) plane. The Ru crystal
grains in each perpendi cular magnetic recording
medi um had the hcp structure and were aligned in the
(0001) plane. The Cu crystal grains in the Cu
under | ayer of 15 each perpendicul ar nagnetic
recordi ng medi um had the fcc 8frucCture and were
aligned in the (111) plane. Results of Planar TEM
Cbservatlon The perpendi cul ar magnetic recording | ayer
each %e}ﬁéﬁalEapéﬁlﬁﬁ@ﬁeFPcaF%cBraﬁn@aﬁﬁdFeﬁpﬁﬁﬂnés
ts of _Sectjonal kK TEM

20 I t t

Coser AT o™ {lflign#:‘tW‘gesg%¥%ﬁdoﬁn%|%?]ila?%?lﬁrﬁw ng a

different, BQQAFagglggr d.on. h ggrga er % er ofr n
, rsof a ?ﬁe

each nedlun1 rd un ayer

forn%?iezéMéilaﬂ@% foéﬂﬁdS@@ épet§@9§@9p@ﬁgfé ?QPrmagnetic
cont al ni ng an as main Con'ponent s In eaCh

medi tiito Reswid t 5a pér Sbﬁ/&sack54pe_ﬁaéza&§&u§@ﬁtﬂa@h@gl@

and N as nmai n conponents forned on the Cu underl ayer

of eaedon@ithgnmedalyh eubibel ohe showshi he aves ajeyer and Ru
crystal grain size dMvag, A050, and SNR of the

per pemdé el per nelgheined &sreéestdimed|ayeveof each

per pendi cul ar magneti c recordi ng nedi um usi ng the Ag
third underl ayer and Ru i ntledlgyeér obtai ned as

described above.| geeq Third dMag | ABs| SNR
layer | undercoating [nterlayer (nm) | (%) | (dB)

Example 7| Pd Ag Ru 6.7 3.1720.5

Example 7| Pt Ag Ru 6.63.1]120.3

Example 7| Ni Ag Ru 6.5 3.4]20.1

Example 7] NiFe Ag Ru 6.7 3.320.8

Example 7| Co Ag Ru 6.4 3.5(20.1

Example 7| Ti Ag Ru 6.7 3.0(20.2

Example 7| TiN Ag Ru 6.5(3.4({20.3

A comparison of Exampie 7 with Example 6 shows
that the ABg5p and SNR further improved when the Pd,
Pt, Ni, NiFe, Co, Ti, or TiN seed layer was formed on
the Cu underlayer. Similar effects were found in the
medium using Au, Pt, Pd, Ir, Co, or Fe as the third
underlayer having the structure in which the metal
grains were isolated in the form of islands, and using
Ti as the interlayer.

Example 8

Perpendicular magnetic recording media were

obtained following the same procedures as in Example 7

except that (Co7g-Crjpg-Ptq2)-10 mol% TiOp,
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Table 5 Seed Third Interlayer dvag AO50 SNR | ayer
undercoating (nm () (dB) Exanple 7 Pd Ag Ru 6.7 3.1 .
20.5 Exanple 7 Pt Ag Ru 6.6 3.1 20.3 Exanple 7 Ni Ag
Ru 6.5 3.4 20.1 Exanple 7 NNFe Ag Ru 6.7 3.3 20.8
Exanple 7 Co Ag Ru 6.4 3.5 20.1 Exanple 7 Ti Ag Ru
6.7 3.0 20.2 Exanple 7 TiNAg Ru 6.5 3.4 20.3 10 A
conpari son of Exanple 7 with Exanple 6 shows that the
A050 and SNR further inproved when"the Pd, Pt, Ni,

Ni Fe, Co, Ti, or TiN seed | ayer was forrred on the Cu
underlayer. Simlar effects were found in the 15

medi UR TBTHGL et ), - By, M4 €200r Fecas theothitad -
undra r t struyucture in i C he_net al
graﬁns n)(v/vglrehjzgﬁs ‘te TRt %1@61;?%%}!‘?@'13%% , T3ad5 usi ng
Ti ag-dhe ¢ ef . 1 EXaPd 0 pendi cuI ar
magnet(H]8 reco (fdé%%z )ll:TEldI a were Y§O€t aifrﬁ{ied foll owi ng the
same g pas, § 01 EXAREPE emdo E@p&sécﬁ'ainstead £
(C076- ﬁ?‘ﬁﬁ)@% mol % Ti 02, o & °
(078G d Xt d-2Dt10) v0d %Y 2CBi04 C@g%&ﬁé)ncﬁ’iclmar 10
nol % A1203, (C078-Cr10-Ptl2)-10 nol % Ta205,

