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PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND A METHOD
OF MANUFACTURI NG THE SAME CROSS- REFERENCE TO RELATED
APPLI CATION 5 This application is based on, and clai ns
priority to, Japanese Application No. 2004-180355,
filed on June 18, 2004, the contents of which are
i ncorporated herein by reference. 10 BACKGROUND OF THE

PEWERKN DY C U L. AReMIA G NIHEI CrR &l ORDINGRVESEITUM AND A

invention relates to a perpendi cul ar magnetic 15

Mt 0D @ FeMIANTBWCEU BRI NG Téle $SAME i ¢ recor di ng

devices, and to a nethod of manufacturing such a
medium 2. Description of the Related Art 20 A
per pendi cul ar magnetic recordi ng systemis draw ng
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recording in place of a conventional |ongitudinal
magneti ¢ system A perpendi cul ar nagnetic recording
mediumis mainly conposed 25 of a magnetic layer of a
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magnetic layer. A structure wi thout the soft nagnetic

backi ng | ayer can be taken since

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a perpendicular magnetic
recording medium mounted on various magnetic recording devices,

and to a method of manufacturing such a medium.
2. Description of the Related Art

A perpendicular magnetic recording system is drawing attention
as a technology to achieve high density recording in place of a

conventional longitudinal magnetic system.

A perpendicular magnetic recording medium is mainly composed
of a magnetic layer of a hard magnetic material, an underlayer for

aligning the magnetic layer in an aimed direction, a protective layer
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5 the recording is possible by the structure, while

the performance of the nediumis higher in a

structure having the backing layer. A nedium w thout

a soft magnetic backing layer is called a single |ayer

per pendi cul ar magneti c recordi ng nedium (al so call ed

sinply a single |ayer perpendicular nedium, and a
forepirotecting thesoatfavegnfthe rhagratic hayéryandi s bealkiag layer

a doubl e I ayer perpendicul ar magnetic recording

ofedoftrnh abaetian stbrsa by condeunltratiray ehe magnetic flux
per pendi cul ar nedium . A perpendicul ar nmagnetic

geRepatidhby2dhasndtikbead ﬂﬁlgi'é@@ﬂ'dli@i_% ohSth@mengbhetic layer. A
recordi ng nmedi um nust have conpatibility between high

stirbetRe Without the ot kﬁﬂ’gﬁ@itf@babkiﬁgflh%@ dirgbe taken since

recordi ng density. Research and developirent on a

tH@Qé@éf&idQYsﬁ?o@éﬂﬂeﬁ% ReRAsGU@UreRERER thd %%g’diilﬁ@nce of

medi um ar e extensivel y bei ng made now usi ng

td h?é’dﬁimsisahigﬁg HRLLStAhet i haAAR b!a%k‘ing laar_er. A
of a 20 | ordin

magneti c | ayer ongl t udi nal ghetic re g

mE LA withdw %ls?)‘ft ixﬁggh*e%ﬂé bb%k?ngﬂ%&i‘é%ni‘%i &H'l?tg A8 Is,%%gle layer

magneti ¢ recordin 115] umto I ncrease“the crys
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A perpendicular magnetic recording medium, like a longitudinal
magnetic recording medium, must have compatibility between high
thermal stability and low noises to achieve high recording density.
Research and development on a magnetic layer of a perpendicular
magnetic recording medium are extensively being made now using
CoCr alloy crystalline materials that are used in a magnetic layer of a
longitudinal magnetic recording medium. It is also important in a
perpendicular magnetic recording medium to increase the crystalline
magnetic anisotropy constant Ku for improving thermal stability and
to suppress magnetic interaction between grains as well as
minimization of the grain size in the magnetic layer for noise
reduction. Therefore, the researches have been made on the

composition of the magnetic layer and on the underlayer disposed
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magnetic |ayer is drawing attention as a magnetic

| ayer suited to 5 high density recording and is a

subj ect of intensive researches. In the granular type
magnetic | ayer, each of the ferromagnetic crystal
grains is surrounded by nonnmagnetic nonnetallic
substance of oxide or nitride. Because the

benoatlhidied mawneticaayier. gr ai n boundary physically
separates the ferromagnetic crystal grains and reduces
10 magnetic interaction between the ferromagnetic
crystal grains, formation of the zigzag magnetic

donhiong theda ¢ W M dEhétictlagertganerdllprealbad engpanular type
recording bits is suppressed. erefore, | ow noise

el 4Bl s harwinenatentih b8 Rmaghietietaydb siitted to

btai n a perpendi cul ar magnetic recording nmedi'um

hipthideirddifyg rebay@iedlotd ?f%/ YibjeetRsf it 168 Meddches. In the

granul ar ‘type magnetic ayer,” sonme proposals have

glbﬁ?ﬁlaﬁaﬁejf‘?é '}ﬁ'ag‘giét% 159?1“85(};19“01"6}% ﬂidinagjrk%éée Briistal

nonmagnetT c “underl ayer” (see for exanple, Japane
S8 T S5An FhaRH Bf ld it ik (e Haic alliBubstange of oxide
of SYEARENSLL EE bW, BB Tt Al lat boundry
phpEERTLESERRTAEMS, tARcFOM QRnBHY ¢ifteT dudlips and reduces
R FhiC R R et Aiihs R BB Rgie REPE08REraips,
fof g4 haphing XB7aBaRR iRt A Y Dretiting imyphe
e HRTREH e bEFFE R b £l BeRHEFRRIC DRABIOR. low noie

characteristics are considered to be achieved.

