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1 PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND MAGNETI C
RECORDI NG REPRODUCI NG APPARATUS CROSS REFERENCE TO
RELATED APPLI CATIONS 5 This application is based upon

- and clains the benefit of ppiority fromthe prior

Japanese Patent Application No. 2004-90673, filed on

March 25, 2004; the entire contents of which are

I NC ARRPFADICULARr BAGNEYIC HETORIUAG MEDBOCKAROUISNETIC

FI ELD OF THE | NVENTI ON The present invention rel ates

to a magneti ¢ RRIORDINGY REERDDUCING eAPFARATIShar d di sk

devi ce using a magnetic recording technology and to a

magneti ¢ recordi ng/ reproduci ng apparatus using the

sane. 15 2. DESCRI PTI ON OF THE RELATED ART A probl em
CR@PS | REFERENCE T RESATEENAPBLEGATIWNR a medi um has

arisen as recqrding density beconmes higher in response

to a ddfaf@PlicAtAOR aig dragathamony apd §1akRg Eebenefit of

device. The noise froma nedium is thought to be
PrIQE+THABPE thE RF{OY J2PRYSaE BrdGidtARp PP+ 084-90673,

.in_bit bo rj This i s because varjous factqrs
FilEARNMTEN 1 1 PHOA FrEa FRLTESIONTENSF ArgatrhARe fRgorporated

ze of grains constituting an internal part of the

heﬁ%ﬂ?dﬁ* IS Sed in determ ning the shapes of bits,

and especially due to variation in grain size,

positions where the bit boundaries are fornmed are not

k&S or noise reduction, 25 irregularities of the

BAriécor Hﬁg bit boundaries have to be mnimzed. One

1_V\ﬁym§§ d@ ki nribfgoul arities of the recording bit
boun

ariles smm Is to make nmagnetic grains formng a

Mg N GhieCot AVt ThEERELOP o1 aHRYNRNES ’ma:gé‘n%‘ﬁibgfeééaﬂﬁ‘ﬂgi fledium

grai ns become nore m croscopic 2 on o hand,
us@d e @ Rhrded ik Aedtib8Nud Mnd REmEBhet l¥GtdtdidBhg technology

resi stance occurs on the other. Here, realizing

andinid ar magiét i Yeterding/reproducing apparatus using the same.
2. DESCRIPTION OF THE RELATED ART

A problem of increase in noise generated from a medium has
arisen as recording density becomes higher in response to a demand
for a larger capacity of a hard disk device. The noise from a medium
is thought to be ascribable mainly to zigzag magnetic domain walls
inbit boundaries. This is because various factors such as awriting
magnetic fieldofaheadandthesizeofgrains constitutinganinternal
part of the medium are involved in determining the shapes of bits,
and especially due to variation in grain size, positions where the
bit boundaries are= formed are not fixed. For noise reduction,
irregularities of the recording bit boundaries have to beminimized.
One way of making the irregularities of the recording bit boundaries

small is tomakemagnetic grains formingamagnetic layer microscopic.

However, when the magnetic grains become more microscopic
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di stribution of the grains is an effective way for
meking the irregularities of the boundaries of the
recording bits smallerwithout 5 deteriorating the
thermal fluctuation resistange of the magnetic
grains. However, it is thought to be difficult for a
currently available filmformng technol ogy to nmake
ont hreghand, sa zerabilsm ofutieberionat tom inhitherdmépifigecthation
crystal grain size at a current |evel (about 10 nm
registante @ccul® o the ahiterf.or Hete areahfz angiwyidecopiain size
and uniformfilm an art of formng m croscopic and
dighribvhipores thalgrefingi 8 ar ef fetiual wayn fercankingtthe
. field (see, for exanple, Patent docunent 1 below). In.
1rRgelar Horesef thepoundeniengl thesprcoxdgpabitassphéeewithout
after filmdeposition, a mcroscopic filmhavin

- depgbERrat B Fhsrmpl GE G ua BorREAFFRECE OF difeBagnetic

and this filmis acid-etched, so that a fil m having
IrE|HRE ni HOYSYER c Lot BsLRAUBIOE U &% B tEorHet. v drErently
i S an ar:LﬂreIati to a ceramc fi

hi I, . f.ilm, .
avRLbRRLS Gion SRR SRAPROLAPE GG Hie GROLT Bger AdgE tbution
an L E8km Wb RE ReRba A e s S T AR B oo P Tabout

loeﬁ@}lgrggmﬁﬁﬂh;ed to manufacture of magnetic recording
nedi a where a great inportance is put on nass
prodygct Lan f . 0 I ' .
In a%%thgrag?g% ogg g%ggﬁét%gﬁgg%%¥%#ﬁﬁ %@%ﬁﬂﬁ% a Eaéém' an
£idleM o i it RFQh e ' n
arstrué%ufgkggﬁgggggkhQSI%?:_cr?%%%ﬁgsggkﬁgﬁb cd%§¥§ggglosed
inOXi Efha @ irG ey @See hmme&@mgibg epa Ot MkBler® 1dBelow) .
and crystal grain boundaries of silicon oxide,
al umrmueh DX pgeortd HaNby Endeadengt BN ARl diiq@n Semosiibre after
zinc oxide, and a control |ayer nmade of ‘magnesi um
f 1D de@osat £6h P El miBrAldcoy.i camid rehav ¢ Reloafda0ns(&8esi0, grain
for exanple, Patent docunents 2 and 3 below). The

boaldaeigx iier farinedi el adds dhlmaris pelidt-efghtd, aso that a film

magneti c recording mediumthat utilizes an electron
havimd dtheomicroscopic pores of SiO; can be formed. However, this

prior art is an art relating to a ceramic film having one~dimensional
through pores and requires heat treatment and so on in an atmosphere
which takes several to several ten hours, and thus cannot be easily
applied to manufacture of magnetic recording media where a great
importance is put on mass production and a film is formed mainly
in a vacuum.