( COFSGLCreltOE Pt deX) ot i map| B4 2038, and
(C078-Crlo-Pt12)-10 ol % MgO were used instead of

The inter-lattice distance was evaluated from

diffraction spots obtained from selected-area electron

beam diffraction patterns in planar and sectional TEM

images of the crystal grains in the perpendicular

magnetic recording layers. Consequently, the crystal

grains in the magnetic recording layers had a
hexagonal close—packéd structure.

Also, the inter-lattice disfance was evaluated
from diffraction spots obtained from selected-area

electron beam diffraction patterns in planar and

sectional TEM images of Cu underlayers. Consequently,

the Cu crystal grains in the Cu underlayers had a
face-centered cubic lattice structure.

Furthermore, the inter-lattice distance was
evaluated from diffraction spots obtained from
selected-area electrcn beam diffraction patterns in
planar and sectional TEM iﬁages of Ru interlayers.
Consequently, the Ru crystal grains in the Ru
interlayers had a hexagonal close-packed structure.
Results of XRD Measurements

The magnetic crystal grains in the perpendicular
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5 (C078-Cr10-Pt12)-10 nmol % Si Q2 as per pendi cul ar
magnetic recording layers. The inter-lattice distance
was evaluated from diffraction spots obtained from
sel ected-area electron beamdiffraction patterns in
pl anar and sectional TEM 10 i mages of the crystal
grains in the perpendi cul ar nmagnetic recording | ayers.
Consequently, the crystal grains in the magnetic
recording layers had a hexagoRal close-packed
structure. Also, the inter-lattice distance was
evaluated | I5 fromdiffraction spots obtained from
sel AR arear cePELiPOn! Heamn of f erakt PBRAPPAELEFA3Ti n
pl anar and, section u

| TEM.i f. Cu
ConsBHfient 5, - TRE GIF PSSt AT ‘GF s haS A
d , . f - ic latti
g?r5%%ﬁ%g%f5%%%%?%%e?ﬁ§rg$@§ﬁge %%gggfat?icgcgistance

was eval pgteg,fep Qéif5§§£BgniﬁpgééhOBéﬁkgﬁQiEEQHk
sel ected-area el ectron beamdiffraction patterns in

pl angd gredieli Seed ¢ Ol nd B d Tegesa@f t i hebpest a€f Sre and
Consequently, the Ru crystal grains in the Ru 25

i nt erd ay es 5idpaeld ai hexlagon@b0t) oseapacked structure.
Resul ts of XRD Measurenments The magnetic crysta

grains i nThéeCpeepentatubaprins56n hhgneti sndecdeskbngot

| ayer of each perpendi cular magnetic recordi ng nedi um
had $He" RRPrREPULE Ut 2 JRYINGet e BEFYRAHNY NmeReupobad)the

Plang. . The, M crysial grains, [0, &gel, perpendieil ey, .

Results of Planar TEM Observation

Eﬂgg%ﬁ¥§£§é and

The perpendicular magnetic recording layer of
each perpendicular magnetic recording medium had a
granular structure.
Results of Sectional TEM Observation

A l-nm-thick second underlayer having a different
contrast formed on the Cu underlayer of each medium.
Also, a third underlayer isclated in the form of
islands formed on a second underlayer containing Cu
and N as main components.
Results of SIMS

A layer containing Cu and N as main components
formed on the Cu underlayer of each medium.

Table 6 below shows the average crystal grain
size dMag, A95O, and SNR of the perpendicular magnetic

recording layer of each magnetic recording medium.