To obtain a perpendicular magnetic recording medium exhibiting
favorable read/write performance using a granular type magnetic
layer, some proposals have been made including: control of the grain
size in a nonmagnetic underlayer (see for example, Japanese
Unexamined Patent Application Publication No. 2003-162811),
control of the lattice constants of ferromagnetic crystal grains and
crystals in a nonmagnetic underlayer (see for example, Japanese
Unexamined Patent Application Publication No. 2003-203330), and
control of the thickness of a nonmagnetic underlayer (see for example,
Japanese Unexamined Patent Application Publication No. 2003-
77122). All these proposals pay attention to the ferromagnetic crystal

grains composing the granular type magnetic layer and aim at
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nonmagneti ¢ underl ayer. On the other hand, to achieve
excel lent read/wite performance 5 with the granul ar
type magnetic |ayer, the ferromagnetic crystal grains
and the nonmagnetic grain boundary nust be -
appropriately separated. In addition, fine particles
and enl arged particles nust be suppressed to reduce
fairsdde aqmitasnal graivtheshthefesramagmetiodrystabgrains on a
depend upon spontaneous isolation utilizing the
nonopagheticandb@layer.nat eri al conposing the grain
boundary hardly makes solid solution with the
ferromagnetic crystal grains, and basically expects
spont aneous separati on between them Thus, we can

har@nytleytheathafdf tocichiehe steslliest @éadywﬁteOperfcﬂmance

nmet hod that actively pronbtes the separation between

witle ther geamaiet tepe msigaletic dhfer atlle tBerdm amidtic drystal

conposi ng the ferronagnetlc grai n boundary. I'n a
g Snldopleds AT ctit draiBboihdaly MREtPHe ropriately

d| stance between the rmgnetl c layer and the so

s & PACKAARibAY Bine ?B?tuﬂ@é t8{d b?ﬂaf‘%@&éﬂft‘i@les must be

erformance. Consequent | t he nonmagnet |

L@ert o redIRY hBRES UBI{V%E"I’%B?%E J:*é'tcgml s are methods

ess convent 1 onal p Fform
0B gt 64 ROTRBIEEL SR (T Wpety ot
t@*ﬁ@%&kﬂ%ﬁﬁ‘% R ERiT BRI aRY harflty ki SBlid
sl LS With ffe BEFrSIadiME0r§8tal grains, and basically expects
spontaneous separation between them. Thus, we can hardly say that
sufficiently studies are made on the method that actively promotes

the separation between the ferromagnetic crystal grains and the

material composing the ferromagnetic grain boundary.

In a double layer perpendicular medium, the nearer the distance
between the magnetic layer and the soft magnetic backing layer, the
better the read/write performance. Consequently, the nonmagnetic
underlayer is desired as thin as possible. Nevertheless, conventional
media tend to perform better with thicker nonmagnetic underlayer.
Thus, there is a problem to achieve reduction of the film thickness of

the nonmagnetic underlayer.
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is to provide a perpendicul ar magnetic recordi ng
medi um exhibiting 5 excellent read/wite perfornmance
and a nmethod of nmanufacturing such a nedia by
pronoting separati on between the ferromagnetic
crystal grains and the nonmagnetic grain boundary that
conpose the granular type magnetic |layer. The
SUMMARY QIoTHESINVENTPEGN cul ar magnetic recordi ng
medi um exhi biting excellent 10 read/wite performance
and a manufacturing nethod by reducing a film
t hi ckness of the nonmagnetic underlayer, as well. The
i ngntvisw off théd ghww?ﬂbblémgpumabj&%%M@ prelsensiiv&ention
studi es and found that the performances of a
isP®y peoidel hape Fpandidiel arlm d&eereire@ord th g medrhay iekhibiting
a granul ar t'ype magnetic |ayer inprove by enhancing

el read/w¥itel perfsitnaaeeidd YW asER0@ of g ufacturing
i nvention has beenh acconplished based on the finding.

sytPg' Hﬁa’lﬁhglgﬂz ?rdfﬁ_%ﬁfﬁé %e?%‘i%ﬂﬂﬂ‘ HetRHiNt Ak fePPomagnetic

I nvent i on onpri ses onmagneti c substrate, a

c@%@ﬁlig?ghiﬁ a %hbaﬂgﬁmﬁgﬂeﬁc d%fz?lglsgpﬁdfﬁééﬁ; %éﬁ g:t%?@ﬂose the

Irec on the nonmagnettTc un

e Elor P rRERncTlC PEET e FhveRflopibRaapey n ©

oIS YOI 0o DL acetlnt
R e S -
R ST R R

sel ected fromrhenium ruthenium and osm um or an
al | oy

The inventors of the present invention have made intensive

studies and found that the performances of a perpendicular magnetic
recording medium employing a granular type magnetic layer improve
by enhancing surface energy of a nonmagnetic underlayer. The

invention has been accomplished based on the finding.

A perpendicular magnetic recording medium of the invention
comprises a nonmagnetic substrate, a nonmagnetic underlayer, and a
magnetic layer disposed directly on the nonmagnetic underlayer. The
magnetic layer comprises ferromagnetic crystal grains having a
hexagonal close-packed structure and nonmagnetic grains boundaries
surrounding each of the ferromagnetic crystal grain and substantially
composed of oxide or nitride. The nonmagnetic underlayer exhibits

surface energy of at least 70 mN/m (milli-Newton per meter).
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containing at |east an el enent selected fromrhenium
ruthenium and osm um The thickness of the
nonmagneti c underlayer is 5 preferably at nbost 30 nm
A net hod of the invention for manufacturing a

per pendi cul ar nmagnetic recordi ng nmedi um conprises a
first step of depositing the nonmagnetic underl ayer

t o Advishitagaodsye theengunodgatticcanderlajiér idcomposed of a
a second step of depositing the magnetic |ayer

nritedaidlygcted fide rhombgnst et e yed smaams af aanalloy

RF sputtering nmethod wusing a sputtering target of a

coetaieiingnat leaspher éRmeatsiloctwd f¥kdAerheniant rhwkhenium,
15 Advant ageously, the nethod for manufacture of a

aRdraamduey] rhaatneknessFWHE pormdicyiBtdeifdérlayer is
substrate heating step. Advantageously, the net hod of

prefeshddy Hienyddth30igmom ssion 20 of the substrate
heating step further allows the use of a nonmagnetic

base plate of a resin material such as pol ycarbonate
or polyolefin, reduci ng manuf acturi ng costs owng to

t NeA SR hiol &Pth&ﬁﬁ%@fﬁ&ﬁ'fﬁ ufpné.a  pexpendicular

perpendi cul ar” magnetic recor |ng medi um

Cag}?étﬁﬁ %g%?é?x?%qﬁéﬂﬁyﬁ? %oﬁ*f@%‘ﬁﬁe%r 8'1?1‘:&531:%3}’6{‘ AkbORiting the

ween magneti c Ccry gral ns an

o JARTRGAEH AR T POH P e b PRER Bt 6 PRL 18Rt 70

gneti ress omagne

mANMR! A PSR StEp! &Eﬂoéﬁﬁhgrﬁ@ ?ﬁégngfi’éslta?yer directly on
the nonmagnetic underlayer by means of an RF sputtering method
using a sputtering target of a ferromagnetic material containing oxide

or nitride.