In another disclosed magnetic recording medium, a base f£ilm
of the magnetic recording medium has a honeycomb structure composed
of: crystal grains of cobalt oxide, ferric oxide, chromium oxide,
and nickel oxide; and crystal grain boundaries of silicon oxide,
aluminum oxide, titanium oxide, tantalum oxide , and zinc oxide, and

a control layer made of magnesium oxide, a chromium alloy, and a
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resonance (ECR) sputtering nethod to formthe base
filmwith 5 the honeyconb crystal grain structure,
and this base filmis nore uniformthan that formed by

- a typical sputtering methody Further, it is also
di scl osed that the magnetic recording nedi um has,
between the under]l ayer and a magnetic | ayer,

t]1G an | ay r ﬁghr?é? N
nlci{gﬁs,né{altc bgt%%ée%mfcl slteél gte{l?c%s 0 tthegeg ayer]%(,alow)'

t hermely abblebpiiag eﬁEtdbtﬁISch)sesﬂ ampgmet relsobigi tue a
force and change in magnetic  characteristic caused by

magpfel fi SRATCH e CREEH™ RBAErysthlzes &t idéstrpp pyclotron
g t
cesBihed, WBY apbEsesdhhonfonad Voot U0 e it
the lborrey@ymb mra;statlalgraxndetrmdﬂamee genet alliy exksst film is
oxi des that are stable under room tenperature and

mOT et WySHNER i [ay &88hr £0THRY BY @ df ¥R tSAut teX i adt Pehod-
urgﬁﬁpggi Ry é?gyﬂa gclbgeé tﬁgga%ﬁecﬁﬁdy%t gog%cg?ﬁgﬂg

orth exi st, and erric "Oxi
medRaR 0B s Fe:%)zﬂveea}ndhsouﬁderhamr sdnd Nemtdwretat thyeﬁo a

apove prior arts particul arl%]y closes informati on on

Latiiee SRRt FORGRBer LTV eficy ) 4419 2 MASBREER petween

cryé@ahi eve 18 &d e RLEReT 1 £ eLps d'tﬂ'ge 5 tnyub%gﬁsdk@sucmn
Goits/inch2 (approxihately t/cnm), a
in mmgmitlcc cfaelmnlv&vnfngcaomed ua:heﬁmgemanmargmertmscopl C

st al rains has to be for For this
Cha]a% ‘?‘?Telcf‘%% aysef] oY nbhe WW%‘?‘%‘E WREEY GbéoﬁFEStal

lat'@fé@é al %'sn%t%lE@EU fhbe éofé@cgrcﬁ% yahader! é)é@éedmg 40

However, neither of the above prlor arts can sal d
Gbits/ have tappyoxiewiticded 6t ReChbot mAtRON ief amm:aﬁoem and

m cr.oscopi,c cryst rajns to nmake ma tic grains of

a 306°&eolBi ﬁng %thfe r?n&‘@r‘&s%ﬁ%ggi‘eﬁﬂ ‘Efﬁjr%r‘?ﬁldoes
that r@fe '&aﬁl@ﬁnd@@ngegmb@eﬂfj&ﬁ&é"a&\fﬁi oy ppebhi 8Vefessure

still higher recording density exceeding 8
and Gof¢ ﬁmﬁfcel@n(tappr oxidat by rifnt@hi t s/FenRex4mple, in a
cobalt oxide, Co0O, Cos04, and so forth exist, and in a ferric

oxide, Fe(®, Fey0i;, Fez04, and so forth exist. Neither of the

above prior arts particularly discloses information on the

- oxidation number (valency of metal).

In order to achieve a still higher recording density
exceeding 100 Gbits/inch? (approximately 16 Gbit/cm?®), a
magnetic film having more uniform and microscopic crystal
grains has to be formed. For this, it is desired that still
more uniform and microscopic crystal grains should be formed as
a underlayer. However, neither of the above prior arts can be
said to have fully realized the formation of uniform and
microscopic crystal grains to make magnetic grains of a
recording layer more microscopic and uniform, that is, they
cannot be said to have fully achieved still higher recording

density exceeding 100 Gbits/inch? (approximately 16 Gbits/cm?).
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Further, Patent docunment 4 bel ow di scl oses an
invention relating to a perpendicular nmagnetic
recordi ng medi umthat has, between a soft magnetic
underl ayer and a magnetic regording layer, a film
magnetically isolated in an in-plane direction and
made of 5 sem hard ferrite or a soft magnetic granul ar

fi | mrubitheri, NnP&bénO NModdEnétiariadied bivz @dstToddditan asvdigion
sem hard ferrite, y-Fe203 or Fe304 is used, and the

relat ingagnet ipergpeadital abi haynst comeeoediaty mefium that has,
magneti c grains and a nonmagneti c base, the soft

betwgemta soft alaghetiel undenteyaf aatl 4 maghetihe keawrdimg layer,
materi al selected fromCo, Fe, 10 and Ni, and the

a holmagqueeiticbddy lagathde af in-pieee direet ton exhd made of
fromSi 2, A1203, C, and Zr02. In the above prior art,

sefilaed deFird tgrel assoft megneddchagranuiar £oimn. niHet iipvention
property are intended for collecting a magnetic field

is sthegpigtemigedaindddit .ang hie isgplihextli berystey yeReithaor Fes04

. the 15 formation_of fully uniformand, m croscopic

18 W54 mlangt &PRsSBEL et oreapdari S11mtieh Farpesed of soft
achj eving still _higher densi_tcy recordi ng. 1_1[:Pat ent . )

maGRE R T 4P 3 P TBAIAT 1) PASEpeHD ASIAG tc ARUBRT iRograins

Hei 10-182263 ] Pat ent 2] J Pat
beify PSR TAppl 140 Ot BOTRPT JRSET 134050 pELRLrom Co, Fe,
en 35S e PRRBRRTELER Sl b S P . Mrconen
fr&ﬁ‘iﬁi&peﬂl pl i ca%hganb\lo. 2003- 228809 25 SUMVARY It

'S ‘@h “dbjett’‘of 't he present invention to overcone the

PLEPHTERL AL BUE AEECTBLaBERTE JER IS semihara
or A& AL IB bRopEK PR BYRREhBed for collecting a magnetic
field steeply from a head, and no implication is given that the
formation of fully uniform and microscopic crystal grains of this
underlayer is intended for achieving still higher density recording.