5 magnetic recording nedi um had the hcp structure and
were aligned in the (0001) plane. The Cu crystal

grains in the Cu underlayer of each perpendi cul ar
magnetic recordi ng medium had the fcc structure and
were aligned in the (111) plane. 10 Results of Pl anar
TEM Qbservati on The perpendi cul ar magneti c recordi ng

| ayer of each perpendicul ar gneti c recordi ng nedi um
had a granular structure. Results of Sectional TEM
Qobservation 15 A 1-nmthick second underl ayer having a
different contrast fornmed on the Cu underl ayer of
each medium Al so, a thirdT@gderifayer isolated jn the
formof |slands BOIP@E}QerQﬁcal&_eCﬁ@Qﬂetli’tdEﬁM@g%% SNR
containing Cu and N as _mai n _conponents.| 20 [Resu of
SINS A | ager cont aini-ng=Eo- &Dg ['Egﬁé%r rair (%)ﬁpgr?e @3)
fornmed on|ExdaepCe mndmjgaygngtqu ) edlth Tiedi | um9 [Tald 2@ 4
e A R R e Y o PO
r ecor di ng E@mﬂeo& t@QQBﬁWheM@OFe@b}[QB ng Smedi41pg0.0
57 - Tabl b.6BeE p@n@beg@af g@@ﬂqtow%c 09504 SNR 9. 9

recor di ngtayer—(nm Exanpte 8 (Ca78Cr I OPt
2)-1 00 TipExagpde B g loqyagr @ r&9%g YQ@a-RF(aSwfarAq 32-B0%

Cr2CB 6. 5| Sichp20.9 (Exaam16p8, {)Ca 88 it 1.2) | 4094 51203
- o. . U. 0

Even when {Co78—Cr10—Pt12)—1O mol% TiOp,
(Co7g-Crqp-Ptq12)-10 mol% Crp03, (Coyg-Crig-Ptio)-

10 mol% Al,03, (Coy7g-Crip-Pt12)-10 mol% TayOg,
(Co7g-Cr1p-Pt12)-10 mol% Y203, and
(Co7g-Cr1p-Ptq12)-10 mol% MgO were used instead of
(Co7g-Cr1pg-Ptq12)-10 mol% SiOp as perpendicular
magnetic recording layers, the average crystal grain
size dMag, AOgp, and SNR noticeably improved compared
to the conventional media. Similar effects were also
found in media using Pd, Pt, Ni, Co, Ti, and TiN as
seed layers, Au, Pt, Pd, Ir, Co, and Fe as third
underlayers having the structure in which metal grains
were isolated in the form of islands, and Ti as an
interlayer.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments

shown and described herein. Accordingly, various



Exanpl e 8 (Co78Cr10Pt 12) - 10% Ta205 5.7 4.4 19.9
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underl ayers Having the structure in grains
were isolated in the form of |slands and Ti as an
interlayer. Additional advantages and nodi fications
wll readily occur to those skilled in the art.
Therefore, 20 the invention in its broader aspects is
not limted to the specific details and representative
enbodi nents shown and descri bed herein. Accordingly,
various - 58 nodifications may be nade w thout
departing fromthe spirit or scope of the genera

i nventive concept as defined by the appended cl ai ns
and their equivalents. - 59 - WHAT IS CLAIMED | S:
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1. A magnetic recording nmediumconprising: a
substrate; a soft magnetic |ayer fornmed on the
substrate; 5 a multilayered underlayer conprising a
first underlayer formed on the soft nagnetic |ayer,
cont ai ni ng copper as a main conponent, and contai ni ng
crystal grains with a face-centered cubic lattice
structure substantially aligned.in a (111) plane, and
10 'a second underl ayer formed>®n the first underlayer
and containing copper and nitrogen as main

conponents; and a pe di_cul ar netic recording

| ayer forned on the n@%ﬁ&l&@epgélgﬁgéﬁkayer,

cont ai ni c i i ni ng
crystal gfry'ai %g%vé?rﬁétaﬁc 1 %(%%gﬁgﬁg@{%%:?%gcﬁg%ﬂa
structure, substantial ly aligned in a (0001) plane. 2.
A nmedium according to claim1l, wherein a thickness of
the second amgerhayestis Dadet of drid 4 NEhaISE eIt r20e ;
3. A nediumaccording to claim1, wherein the

mul ti | ayes ath undedyayed drnudd hexyeomemsessang a first
island-1i ke third underlayer formed on the second
underidgmerayelr 7o reetl um ddvordi g nagrdaian B yswher ei n
the 25 third underlayer contains netal crystal grains
contGATHi g Ht9 | €ae oS et I s FFRTETFromthe Gt ot 119

i st f silver, gold, plati | 1 adi 60
11 GO Bt 1" Bt 51 oh, SR i e g [ S 7

structure substantially aligned in a (111) plane, and

‘a second underlayer formed on the first underlayer and

containing copper and nitrégen as main components; and

a perpendicular magnetic recording layer formed
on the multilayered underlayer, containing cobalt as a
main component, and containing crystal grains with a
hexagonal close-packed structure substantially aligned
in a (0001) plane.