Advantageously, the method for manufacture of a
perpendicular magnetic recording medium omits a substrate

heating step.

Advantageously, the method of manufacture with the omission
of the substrate heating step further allows the use of a
nonmagnetic base plate of a resin material such as polycarbonate or
polyolefin, reducing manufacturing costs owing to the simplified

manufacturing process.

A perpendicular magnetic recording medium having a

construction as described above promotes separation between

6
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grains. Thus, excellent read/wite performance is
achieved with high 5 coercivity (Hc) and | ow noi ses.
At the sanme tinme, reduction of the filmthickness of
t he nonmagneti c underl ayer can be achieved. BRIEF
DESCRI PTI ON OF THE DRAWNGS 10 Fig. 1 is a schematic
cross-sectional view of a structure of a
fareopeagieticacryatgl e tiad nseand daonmeagiheticograim boundary that
enbodi nent according to the invention; Fig. 2
comiposer atgraru ol Gtpembgnetanlayer, and anppresgfined a
15 nonnagnetic underl ayer and coercivity (Hc) of a
fareopeagheticacry stad patdinsrendratilag geddferro magnety: cdystal
illustrates a relation between the surface energy of a
gronmnoiug; exvidid ay ecadmriicgparforenanicedsr athievied\Rith high
of a 20 perpendi cul ar nagnetic recordi ng nedi um
CHATEA 1t FDEBERIPIO W 6T e BHEA L NWNTA £¥ Sarie, pedirticad of the
enbodi nents of the invention will be described in 25
fillaetHiekiresnel ¥thé hdeheighetciond8el BE0ERAME Bghieved.
drawings. 7 Fig. 1 is a schematic crodss-sectional view
of an exanple of structure of a perpendicul ar
magneti ¢ recordi ng medi um according to the invention.
BRIEWE\SER%PEPIGI\LEFF DRAWIN@EQ v | am nating
a soft magnetic backing layer 2, an alignnent contro
| ayer 3, a 5 nonmagnetic underlayer 4, a granular type
magnetic |ayer 5, and a protective |layer 6 on a
Pgﬁ%@ﬁ%&%ﬁﬁﬁcb#g%ﬁgﬂ%&ﬂﬁd&m&meda

onh the protective
perpendicular magnetic recording medium of an embodiment

according to the invention;

Fig. 2 illustrates a relation between the surface energy of a
nonmagnetic underlayer and coercivity (Hc) of a perpendicular

magnetic recording medium; and

Fig. 3 illustrates a relation between the surface energy of a
nonmagnetic underlayer and signal-to-noise ratio (SNR) of a

perpendicular magnetic recording medium.
DETAILED DESCRIPTION OF THE INVENTION

Some preferred embodiments of the invention will be described in

the following with reference to the accompanying drawings.
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The nonmagnetic substrate 1 can be conposed of an
alumnum 10 alloy with NP plating, strengthened

gl ass, or crystallized glass, which is used in a
common nmagneti c recording medium The substrate can

al so be manufactured by injection nolding a plastic
resin such as pol ycarbonate, polyolefin, or the |ike.
15 Fig ba$ta selyertatic lezoks g dtiyeal Riéw gff @hesadnple of
formed to inprove read/wite performance by

stroituek!ofrg perpermbeealae hhgnetierecatdthdmedium according to
magneti ¢ head used for magnetic recording, although

thdéensehtiormdibei medkokhrig doavstirueeyd sy seyukeedialldaminating
soft magnetic backing |ayer can be conposed of

a %bfﬁh@é?h@ﬁi@bh@kﬁl@ﬂa?éf@.,?éhfdligﬂmeﬁ@@d@ﬁtr@l' 1¥er 3, a
, oy,

(FeSi Al or a CoFe al or mcro crystalline

néuhvagnesie @hdeelafer 90 hagranGae Pﬂ&peoﬂha%&{b@tﬁc layer 5, and a

Superior read/wite perfornmance can be ai ned” usi ng

p1steRERFP ST 600 noi‘hhﬁgrfe%ic ubIRrgte OZANUKYicant layer 7

CoZr Ta. The optinmumthickness of the soft nagnetic

stk Ed JIRYRE. | gdi ng on the structure 25
! ang cﬁ(gr acterlélt‘q%%s of the magnetic head for magnetic

recording. The soft magnetic backing layer that is
formed by successive deposition 8 with other |ayers

T Sy
AP TSN REne iehOiTRILEY G phatiatn umibnds,

w BRI 35 et s AL O RERRT Bl b bR Rt e meiRHE T he
sUBAFALE ¢ also be manufactured by injection molding a plastic

resin such as polycarbonate, polyolefin, or the like.

The soft magnetic backing layer 2 is preferably formed to
improve read/write performance by controlling the magnetic flux
generated by the magnetic head used for magnetic recording,
although the soft magnetic backing layer may be omitted. The soft
magnetic backing layer can be composed of crystalline alloys of NiFe
alloy, Sendust alloy (FeSiAl), or a CoFe alloy, or micro crystalline
substances of FeTaC, CoTaZr, CoFeNi, or CoNiP. Superior
read/write performance can be attained using an amorphous cobalt
élloy for example, CoZrNb or CoZrTa. The optimum thickness of the
soft magnetic backing layer 2 changes depending on the structure
and characteristics of the magnetic head for magnetic recording. The

soft magnetic backing layer that is formed by successive deposition

8
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nonmagneti ¢ underl ayer 4 to inprove alignnment in the
nonmagneti ¢ underlayer. The alignnent control |ayer

may be omtted. The 10 alignment control |ayer can be
conposed of a nonmagnetic material or a soft magnetic
material. In the case of a nonmagnetic material, Ta,