[Patent Document 1] Japanese Patent Laid-open Application
No. Hei 10-182263

[Patent Document 2] Japanese Patent Laid-open Application
No. 2001-134930

[Patent Document 3] Japanese Patent Laid-open Application
No. 2002-163819

[Patent Document 1] Japanese Patent Laid-open Application

No. 2003-228809

SUMMARY
It is an object of the present invention to overcome the

problems in the above-described prior arts such as large grain size
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grains of a magnetic layer in a magnetic recording
medi um nore microscopic, and to provide a magnetic
recordi ng medi um having a m croscopic nmagnhetic |ayer
with small grain distributiog and good 5
crystallinity. A perpendicul ar magnetic recording
medi um according to an aspect of the present

dishyvébit ton iam] uigstad liadtpgdet ¢ candisiionatie;, ma&ihigrségnetic
under| ayer fornmed on the nonmagnetic substrate, mainly

gradvnpostda afagned:ild ddyeor inoa enagleitice d dovmdiaggmedpum more
consisting of 10 Fe2(3, Co3M™41 MO, MB03, M3XM4, Si 2,

minfogBop It OAndate Broridaral meawietdccresonding aiewium having a
growi ng in a columar shape and crystal grain

nigsoseerie sagnetdgntiayrer midhcepalhigngia déstyibution and good
nonnmagneti ¢ second wunderlayer forned on the first

crifbatl 8y and having crystal grains wth one of a
face-centered, cubic structure and _a hexagonal 15 .
cIos@-Q&EPSBdé?Fb%¥LW%QQﬁPiH A§CORALRE @?é&ﬂ%ﬂaQﬁQQQ%§g to an
of the fjrst underlaye a. magnetic |layer forned on

asphgt ?&Biﬁﬁ Rﬁ?&&nltaiy%ﬁf n‘éﬂrﬂi‘ IRchrdeRt B {}émf"f“ﬂ?ﬁ"f%ﬁ fagstrate;

a Plest df‘?r%ql:'%é’re&d SBHRG.B A e oAl g SEBSC ARG nehainly
Cmﬁ%?%%%&"ff s P Rk meRF LB A e @ diamgensisting of
Cl (':Jéj Oﬁonﬂ’g@nehh U§’fc5 :2[& a le‘id Stziulfﬁl% gglrd having

Fef&(ne@ |c SU

oxfye % “ﬁ?%éf%%olﬁvéo@ﬁ%}ﬁ%%‘i@‘%%%ﬂlggggﬁéoﬁpﬂn

bo@Rda L s @ PdundM Bgtﬁéyéf:fi’étegi 51 ;0 ggninggﬁetlc second

col umar shape an crystal”graim 25 Boundarie

un@&f1 iEBembA %rﬁfMétﬁ'rs%r@hd&la@éi%‘ﬁ@%'&%tlhg SBFEAM grains
underl ayer fornmed on the first underlayer and having

with Ysidloraifge-tehepBd 6liba: faGRcttiHeehad aURkRagonal
structure and a hexagonal cl ose-packed structure

clgsovpatke sthacenystgtowdiiraj B8 ohe 1§ sftals§rins of the first
underl ayer; a magnetic |ayer formed on the second

undebayerye n; magulet fo (ragteac forted drl whbosaeshdmrdeglayer; and
magnetic | ayer; a nmechani sm supporting
a protective film formed on the magnetic layer.

A magnetic récording/reproducing apparatus according to
another aspect of the present invention includes a perpendicular
magnetic recording medium that includes a nonmagnetic substrate;
a first underlayer formed on the nomnagngpic substrate, mainly
composed of two kinds or more selected from a group consisting of
Fe;03, C0304, MgO, MOO;, Mn;304, 8i0,, Al,0;, TiO,, and Zr0,, and having
crystal grains growing in a columnar shape and crystal grain
boundaries surrounding the crystal grains; a nonmagnetic second
underlayer formed on the first underlayer and having crystal grains

with one of a face-centered cubic structure and a hexagonal

close-packed structure growing on the crystal grains of the first
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and rotary-driving the perpendi cul ar magnetic
recordi ng nediunm a nmagnetic head having an el enent
recording data to the perpendicular 5 magnetic
recordi ng nedium and an el engnt reproducing recorded
data fromthe perpendi cul ar magnetic recording
medi um and a carriage assenbly supporting the
unt@ghejérs; Remadgnevadllayer! dbivedtan tthe spespendidatlayer; and
magneti ¢ recordi ng medium 10 BRI EF DESCRI PTI ON OF THE
a pbRARENGTe Eigm fbrinedanstiremadnet icy Dspersea neohahism suppdrting
a perpendi cul ar magnetic recordi ng nmedi um accordi ng
and arare yedirasiingnt he fperipendies bat magnedriic vacoFiing heddum; a
a schematic cross-sectional view of a perpendicul ar
magfie g heniddawiowr dn red emetiturecsbing data Goablee perpendicular