2. A medium according to claim 1, wherein a
thickness of the second underlayer is 0.1 to 4 nm
(inclusive) .

3. A medium according to claim 1, wherein the
multilayered underlayer further comprises an
island-like third underlayer formed on the second
underlayer.

4. A medium according to claim 3, wherein the
third underlayer contains metal crystal grains
containing at least one metal selected from the group

consisting of silver, gold, platinum, palladium,
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of the metal crystal grains is smaller than an average
crystal grain size of the crystal grains in the first
underlayer. 5 S. A medium according to claim 3,
wherein a height of the third underlayer is 0.1 to 1

nm

(inclusive). 6. A nediumaccording to claiml1,

further conprising a nonmagnetic interlayer forned

per

between the 10 nultilayered qﬁderlayer and the

pendi cul ar magnetic recordihg |ayer, nmade of at

| east one of rutheniumand titanium and containing

cry

str
15

conprising a see

st al rains wi.th a ex%gﬁnal(flose acke

Gee Gt H§u6§F§HFIaﬁ edq f1t e (G681 955 HheS 1 2¢
[ of ’%h@eq{e%@lagcr%)’s@aqg gtroal dsa 8 ]smafll'ire{?ecrhan an average

forned between t

mul td %rle%rlérlqg@l&})éerofar’cq\et he-safd1 npanetd cid aRy .first

and contalnlng at | east one mateérial selected fromthe
gr oy deansivetd.ng of platinum palladium nickel, 20

ni ckel -iron, cobalt, titanium and titaniumnitride.

8. A nediuum accoordliung da-atdimg 1o whisrien 3 t heherein a

per

pendi cul ar magnetic recording |ayer conprises

magmetiiah terofsttdle grdings wolrEiavaty @ J-easto ohemf

Co-
25
oxXi

Cr aIon and Co-Pt alloy as a main conponent, and a
Jri&it Watisdary regi on cont ai ni ng at | east one of an

d trid d d
o A agriEt i ¢ PR g9 BT dtuc) B Mkt T e

conprd ﬁgﬂ%%lng a nonmagnetic interlayer formed between the

multilayered underlayer and the perpendicular magnetic
recording layer, made of at least one of ruthenium and
titanium, and containing crystal grains with a
hexagonal close-packed structure substantially aligned
in the (0001) plane.

7. A medium according to claim 1, further
comprising a seed layer formed bethen the
multilayered underlayer and the soft magnetic layer,
and containing at least one material selected from the
group consisting of platinum, palladium, nickel,
nickel-iron, cobalt, titanium, and titanium nitride.

8. A medium according to claim 1, wherein the
perpendicular magnetic recording layer comprises
magnetic crystal grains containing at least one of
Co-Cr alloy and Co-Pt alloy as a main component, and a
grain boundary region containing at least one of an
oxide, a nitride, and a carbide as a main component.

9. A magnetic recording/reproducing apparatus
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a magnetic recordi ng nediumconprising a substrate, a
soft magnetic |ayer forned on the substrate, 5 a

mul til ayered underl ayer conprising a first underlayer
fornmed on the soft magnetic |ayer, containing copper
as a mmin conmponent, and containing crystal grains
with a face-centered cubic lattice structure
substantially aligned in a (111) plane, and 10 a
second underl ayer formed on the first underlayer and
cont ai ni ng copper and nitrogen as nmai n conponents, and
a perpendi cul ar magnetic recording |ayer forned on the

nul t5 @%ﬁﬁ%ﬁ?%mderlayer, containing cobalt as a main

conponent, and, SONt ai i Sy Stk i & dbdoMi dtn@ 15
hexagonal cl ose- packed structure substantially aligned
in a (00Q])sanestand a recordi ng/ reproduci ng head.

a soft magnetic layer formed on the substrate,

a multilayered underlayer comprising a first
underlayer formed on the soft magnetic layer,
containing copper as a main component, and containing
crystal grains with a face-centered cubic lattice
structure substantially aligned in a (111) plane, and
a second underlayer formed on the first underlayer and
containing copper and nitrogen as main components, and

a perpendicular magnetic recording layer formed
on the multiléyered underlayer, containiﬁg cobalt as a
main component, and containing crystal grains with a
hexagonal close-packed structure substantially aligned
in a (0001) plane; and

a recording/reproducing head.