Zr, or Nb having a thickness of 3 to 20 nmis
witlefothelrl layexyschae paedarably nstlalckmgsshimghe i@ egel of 10 nm to
control of the crystal grain size. In the case a soft
508gmet i1t coackidegatiayeof produiceivits. uitehetdsse where the

al i gnnent control layer 3, the alignnent control |ayer

baekihe lagernefedntid bysafplateasahiechodt@nithle hbaimagnetic base
functions as a part of a soft 20 magnetic backi ng

platecheforendé posalinglothe Myaryrahe eloitkidsd xArbdincreased to
that exhibits the soft nmagnetic property can be '
s&d/dtiggh.from a nickel - base alloy such as Ni Fe,
Ni FeNb, N FeB, or N FeCr, and cobalt and cobalt-base
all oy such as CoB, CoSi, CoNi, and CoFe. A plurality
of layers can be fornmed to separate functions of

Secphp @ﬂigﬁﬁléﬁt’ %bﬁ'tréﬁ]ﬁ?;éf 2] féggfél%_r%g% ggér éd ath the

crystal grain size. nonmagneéti ¢ ayer I's

nGﬁﬁi’%gﬁQtﬂcouﬁH%gag&éf-ﬁheéd’ iﬁ%%?‘éﬁg}ﬁﬁeh%riho Hifhagnetic

Crys grains a € nonnegneti C al'n" "boundaries
SPUEHLAPER) D30, R Gy b g T
aligfEght sPHRREP ERveL BEBE $P%uBhed it oI SRR faterial
Orﬂﬁzgcgrﬁ Zﬁgsﬁ%@% %&'ﬂé’riaiom rol of the nonmagnetic

In the case of a nonmagnetic material, Ta, Zr, or Nb having a
thickness of 3 to 20 nm 1s preferably used to ensure crystal matching

and control of the crystal grain size.

In the case a soft magnetic backing layer 2 is formed under the
alignment control layer 3, the alignment control layer can be
composed of a soft magnetic material that functions as a part of a soft
magnetic backing layer. A material of the alignment control layer 3
that exhibits the soft magnetic property can be selected from a nickel-
base alloy such as NiFe, NiFeNb, NiFeB, or NiFeCr, and cobalt and
cobalt-base alloy such as CoB, CoSi, CoNi, and CoFe. A plurality of
layers can be formed to separate functions of securing the crystal

matching and controlling the crystal grain size.
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I mportant for inproving performances of a
per pendi cul ar magneti c 10 recordi ng nedi um enpl oying a
granul ar type nmagnetic |ayer. The performances of a
per pendi cul ar magnetic recordi ng nmedium substantially
changes depending on the conditions of the uppernost
surface (the interface with the nmagnetic |ayer) of the
nonfhgnronmagnédtid anderlayepdris pubeidedbe sppriameately
energy needs to be at least 70 15 nNm for
separaw thedeyronmegaetiioerystal graonegned ithecngahehgnetic grain
grains and the nonnmagnetic grain boundaries that
boandairies thatwmanplirése thy peraraghat typé apagnetidtayer 5 formed
i mproving the signal-to-noise ratio (SNR), the
diectBeencties sihderlayefreind! it athd eagte TmelNtosumress

suppressing occurrence of fine ferromagnetic crystal

odiaizhcenef fileafiadmighetiCerPgnetl i é!ﬁd_aéﬂlar%jed

obtai ning uniform ferromagnetic crystal grains, the

feT¥bheaenetRy SvaiRief erably has isotropy in the plane of
the nagnetic recording nedium that is, the surface

energy favorably does not have ani sotropy. The
nonmagneti c underl ayer is preferably fornmed with

JERAS TRy HlenibLyl! (o] A the opuBUEheiE Wiforlayer is
1#29%251%’ for %é&%ﬁnggéﬂﬁﬁgggﬁﬁfy@zﬁqﬁﬂgﬂﬁ Wagnetic

ving a he _ Se- pac _ structure.
< AR o B Sh BT By ERIATer. The
pofiBhiiheef b DR PhniCu R kB Rt Codidifle fhodium
sﬁ%%ﬁ&ll&rygﬁaﬁﬁ%gedéﬁerllai'ﬁé ‘'on the conditions of the uppermost

surface (the interface with the magnetic layer) of the nonmagnetic

underlayer, in particular. The surface energy needs to be at least 70
mN/m, for appropriately separating the ferromagnetic crystal grains
and the nonmagnetic grain boundaries that comprise the granular
type magnetic layer 5. For improving the signal-to-noise ratio (SNR),
the surface energy is preferably at least 78 mN/m. For suppressing
occurrence of fine ferromagnetic crystal grains and enlarged
ferromagnetic grains and obtaining uniform ferromagnetic crystal
grains, the surface energy preferably has isotropy in the plane of the
magnetic recording medium, that is, the surface energy favorably
does not have anisotropy. The nonmagnetic underlayer is preferably

formed with approximately uniform thickness and with even surface.

A preferable material for cbmposing the nonmagnetic underlayer

10
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The thickness of the nonmagnetic underlayer can be
reduced by controlling the surface energy of the
nonmagneti ¢ underlayer. A thickness of the
nonmagneti ¢ underl ayer can be selected at 30 nmor 10
| ess in a double | ayer perpendi cul ar nmagnetic
recordi ng nedium which needs small distance between
cahdeomeglested firayemendls hadsailoysnegviaig @ hexkigomal close-
layer. Thin filmthickness of a nonmagnetic
paocked| aystabkspuenomic demarfgthe ahbeeefdlech foetal idfarhenium,
vi ewpoi nt of manufacturing costs. For achieving

ratse g aar eniniueh, bhewd aﬂmwéoﬁﬁamm&;ﬁgﬁ dehst one of rhenium,

under| ayer, the thi tkness of "at | east nmis

rtledeiaRl, eand teenfuid B paetRidurdf faverabluf@nednerolling the

underlayer is controlled by the ‘deposition conditions
angn&ﬂénﬁ@frtmngfaﬁuwaﬂ%yb@yﬁ{a oRétie lhyee, and quantity
the additives to the"netal or alloy of rhenium 20

rut henium or osmum The control by deposition
conditions in sputtering, for exanple, can be carried