enbodi ment of the present invention. Fig. 3 is a
mageeieHariecorAdpg -Reskiumbapd an ehepent neprpdngiing|acorded data
magneti c recordi ng nedium according to still another

frephehs mexpepdicuharpragneftiq Feserisng pediymy; ang & garriage
schemati c cross-sectional view of a perpendicul ar

asﬁ%‘@‘h]eif i%Jmla‘ignﬁhﬁ’eﬂﬁﬁ%%%%&?ﬂqﬁémtv@%t rehgthge to the
enbodj nent of the presené,inven,ion. Fig. 5is a

perRe idfe BARRT RoWPRGEAIRY MY M of a magnetic
recor di ng/ reproduci ng apparatus according to one
enbodi mrent of the 25 present invention, with part

s e B Oy Bt 3 8 o oectonal view
(Ecosnn 7Ry gl SO0 £l S0 E0BR0 T efhucusas

maGRLL AL 95%??#‘?‘&.**‘%E@uf“iéc@f’%@iﬁ?}?i:?ne 2RBoaMNREhERE the present

et ween ness and Cr grain size in a
intdfision Underl ayer of Myo-40 nol % Si02 Fig. 8 is a
graph showi ng the correl ati on between conposition 5

rati @ignd SARM:aREndelNBesss088esididNviayior #pdrpendicular
crystal grain size
magnetic recording medium according to another embodiment of the
present invention.

Fig. 3 is a schematic cross-sectional view of a perpendicular
magnetic recording medium according to still another embodiment of
the present invention.

Fig. 4 is a schematic cross-sectional view of a perpendicular
magnetic recording medium according to yet another embodiment of
the present invention.

Fig. 5 is a perspective view showing a structure of a magnetic
recording/reproducing apparatus according to one embodiment of the
present invention, with part thereof being opened.

Fig. 6 is a cross-sectional view showing a structure of a

perpendicular magnetic recording medium as an example of the

embodiments of the present invention.
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in a first underlayer of CoO x nol % A1203 Fig. 9 is a

graph show ng the correlation between fil mthickness

and SNRm and between filmthickness and crystal grain

size in a second underlayerqof Pd. 10 Fig. 10 is a

cross-sectional view show ng a structure of a

per pendi cul ar magneti c recordi ng nedi um as anot her

exanmplig.of id hgraphbadwingtReebrirbapiesbatwean Enlm@hickness

Fig. 11 is a cross-sectional view showing a structure
andfsNem qaet pehdéeen |l mneEgivdines sr amd cadyayabeaim sizestinld first

anot her exanple 15 of the enbodi nents of the present
undaevkbagenmi BgDAKOEDODESERPRTI ON  ( Expl anati on on

Exanpl es) Enbodi nents of the present invention will be

descFiilge® Witehgraph sbbwingddea correlalrian hgbvedncomposition

these drawings are presented only for an illustrative
rapip peceSHNY and betwesn rprpesiktoprasdatanhesictah gradn size

a result of_ assiduous studies, the present inventors
inpavELr gy wdlesdeyeraptt AR08 Mol g -Ret hod real | zes a

- perpendi cul ar nmagnetic, recordi ng medi um whi ch_ha

m cr gé@op? E vl "i‘rﬁﬁﬂ%lil F‘EOU?L%\? ngﬁPFﬁeéﬂ%}‘Pn ESth?%ﬁ‘ Fl%‘PEBleness

istrib on and od cr stal li magneti c
ang sTkRan e Fesein FE8 Shirkasos e rien: & Shet 4 da a second
nd whi ch capable of hi gh-density recording with
un@«;gg]fqurr aﬂfsfip noi se. Specif i cally, a layer nmade of

i e I BLIR o st b Be LITHAL fvisel BoRTRY b YcinRe of a
oy T A B O e e

enBOABRARY & The gg%ggﬁttiﬁgbn{fgd(a t he anneal i ng

tenperature, and oxygen dénsity of the oxides 5
wer e ghiWr t Ner; ARPLOBEkakebyi S0 Aldednogng MistiiRture of a

m croscopic crystal grains wth regulated grain

peﬁ@éﬁdiéiiﬂdro hayBeeiebiatiating Mewtiumdasesond wWdehkay8kample

for inproving crystal orientationwas forned
of the embodiments of the present invention.

DETAILED DESCRIPTION
(Explanation on Examples)

Embodiments of the present invention will be described with
reference to the drawings, but these drawings are presented only
foranillustrative purpose and innoway limit the present invention.

As a result of assiduous studies, the present inventors have
found out that the followingmethod realizes a perpendicular magnetic
recording medium which has microscopic magnetic grains with small
grain size distribution and good crystallinity, the magnetic grains
being well split by a nonmagnetic substance, and which is capable
of high-density recording with small transfer noise.

Specifically, a layer made of crystal grains that were regular
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on the first underlayer. At this time, crystal grains
of the second wunderlayer were grown in a columar or
an i sland shape on the crystal 10 grains of the first
under | ayer, and crystal graigs of a magnetic |ayer
were further epitaxially grown on the crystal grains
of the second underlayer. Consequently, it was
anfloasd 1l dnt grabh a&izet Sestnigneidc waayebtaineédidn such a manner
m croscopi ¢ magnetic grains uniformin size and well
thaplai fifstommdeel syt hede of Twadcdordli ogmbreart @sipbest wad formed,
the present invention, by the annealing in the oxygen
andttid spleares; wash envegbed ingmadxygvetndsphere f | The composition
underl ayer is made uniform and m croscopic. The second
rathdetchgpenehdingierperagurey snditherdasmendens ity diokhedxides
on the first underlayer, and the perpendicular | .
wekagherther Annrapyipket Hefonbrokrd0 Sthdhadn theomiggpscopic
uni form and m croscopic magnetic grains w.th good .
cryglat gra g ywidle r508dr8ed. IR ég]t?efrﬁlll-'y{tlpp jgre obtained.
ossi ble to reduce transfer noise of the
Neg

br pEREPRALRACTAGRET FOT 1APEPVHNY REUF TR 4GS 1AGTA I was formed
onthiy FLEFDynaBr LKAt Aorth e aBIHe I LIS BEfie jecond

erpendi cul ar ma 5 recorm|%$

netic ., Next
undeh oL g PR b e T shapasepsaystal
o8Bt T I e bhae L Fee S0 Briftal P4 0% of eonadnecic