OutTHA rﬂﬁ@ﬁ?}égrégﬁﬂﬁé‘ él‘?fnﬁ)]@l% df,q:‘l %SI al Wal'l 'E)e) reduced by

sputtering r ca on power
cditrolfing, 16 SEELA60 SRitay ol PRYIGENIEA e ndBFlayE. A

“@Bnb%%?e‘%%%@f Retle{ yRte %F"'@%%“eﬁ%@%ﬁtgaeﬁt 0 nm or
leSh ok %‘b?ﬂi}égh?ﬁéﬁlﬁﬁnfﬁnfd@é ﬂ%ﬁ%{%eﬁ&lﬁiéﬁbur%d&}lm
whigh iy %@ﬁ%ﬁ@%‘féﬁﬁstl{%&?@? 38t nd UBLic gD Ehthe soft
ilghthrid bRl g T LALAT E R IRATEOER nfuhdbtletic

underlayer also produces a favorable effect from the viewpoint of

manufacturing costs. For achieving desirable growth of the film of

nonmagnetic underlayer, the thickness of at least 5 nm is preferable.

The surface energy of the nonmagnetic underlayer is controlled
by the deposition conditions of the nonmagnetic underlayer, or a type
and quantity of the additives to the metal or alloy of rhenium,
ruthenium, or osmium. The control by deposition conditions in
sputtering, for example, can be carried out through variation of the
discharge power in sputtering (hereinafter called a deposition power),
or the distance between the sputtering target and the nonmagnetic
substrate (hereinafter called a T-S distance). Details will be
described later. The control through the additives to a metal or an

alloy of rhenium, ruthenium, or osmium is carried out by addition of

11
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The grain boundary is substantially conposed of an

oxide or a nitride. Such a structure can be produced

by deposition by sputtering using a target of a
ferromagnetic alloy containing the oxide or nitride

that conposes the nonmagnetic grain boundary, or by
deposition by 10 reactive sputtering in argon gas
oxygenj alumioyge tumgstiety, agebiusn ng the ldtget of a
ferromagnetic alloy. A CoPt alloy is a favorable

material for the material conposing the ferromagnetic
crystal grain, though not limted to the alloy. A

CoPT'hal gryna bt g}"pé riﬁagtndt@@ié?réﬂ feperfortms sahgtietic recording
fromC, N, and Ta in particular is preferable for
ang@digridiets bP ceystrRbzaaines ﬁ‘vﬁth&'é‘xﬂ'bmégh@ti@pﬁéft)@fty and
conposi ng the nonmagnetic grain boundary, on the
néhheighatié gfaih Beuirl AabsEirmonredifesaehdof thé cr{8sal grains.
of at | east one element of C, Co, Si;, A, Ti, Ta, Hf,
TG in beusid Sy §ﬁb§tah§idll§fc%&ﬁfb§e&‘6f 4R'0%iA8 6 a nitride.
stabl e granul ar “structure. Though the nonmagnetic

| . .

SEER A sbPYRERY chgt H@iﬂlx‘;(l)%ée‘?l B? &@ﬁ?@%ﬁ@%gfyﬁgﬁgﬁrmg using a

oxide or a nitride o cont af nme
tel %, APEHBE RS AL LE BT SBREAEn IS Rhe 021 Or ufifride that
cofBRReS T RPNIAaBARTRORER LS HABREALY: or BPdCPRSIti6nDy
o€ S PRI bEEI B 130 BB D R faen BidHlitrogen using
a SR of % GO iRobtidB0S, ' I Cobit iy i ffqrable material
foiitt Lﬁ}é@éﬁé} ﬁéﬁﬁﬁ%&&e tlg? ﬁtﬁgfﬁﬁé’gengtiguclrtyisltgy %rrain, though

not limited to the alloy. A CoPt alloy containing at least an element

selected from Cr, Ni, and Ta in particular is preferable for reduction
of media noise. A favorable material composing the nonmagnetic
grain boundary, on the other hand, can be selected from oxides and
nitrides of at least one element of Cr, Co, Si, Al, Ti, Ta, Hf, and Zr.
Such a material is preferable for forming a stable granular structure.
Though the nonmagnetic grain boundary is desired to be composed of
an oxide or a nitride only, containment of an element that composes
the ferromagnetic crystal grain is permitted as long as the
composition is within the range performing nonmagnetic property.
The thickness of the magnetic layer is in the range to attain
sufficiently large head readback output and high read/write
resolution on read/write operation, though not limited to a specific

range.
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can be constructed by varying the material of the
ferromagnetic crystal grains, or varying the ratio

bet ween the ferromagnetic crystal 5 grains and the
nonmagneti c grain boundaries through variation of the
proportion of the additive of oxide or nitride. The

mul tilayer structure allows appropriate adjustnment of

t heéThel @rmeulet tepe mbgnetighayer os mutsknrisedotcaadsinigde layer
ot her characteristics. 10 The protective layer 6 is a

stiriotufre| butedanh hecampededagbratraeture f A reydtidhger Bbeucture
| ubricant |ayer 7 can be conposed of a liquid

canlyd eanstraicted by Wﬂﬁ@dgﬁﬂﬁ@ ehatépial ofaghid ferrbifagnetic

conditions such as the thickness of the protective

ciyital gaagnsher Wi@iih%oﬂ’ie yaeio Between the tkresmaiinétie crystal
e sa

["'ubricant | ayer can me as the conditions 15

oeARION Al {he %ﬁfﬁ%gﬁﬁﬂ@%ﬁiﬁ%%dﬁﬂ@&ﬂﬁ%ﬁgh variation of
recordi ng nmedi um havi ng the layer structure escri bed

t}is»‘t? g}gSPoY‘ﬁ%ﬁl HRPHE a6d d1te¢e YP dtildedo R n?t‘ﬂ%lbf arpgA It Iyer

hat is carried out in the manufacturi Nng process

stg‘X cifg% edllé&%ﬁ%ﬁ?omg%(?jcdﬁgﬁéﬂit o tHbalafkd gietween the

I fs exce u magneti c recording

qaT=Yg r ' are
S A rA P F e e B R ERES 0 or ocess.
The omi ssion of the substrate heating further all ows
the use of a nonmagnetic base plate of a resin

ant] PERTSRAEHYRTI R Brikedy CBLA PloBa L cpoppd bt Earbon,
P URARIE! TRYRI ALt 1898:% 28R b RIS bSe AT Hyuid
lubricant of perfluoropolyether, for example. The conditions such as
the thickness of the protective layer and the conditions such as the

thickness of the lubricant layer can be same as the conditions

employed in common magnetic media.

A magnetic recording medium having the layer structure
described above, when manufactured omitting a substrate heating
step that is carried out in the manufacturing process of conventional
magnetic recording media, still exhibits excellent perpendicular
magnetic recording performance. Therefore, manufacturing costs are
reduced owing to the simplified manufacturing process. The omission
of the substrate heating further allows the use of a nonmagnetic base

plate of a resin material such as polycarbonate or polyolefin.
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Sone specific exanples of perpendicul ar nmagnetic
recording 5 nedia according to the invention wll be
described in the following. The exanples are nerely
representative exanples for appropriately
illustrating a perpendi cul ar magnetic recordi ng nmedi um
of the invention, and the invention shall not be
| i ni\neantifernemmagnetieSilmumasx beppeoviideer betwtieenl the
magneti c recordi ng nmedi a were manufactured having a
nehnuagneticsabsatrateri and 4 sofixarpgretic biekimg layer 2.
energy was controlled by changing the deposition
power in the process of 15 form ng the nonnagnetic
substrate 4. The deposition power was varied in a

wi dsonengpetific examapleoof perpeimlicadaetihagnetid ré¢erding
used was a chemcally stren ened gl ass substrate

nfeﬂahn@c@ﬁmcgt to the rﬂn@@@t&ﬁﬂ wildilserdeserife i thecfidtowing.
(N5 gl ass substrate nmanufactured by HOYA Corporation).

Thét exafljsleri % rﬁ@ﬁalwﬂﬁpl‘e%e‘hta%ﬁ)vé\@%drﬁgﬂ@@' @@ﬁ@pmtd'pmately

a sputtering apparatus. ‘A soft magnetic backing Tayér

1R &t a&Pds '&’p@@}ééﬁ@hé‘ukﬁ‘ ﬁ‘fﬂ%ﬁétﬁ*f r@@diﬁ‘gaﬁfédlum of the

subsequently an alignnment control layer ~3 of tantal um

inAntiena atrﬂi %h@ Zﬁre‘ﬁtﬁn@ﬁaM’eﬂ@t B@Hﬁ?ﬁiﬂ:é& J:%;/ t1ge @§amples

sputtering nmetho a nonmagnetic [layer

of rut henium having a thickness of 20 nn1mas dep05|ted

25 by a DC sputtering nethod with a T-S di stance of 40
nonmagneti ¢ underl ayer was deposited in the

conditi ons of various 14 deposition powers.

Subsequently, a granular type magnetic |layer 5 having

a thickness of 15 nm was deposited by an RF sputtering

Perpendicular magnetic recording media were manufactured
having a structure shown in Fig. 1 in Example 1. The surface energy
was controlled by changing the deposition power in the process of
forming the nonmagnetic substrate 4. The deposition power was
varied in a wide range for comparison. The nonmagnetic substrate 1
used was a chemically strengthened glass substrate having a smooth
surface and a diameter of 2.5 inches (N5 glass substrate
manufactured by HOYA Corporation). After cleaning, the substrate
was introduced into a sputtering apparatus. A soft magnetic backing
layer 2 of CoZrNb having a thickness of 250 nm and subsequently an
alignment control layer 3 of tantalum having a thickness of 5 nm
were deposited by a DC sputtering method. Then, a nonmagnetic
underlayer 4 of ruthenium having a thickness of 20 nm was deposited
by a DC sputtering method with a T-S distance of 40 mm. The

nonmagnetic underlayer was deposited in the conditions of various
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met hod using a Co77CrioPti3 target (the subscripts

indicate atomc percent) with an addition of 13 nol %

Si 2. Subsequently, a 5 protective |layer 6 of carbon

having a thickness of 5 nmwas deposited by a DC
sputtering nmethod. After that, the substrate having

the |ayers deposited was taken out fromthe vacuum
depastidon goeersa Subbequemtly aggranukan typa magoetaskyer 5
of 1.5 nmwas formed by applying perfluoropol yether.
hesnng 4 thitckaessnof df5 nm wabsiemswdsbyl&m&l?‘ sputtering
conducted prior to the deposition processes. The

ettt eséngrayCamf Ca:sBtwegngetdthemibstepbasndicate atomic
determi ned wusing the Fowkes' formula froma contact

pengiet)t wath was adeldsioredf 18/ neolds GiOwt Bubsetheentdyt act

angl e neasurenent was conducted 15 using three types

pebtddtive dayereeofieh ebonah v ongraphidiaiesicof 3ndm was deposited
nmet hane di1odide, with a drop dianeter of about 1 mm

b?@D@wt@mg Akthbd. cAffacthandtlee wabsteath HRdnenthe
he sanple having the deposited layers up to the

1 3RPAEEbs e d Wals BREn Bt froththd 9deuie RdmBd e Then, a
of taking out to the atnospheric air. 20 The magnetic

luB MBS ht 195 HRAngea itk sBYff PHRRE %vﬁg f8rmed b

measured on the thus fabricated perpendicular nagnetic
i 0 [
ApPETIEE PorfRTLPDIretReF OHIERY, e IRafing (R bubstrate was
j j [ cordin
G D P o P B et onet er

The SNR and other read/wite characteristics were
measured using a 15

The surface energy of a nonmagnetic substrate was determined
using the Fowkes’ formula from a contact angle that was measured
by a drop method. The contact angle measurement was conducted
using three types of liquid: pure water, a bromonaphthalene, and
methane diiodide, with a drop diameter of about 1 mm. The
measurement of the contact angle was conducted on the sample
having the deposited layers up to the nonmagnetic underlayer after

two hour from the time of taking out to the atmospheric air.

The magnetic properties and the read/write performance were
measured on the thus fabricated perpendicular magnetic recording
medium. The coercivity Hc as a magnetic property was determined
from a magnetization curve of the obtained perpendicular magnetic
recording medium measured with a vibrating sample magnetometer.