08's sec
1o RV, HRE P B LNGOELIA TR B30 BETG ene

! ! : b _ N
se%xll% hhfnad%.?l:}zg{éﬁ & %%k%hﬁﬁ@' Y® $9sNB8s8iftd U ‘Hkﬁ:dal'?l the

under 2, 'a second” underlayer 3,

ma§FEPEN Afdrdha PR GlicGds@¥plic Mlagidtdi@ gHa@h8Chn Veorm i size
g &

are stacked in this ordefr on a nonnagnetic 5

andURs11 a1 il frvit Bee adotheF| cant |ayer can be forned
on a surface of the perpendicul ar magnetic recordi ng

medi wach@dihgatbulhi §8pdct DI Rhas ppeskhuoi ppohyrideby the

is applied thereon by, for exanple, a dip nmethod or
anhégl indkein the oxygen atmosphere, the crystal grain size of the
first underlayer is made uniform and microscopic. The second
underlayer for improving crystal orientation is formed on the firét
underlayer, and the perpendicular magnetic layer is further formed
thereon, so that uniform and microscopic magnetic grains with good
crystallinity are provided. Consequently, it is possible to reduce
transfer noise of the perpendicular magnetic layer without causing
any deterioration in thermal fluctuation resistance torealizenoise
reduction, which enables higher-density perpendicular magnetic
recording.

Next, embodiments of the present invention will be described

below indetail with reference to thedrawings. Fig. 1l schematically

shows a cross section of a perpendicular magnetic recording medium
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In this enbodi nent, the crystal grain size of the
first 10 underlayer 2 is nmade uniform and
m croscopic, so that it is possible to nake the
crystal grains of the perpendicular magnetic |ayer 4
uni formand mcroscopic. In the structure such that
the first wunderlayer 2 mainly determ ning grain size
10anccgrdinyg diosbné betibaiimentthef sekonskaseder iayentBon. In Fig.
fornmed on the first underlayer 2 to control 15
1, dilieemagh&ic akecbirding ysddumgt Gihas afstirhetpeependhich ar first
magnetic layer 4, and the perpendi cul ar magnetic
untigybayer 2erarsgcondtirdesiayed 3 uadertpyreticBlarenagnetic layer
provi ded on the nonmagnetic substrate 1, and the
4, padpe mdiodeicad vaslgidet b @nea@’eaclﬂecl indpiisaqider png opnmagnetic
the second underlayer 3, which nakes it possible to
subgtrderide tHeriencauiubrigagt {agey gapobenfpiged on a surface
m croscopl stal grain size ohtained in the first
dﬂ#&‘ﬁfilfaﬁl@i%e?lc Facersingenpdiwpendl cifi ar lubricant
rmnetlc er 4. In this enbadi ment, the first
su%d%ﬁ I%%Féﬁlu HBQli’ﬁEh‘@%? a’rsnlaé’r%lﬁd bBERAAR P¥t (fRet Grample, a
made of . two or nore of oxides. As a nmethod 25
dlem?UF?ﬁrfbrttﬁ@ gﬁk&‘ under | ayer 2 to be regul ar and

n size di,stributi

ol | O Ke: ROEOAPERemine Chsced geneh, sige (F e, First
anBEei e 54 UBOSH TSR S a&%agsg% 20 NGL8EL & possibie

anne e
f f
B R SR e «

un| ﬂ?‘ﬁﬁ reg 1dfastc§‘§>leou'fﬁ? t‘?lfe %’EkQBEIJPQ LQch Withil @ 2 first

ar uniformin crystal grain size.

un@@ﬁﬁ&yéﬁb' hidifGy detelRiNDAE Radhes PR @nbh@tafh 8h¥EL8bution,
structure bef'ore the annealing is anmorphous. This is

th@%‘é@dﬁ?ﬁ uRIEERd Y93 fdrmPbhethd € iassWidRM1WRiesh2 RScontrol
been phase-spli't before the annealing, only pronotes

ori&etPiasto s pheldryR8adyd ad nBfethdber peR@IMEl £ W&§ét ic layer
structure cannot be obtained. Further, it is nore

4, paed ertedbperaid ientaof magnet 1c dfaytero skifotmed on the second

underlayer 3 are provided on the nonmagnetic substrate 1, and the
perpendicular magnetic layer 4 is epitaxially grown on the second
underlayer 3, which makes it possible to introduce the structure
of the uniform and microscopic crystal grain size obtained in the
first and second underlayers 2, 3 into the perpendicular magnetic
layer 4.

In this embodiment, the first underlayer 2 has the grain/grain
boundary structure made of two kinds or more of oxides. As a method
of forming the first underlayer 2 to be reqular and uniform in grain
sizedistribution, the followingmethod, for example, canbeselected.
Afilmtobe the first underlayer 2 is formed and thereafter annealing

is applied in an oxygen atmosphere. Consequently, a film with a
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10 or nore of the oxides before the annealing is/are
in a netastable state. The netastabl e oxide here
nmeans an oxide that takes a snmaller valency than a
val ency thought to be the nogt stable, under room
tenperature in terns of stoichinetry. Further, even a
substance having no netastable oxide will do if it is
cereapnrextidnt bEoggin isize dbsarikitidmbbe satwdeform amorphous
produced by sputtering or the like, or if it is in a
fismaie pHaswapllizcinnghe caxygerf Buitdhtion depandimdgoos £ilm
a substance, a substance in a state of pure netal not
regel apxand 2edi famy ibecuygetialngtaim sifzd.he net ast abl e
oxi de. An oxidation reaction of such an oxide in the
met adtcabpdaseaspliROinmn ide ifsumplier ppebemalele ibhatha crystal
course of the annealing in the oxygen atnosphere, and
strarure eefane whekanasadingi ¥ nyndiphamsof BRis Uk dipcause
(phase-splitting). Therefore, if a stable oxide )
anpeabhpyg, &fi apRlied ke afFesPmificiubes heap phase-split before
di ffusion, which will be an obstacle _to the
thgharreahing 1 9fgd YpPEeBekes sEhasphaste apd idkdeq pRg pnmore
.t he oxygen_ at nosphere, annealing in pyr e .oxygen
miGrASEHIET IS ] SEROSEHER| COpRds & Ot IHEEr ef abl o
since,anneal ing.in the atposphere woul d cause .
el GURSRESy i AereR P ERRAP L B ot CBya L gh tvo kinds
i t he. pro S_ti and tenperature 11 can be
or M o Tumsa il BEROehothe Stngdiane f5/ffe (i Feblstabie
sté‘EQPS%%rrfeﬁ %54 o%{i'HéSHQEé ﬁe%a%{&gﬁfé‘th%%%%s #Bflaller
I ed i [

SO on). e annealing 1S conduc n a vacuum

vaién elil‘%[r?k&l %ai@ﬂgy%ﬁ&lékgcl g:hoSto@t %h@hﬁ%ﬁ .sac retdir ﬁinﬁgr room

pressure of oxygen'is as as possi

tempbPARSF ALY @erRBNSAl 41081 A infetl§PEF@HNS | aRGe & 8llbstance
400C to 700C is preferable. However, by giving

ha¥ it her meei QAebk Al (@ 13NHOXEdA! L8R enp@Rai®9 brdught into
| ower -t enper at ure process becones possi bl e.

a iEReEtdiadl byaté pridiicetiope st tadigat bR HY QGR8S, of NiEF it is

followi ng three 10 reactions occur: 1. an oxidation
inrgastatod o aidst lBcRifyriAacexy@yes ; Further, depending on a
substance, a substance in a state of pure metal not yet oxidized
may be used instead of the metastable oxide.

An oxidation reaction of such an oxide in the metastable state
can be further promoted in the course of the annealing in the oxygen
atmosphere, and this reaction works as a driving force of diffusion
(phase-splitting). Therefore, if a stable oxide already exists,
the annealing causes little diffusion, which will be an obstacle
to the phase-splitting process.

As for the annealing in the oxygen atmosphere, annealing in
a pure oxygen atmosphere at an atmospheric pressure is preferable

since annealing in the atmosphere would cause inclusionof impurities

suchasnitrogen. Bysuchannealing, theprocess time andtemperature
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2. phase-splitting occurs between the oxides; and 3.
diffusion toward an inner part of the substance
occurs fromthe surface layer. In 1., an anount of
oxygen | arge enough and tenpgrature high enough to
start the oxidation reaction are only required. In2.,a
relatively 15 | arge anount of oxygen is required but
cahhee resipeeadt dopaestl widh BBosdidhanhealinghin the atmosphere
tenperature needs to be high but little oxygen is
(mirediatadsphibee effon Etragereabkypgedt aadrsel ah ) Velnf tloswannealing
tenperature range from 300C to 400C can be applied if
istdemduedetli iona tvevarudh , t e isipredierpbai y afnduotesiubs baslzete where
IS not necessary. However, conditions 20 of the
a panebdl myagseael pidokfgen dpersdihighonst pess bkneds for the
and conposition ratio of the underlayer, and thus
temperapuret enneafliol at sa nempesatyrel retgadroin 406°C to 700°C
~annealing, an ionization process using scattering or
is apreferphieon process using acid or the |ike may be 25
adopted. By the annealing, a regular, uniformfilmcan .
be f&PWEYSTpUPY | AL btRRrITH G FPRSATBERLEERD &0 131 Mxidation
appropriate control of the conposition ratio of_ the
realt

r i% & FIPERaFTE]. P haremegoRrpBStPion

A B B 0 G5 e B S 01l ehres

reSEystallinity and an. dee tha&.tends to be face laver:

‘E%’r%‘??oﬁ‘s‘. “Eb&se%’bé’ﬁtlﬁ?, *PREBXi-dRIATH FobY 2 S9F yeri
Linity f t al ' d.t '

2. BUSLaLbI EEdnd SLOR-EEXRLBL, 962LAS 43R A% 0K 8 L1 covara

phoUsS TOF s "Crysta ai i boun
an it B Fort o B eede b o, B G R e

(e WSS ot R el el retdf MR Mt REgh gnousn

| toEESrﬁ%Méb%&dﬁfibﬁ%ebétﬂgﬂ@BE%&Q?&%_'ErbﬁatZﬁﬁfﬁ,arelatively

m croscopi c crystal grains are easily fornmed. The use

laPde Andant L Gyt Tk Peqiit®dHER Bife thApei¥shab Ml Aot be
boundaries is suitable for formng the crystal grain

higipundar 3 psid Rempbheyutentbdds be werihobst 1ittle oxygen is
required. Therefore, annealing at a relatively low temperature
range from 300°C to 400°C can be applied if the reaction toward the
inner part of the substance is not necessary. However, conditions
of the annealing greatly differ depending on the thickness and
composition ratio of the underlayer, and thus appropriate control
is necessary.