The SNR and other read/write characteristics were measured using a

15



spinning stand tester equipped wwth a GVR head at a
linear recording density of 440 kFCl (kilo fl ux
change per inch). Table 1 shows the deposition power
during deposition of the 5 nonmagnetic underl ayer,
the thickness of the nonmagnetic wunderlayer, the T-S
di stance, the surface energy (y) of the nonmagnetic
spmoBingssandHee sted csweippegh@i ageMRchead atigrikknear
recording medium The surface energy changes dependi ng
recordieng gemsity o6 4 CI (kdosflukackangerpyr imchkases
Wi th decrease of the 10 deposition power. The
i ncrease of the surface energy pronotes the
separati on between the ferromagnetic crystal grains
andTalkde oshegnethe depositionpdaveesutiag deppsiteon d the
granul ar type magnetic layer. As a result, the He

5 nonghagseti@uthddidapbiy thethieknedsadhidsd hiodima i@ot
| arger than 660 Wresults in a surface energy I5 of at

urneksdayor ke RS désthirite, Hhe slivfa & eﬁbrgya(gb g-thekOe.

Tabl e 1 sanpl e deposition power Thickness o -S

nBhshapeetic tadeifayel HoamdoSa R of g p@i‘ye@di(:ﬁﬁ%} magnetic
(dB) “underlayer (hm 1 220 20 40 73.3273.865 14.92 2

T E R e

déﬁb§iﬁ6ﬁ;@6®ei"i thB&urTacknatsr & iRERNBREWith decrease of the

uhder [ ay 4

10 deposition power. The increase of the surface energy promotes the
separation between the ferromagnetic crystal grains and the
nonmagnetic grain boundaries that compose the granular type
magnetic layer. As a result, the Hc increases and the SNR improve.

A deposition power not larger than 660 W results in a surface energy

15 of at least 70 mN/m and a high Hc value of at least 3.5 kOe.

Table 1
sample deposition power Thickness of T-S distance 84 Hc SNR
w) nonmagnetic (mm) (mN/m) | (kOe) (dB)
underlayer (nm)

1 220 20 40 73.32 3.865 14.92

2 440 20 40 71.26 3.676 14.67

3 660 20 40 70.43 3.578 14.67

4 880 20 40 69.44 3.400 14.32

20 Example 2

In this example 2, the thickness of nonmagnetic underlayer 4
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15

16 was varied. Perpendicul ar magnetic recordi ng nedi a
were nmanufactured in the same manner as in Exanple 1
except that the deposition power was fixed at 220 W
or 440 Wand the thickness of the nonnmagnetic
underl ayer was varied. Tables 2 and 3 show the 5
results of nmeasurement simlar to the Exanple 1. Table
wassvaned. hPerpendicsldnm agaetiapoascandimgonvestiaowesr¢0
W and the Table 3 shows the results for the

iatiuare dpowehe sfar20manner ls e fseesmpde I except that the

t hi ckness of the nonnmagnetic underl ayer, the surface

depesigion ipuwenvess fixgut avi 220 tWeord 46nW el ShR. tHiekness of

Tabl e 2 sanpl e deposition power thickness of T-S

thi sbannaghetic Siderldyeronasormtied. (TablésW and(8 @how the

(dB) underlayer (nm) 11 440 10 40 64.78 3.215 13.92

rekulé4 0f M edBurén?énB sbiffilds t6 lhelEx%ﬁgw 140Téab1é 2 shows the

4.277 15.22 14 440 50 40 79.45 4.303 15.31. Table 3

rebul§afor ¢hdedopbsition power 0fi 40885 agid The PableBcshyws the

He SNR (W nonmagnetic (mm (nN m ’(kOe) (dB)
resndes fey ehe(déosition power of 220 W. With increase of the

thickness of the nonmagnetic underlayer, the surface energy

increases, improving the He and the SNR.

Table 2

sample deposition power thickness of T-S distance Y He SNR
w) nonmagnetic (mm) (mN/m) | (kOe) (dB)

underlayer (nm)
1 440 10 40 64.78 3.215 13.92
12 440 20 40 71.26 3.676 14.67
13 440 30 40 79.47 4.277 15.22
14 440 50 40 79.45 4.303 15.31.

Table 3

sample ' deposition power thickness of T-S distance Y Hec SNR
W) nonmagnetic (mm) (mN/m) | (kOe) (dB)

underlayer {nm)
21 220 20 40 73.32 3.865 14.92
22 220 25 40 77.44 4221 14.75
23 220 30 40 81.33 4.401 15.57
24 220 40 40 81.23 4.447 15.56
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21 220 20 40 73.32 3.865 14.92 22 220 25 40 77.44
4.221 14.75 23 220 30 40 81.33 4.401 15.57 24 220 40
40 81.23 4.447 15.56 17 Exanple 3 In this Exanple 3,
the T-S distance in the deposition process of the
nonmagnetic underl|ayer 4 was varied. Perpendicul ar
magnetic 5 recording nedia were nanufactured in the
Exemplerther as in Exanple 1 except that the deposition
power was fixed at 440 W the thickness of the
nonmagneti ¢ underl ayer was 10 nm and the T-S

di stance was varied. 10 Table 4 shows the results of

t helmthssriExaniple 8] the T dixtamdeid the depositieaserocess of
of the T-S distance, the surface energy increases,

tlee nemag édc Hendodl dyer $NRasBEeariedi t Beapondi@ghat neagnetic

underl ayer having a small thickness of 10 nm

5 rea@rdinechiedianw@iet imanufadrired andheestnd ni£nner as in
performance have been achi eved by 15 increasing the

Exerhple leegedyt blhat the dbbbgmbﬁqﬂw@rdvabeﬁﬁ@d atTMOeW the

4 sanpl e deposition power thickness of T-S distance

t RN 6Whé%@ﬁ{%ﬂlém@%déf dik@ls (0Bhm and the T-S
underlayer (nm 31 420 10 40 64. 78 3,215 1369

diftaffee WrdiSvartf 15. 02

10 Table 4 shows the results of the measurement similar to
Example 1. With increase of the T-S distance, the surface energy
increases, enhancing the Hc and the SNR. Even with a nonmagnetic
underlayer having a small thickness of 10 nm, satisfactory magnetic
property and read/write performance have been achieved by

15 increasing the surface energy by controlling the T-S distance.