Instead of the annealing, an ionization process using
scattering or an oxidation process using acid or the like may be
adopted. By the annealing, a regular, uniform film can be formed,
but in order to form a microscopic film, appropriate control of the

composition ratio of the oxides is further required. Though the

composition ratio of the oxides depends on each combination, it is
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particul ar, Fe203, Co3™, and MJO are preferable as

the oxide formng the crystal grains, and SiQ2 and

A1203 are preferable as a substance formng the

crystal grain boundaries. A etastable oxide can be 15

easi |y produced from Fe203, Co304, MgO, while SiO2 and

Al2(3 easily cause oxygen |lack as a netastable state, _
prapdribls tbhéemisind afad:i e wii 8h adodnt ageeabl Siitseahd an oxide

nore easily pronotes the phase-splitting reaction.
th&tetenddltyg ke mmoaphpeascertagequent g, okhdeot ddaniwigh good

the crystal 20 grain boundaries relative to all the
crysbal hinkey ffommsngrysieal igrstinsuanériley exidel $h@0%dmils to be

50% More preferably, it is 35%to 45% A nolar
ampepheus apymsf dnysedral2g¥ais bowndmoiggh to split the

crystal grains, and a nol ar percentage of higher 50%

r esul?t SubAtppoe rkrmiagsithe forst h@d@rggwspf Jrembenpehected

they are split. 25 Preferably, the first underl ayer 2
forsse Frrn EPeCen®RrdntisC MR, M0 c BAfs s Ade01 RiP1-02BY Z10:.

Mh. A thickness smaller than 1 nm results in .
Theeies i Yr £928pr iGPCey M4 MeCey A Ms04 | 3RANY HReSRaFRpMical

2, which leads to poor crystallinjty of the nagnetijc
CORBRRRI 5 [ C¥S SPhCPERLEY 1° 5 YARIRITGRSe hohhet | Bhe

i bESHEATE b AL PSS M iy TR HPELSE5 . o,
i k0.5 b Yo s A LERES poh e WAL e g rorming
hE A g AGCbo 3 8 LU 18 B gaorptous. 1o
pabEBRFELL VecUb a0t n R oL RGN AU otorming
thﬁic“rry%stlcé?péfaiﬁg‘i Lo {6, 84q wndsr hﬁéghe&ﬂﬁﬂ@ B8% substance

ere. is i1nmportant for the second underlayer 3 to

Forfli A eh e ItSistlall §e8%n abd V1 dde ABRdieid ad1dyY @kiie can be
epitaxially grow “thereon, and the second underl ayer 3

cafEBf prdAURRIde Elcbier ¥, gl Ovo o), Mdls GhYs$basi@) anAsafo, easily
the first underlayer 2. As such a substance,
cause oxygen lack as a metastable state, and thus this combination

is advantageous since it more easily promotes the phase-splitting
reaction.

Preferably, amolar percentageof theoxide formingthecrystal
grain boundaries relative to all the substances forming the first
underlayer 2 is 20% to 50%. More preferably, it is 35% to 45%. A
molar percentage of lower 20% is not enough to split the crystal
grains, andamolar percentageofhigher 50% results in lowereddensity
of the crystal grains when they are split.

Preferably, the first underlayer 2 used in this embodiment
has a thickness of 1 nm to 30 nm. A thickness smaller than 1 nm
results in deterioration in crystallinity of the first underlayer

2, which leads to poor crystallinity of the magnetic recording layer
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a substance having a face-centered cubic lattice
structure or a hexagonal close-packed structure wth
t he cl osest-packed face 15 appearing is preferable.
The second underl ayer 3 may fazave a uniform thickness,
or may be nonuniformin an island shape. Further, for
still enhanced crystallinity of the second underl ayer
th8rebbevé) rssi thandeol sy afendsmay becsedjeect Rdtiiclaiesds pger 30
such as a renoval process of oxygen covering a
nnsauses d nchreasefin iynkt ia guaisisantehé magheyitc hecsedimgllayer,
underl ayer 3 of this enbodinent, an all oy containing
soathdeaneismekidsd toeliocredsésrom Pt, Pd, and Co is
usabl e. Such an alloy has an advantage of good
cr ystAd thaispptdesingfmetiwod h iacﬁdm@@-i@rgﬁﬁl $putrigting method
t he second underl ayer 3 may take granul ar structure
us PRy GHIROF itRetardresd asablar ﬁ}kﬁ@t yrebleokt & mylhhtarget
oxide, a nitride, A and a carbide. That is, the crystal
SPEFE?%%ngmmﬁ¥nﬂd1ﬂ%§nﬁfﬁﬁ§§ﬁFﬁ °$mﬁ%ﬂPQQ$¥¥9'ﬁBQﬁHéGC%§
the crystal graln boundaries conposed. of the oxide,

the Mt d@h afECPRS %‘é‘}‘%ﬁ]&éfersé £R&t TMRECKHRY Frystal
orbgﬁ%ifa r rlgl t : ucci F)%l?ﬂlbg @%ggﬁgéﬁ%{jgg:tﬂlgorrgy&rs?copﬂgarlayer

thereon, .,The se ond under |

2 SRELR Nkt . °F0 "l RS R 1Sk PLRE SE &R MRt ager 3 o

nafREY, B Rh R R0 Bl e el B i g oo

th t 'a‘hdr %ﬁgr%é%]c%l:ci e rtlgg §°§ dlese%lst Iggt écc‘&‘}ee.l.;{vdﬁrow on

ncrease cknes nn1resu S In Si

th% g%%%so ta {RIRS Life Qrﬁ‘ RSyndr 1 Irrggn Eﬁcaoéﬁbggance,

at noil se ten S tOo I ncrease.

a §ﬁ5§%ﬁhé€“ﬁﬁdﬁﬁ§e% %aHE¥cQﬁ€B%éd]éﬁbléﬂfﬂ%%léaaﬁ€rué£hf5‘or a
the crystal grains of the first underlayer 2. Furt _

heRi§bei PRI Nbs e phickeanserhet vLE Ry it 1He/ Tdkedtay Qéked face
formng the second underlayer 3 differs by wthinl0%

appediey dkPrasreeabhel Welie s8€osd watak18yalr BsmdPhAvBG uniform
the first underlayer 2. If the

thickness, or may be nonuniform in an island shape. Further, for

still enhanced crystallinity of the second underlayer 3, the first

underlayer 2 may be subjected to etching such as a removal process

of oxygen covering a surface thereof.