Table 4
sample | deposition power thickness of T-S distance Y He SNR
w nonmagnetic (mm) (mN/m) | (kOe) (dB)
underlayer (nm)
31 440 10 40 64.78 3.215 13.92
32 440 10 80 78.83 4.333 15.02
20 Evaluation of the relation between the surface energy and the

magnetic property, and the relation between the surface energy and
the read/write performance was made using the data on the

perpendicular magnetic recording media of Examples 1 through 3.
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20 Eval uation of the relation between the surface
energy and the nagnetic property, and the relation
bet ween the surface energy and the read/wite
performance was nmade using the data on the

per pendi cul ar magnetic recordi ng nedia of Exanples 1
through 3. 18 Fig. 3 shows the rel ation between the
Fsgr 8aslwowsdimgyrelatiohdetoweenithia yurfide efeggy 2arsd dhe
the relation between the surface energy and the SNR
coegavityetHcdf Fige Hshoswid the redation baswekn tlee surface energy
nonmagneti ¢ underl ayer, a surface energy of the
andntieg SNR: Regraellbsy of thfe dbpbstsondbmditions bifates
a favorable property of He at least 3.5 kCe. A
nsnﬁﬁagneefteunﬂe@nay@p, aumacetdireridef theefiohaiggnetic

than 78 nW mresults in a favorabl e characteristic of

uftBriayeeof dthiemstS70lBa NVen Adhiahkstdfs¥aesisleoproperty of He at

nonmagnetic underl|ayer generally tends to cause
ledite3 5ok @d. 0 Shrfi® ERGPEY 6f ORRIHIM tiéinderlayer larger

read/ wite perfornmance. verthel ess, even a thin

tRPATERIREN/fn &*@Qﬁlﬁsaﬁg . £ATorA518 Y Sraidtistc QF‘SNI? Narger

SNR by 1 ncreasing t surface energy to a value a
t}ﬁ%ﬁsf%a%.”w m by decreasing the deposition power in

the 15 sputtering process or elongating the T-S

di stance. The surface energy can also be controlled

by controlling the gas pressure during depositing the

"o AL S AL B UGy tencs
tFERASE AR ri AR n B A P Ao Rt S hBPErty? And the read/write
performance. Nevertheless, even a thin nonmagnetic underlayer can
achieve high Hc and high SNR by increasing the surface energy to a
value at least 70 mN/m by decreasing the deposition power in the
sputtering process or elongating the T-S distance. The surface energy
can also be controlled by controlling the gas pressure during
depositing the nonmagnetic underlayer or controlling the additives to

the nonmagnetic underlayer as well as controlling the deposition

power and the T-S distance.
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19 CLAIM5 What is clainmed is: 5 1. A perpendicul ar
magneti ¢ recordi ng nedi um conpri sing: a nonmagnetic
substrate; a nonmagnetic underl ayer exhibiting surface
energy of at least 70 niVm and a magnetic |ayer that
is disposed directly on the nonmagnetic 10 underl ayer
and conprises ferromagnetic crystal grains having a
CheA\BMéhal cl ose- packed structure and nonmagnetic grain
boundaries surroundi ng each of the ferromagnetic
crystal grains and substantially conposed of oxide or
nitride. 15 2. The perpendi cul ar nagnetic recording

Wheali isrchaicnediisy to claim 1, wherein the nonmagnetic
under| ayer is conposed of a netal selected from

rhenium ruthenium and osmum or an alloy
containing at |east an el enent selected fromrhenium

1r ut heniAiperpwtilietiavthaghetic Focordie MedithAl comprising:

magneti ¢ recordi ng medi um according to claim1l or

cl aiﬁb%,mﬂ@ﬁe%ﬁ@shfb%tﬁgwagneti c underl ayer has a
t hi ckness of at nost 30 nm 25 4. A nethod of

manUhaeibohetec RRIRE1dyer athiFment sarfA€Sendrey of at least
medi um having a nonmagnetic substrate, a nonnmagnétic

7@ N/m; and

a magnetic layer that is disposed directly on the nonmagnetic
underlayer and comprises ferromagnetic crystal grains having a
hexagonal close-packed structure and nonmagnetic grain boundaries
surrounding each of the ferromagnetic crystal grains and

substantially composed of oxide or nitride.

2. The perpendicular magnetic recording medium according to
claim 1, wherein the nonmagnetic underlayer is composed of a metal
selected from rhenium, ruthenium, and osmium, or an alloy
containing at least an element selected from rhenium, ruthenium,

and osmium.

3. The perpendicular magnetic recording medium according to
claim 1 or claim 2, wherein the nonmagnetic underlayer has a

thickness of at most 30 nm.

4, A method of manufacturing a perpendicular magnetic

recording medium having a nonmagnetic substrate, a nonmagnetic
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under| ayer, and a magnetic |ayer, the nethod
conprising: a first step of depositing the nonnagnetic
under| ayer by neans of a DC sputtering nethod to
exhi bit surface energy of at least 70 mN'm and 5 a
second step of depositing the magnetic |ayer directly
on the nonmagnetic underlayer by neans of an RF
underiayéngpndtaodagaebny 1oy ap e methadcgatprising:
ferromagnetic material containing oxide or nitride.
10 & firstreteipoof dépositihgcthe nogm agaigiecdirndddayer by means of
magnetic recording nediumas clained in Claim4, the
a RChsplubie ringnmiedbiodr to exhibithguafsedsheagy dfest lewst 70
step. 6. A nethod of manufacturing a perpendicul ar
miNAnetared 15 recording mediumas clainmed in aimb5
wherein the om ssion of the substrate heating step

furd Becoal! step dhdepesitihgatiiomagneiticlapes dird@ily ol the

a resin material such as pol ycarbonate or” pol yol efin.
n@dmagnetic underlayer by means of an RF sputtering method using
a sputtering target of a ferromagnetic material containing oxide or

nitride.

5. A method of manufacturing a perpendicular magnetic
recording medium as claimed in Claim 4, the method of

manufacture omitting a substrate heating step.

6. A method of manufacturing a perpendicular magnetic
recording medium as claimed in Claim 5 wherein the omission of
the substrate heating step further allows the use of a nonmagnetic

base plate of a resin material such as polycarbonate or polyolefin.
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