As a substance forming the second underlayer 3 of this
embodiment, an alloy containing at least one kind selected from Pt,
Pd, and Co is usable. Such an alloy has an advantage of good
crystallinity even if the thickness is small.

Further, the second underliayer 3 may take a granular structure

in which the aforesaid metal substance contains an oxide, a nitride,

and a carbide. That is, the crystal grains made of the aforesaid

metal is surrounded by the crystal grain boundaries composed of the

oxide, the nitride, and the carbide, so that the grain boundary




10

15

20

25

difference is nore than 10% it cannot be said that
the crystal 15 grains of the second underlayer 3
selectively grow on the crystal grains of the f irst
underlayer 2 , so that it isynot possible to introduce
the uniformgrain size distribution of the first
underlayer 2 to the nmagnetic |ayer. The perpendi cul ar
sthagoeid Gid awde 4issinet hlyhicopeesefromnot® grimeglRPtting of
Further, the perpendi cul ar magnetic |ayer 4 may be
théonaget by laystradloraedt whepeomdre | ayers of magnetic
| ayers different in conposition. Further, since the
annedhengecond pphdedl dyefor3e pirielferabépasas iaothiakness of 0.1
cool i ng process nay be provided before the film
nngeEdsini oA thiskaesaBesardanfbrinimyeshbtpin peatdiceysanllinity
magnetic layer 4 may be selected for use froma CoPt
of gtheseqpndoondgrilayer a3 Cotrirth diepdg, to spapCryBtalilapity of
a CoCrPtTa alloy, a CoCrPt-Si02 alloy, a CoCrPtO
thgmpgyetacgﬁgppﬁlqg@gygrp@yregﬁdspﬁ@qﬁqg;squﬁndsto1ncrease.
particular, the use 15 of the CoCrpPt-Si 02 alloy, the
A %@@%%PV@? 2y FRS e P 192 ifIquspse) of magnetlc grains
preferable These all are advantageous in that %
oF 4P g5t E?%ﬂfcﬁr DHPUREar SO IAta RGeS Pri SR dnctease.

e B B o S BSL n svce
I h t al d

on PUETGERVE TR HUOSR, chRCEELNE! Bladttpabgender
MRgngd, ‘Eh%%t 'lﬁf‘éfe‘iaarblsf fé‘ié@ﬂcé’h‘%@%@ﬁ tt@%r%%%ﬁngrains

cont en
[

AT ALy RS £ BRI 0+ B 440 e
be%é&ﬂ AL PS AT g%%tlﬂéafd)ﬂﬁ‘}ncjl%h%f 'dé%t_L Er'zg. If the

not prom nent [ ubri can ayer can e or me

dlfflé #n%%e Qﬁéﬁeﬂq}%:ml% cangaet 15& %aeﬁﬁrt‘i’l'a%gthe crystal

I um 1 exanpl'€, on'a surface
gri)ﬁliﬁ%’ﬂlt‘h@ Sécod Melded 1hgrer 3 sdllect ivel ageowlord e crystal

protective layer 5 by coating the surface with a
graims b£ane fSueBuadderlayer 2, sothat it isnotpossibleto introduce
ﬁhe uniform grain size distribution of the first underlayer 2 to
the magnetic layer.

The perpendicular magnetic layer 4 is mainly composed of Co
and Pt. Further, the perpendicular magnetic layer 4 may be formed
by a stack of two or more layers of magnetic layers different in
composition. Further, since the annealing is applied before £ilm
deposition, a cooling process may be provided before the film
deposition.

A substance forming the perpendicular magnetic layer 4 may
be selected for use from a CoPt alloy, a CoCr alloy, a CoCrPt alloy,

a CoCrPtB alloy, a CoCrPtTa alloy, a CoCrPt-SiO, alloy, a CoCrPtO

alloy, a CoCrPt-TiO, alloy, and the like. In particular, the use
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15 perfl uoropol yether by, for exanple, a dip nethod or

the like. Fig. 2 schematically shows a cross section

of a perpendi cular magnetic recordi ng medi um 20

according to another enbodi ngnt of the present

i nvention. The structure shown in Fig. 2 has another

| ayer, nanely, a third underlayer 6 provi ded between
oftthe: cesand ginderillayert 9 cdcapeo kheoperrensk cotapt-Tio; alloy

magnetic layer 4 in Fig. 1. This can further inprove
ispnesiealabilel t yTidsd Aelopgnrald advayiedgedhissihsitmcehey are good

formng the third underlayer 6 can be selected for
inusysftadnr fert apdanp | o rde in RugnetRe, artifsot@opy,, LGeleRtellent

and CoCrPtB. In particular, the use of an all oy
incoesbdsame Rgaifst theRsalsfpuefwtblnne. BRSpddizskly when the

subst ances are advantageous in that the magnetic | ayer
magnstiy laysint gendhiys gexyeen hdihsoprystgl $rain boundaries are

schematically shows a_ cross section of a perpendicul ar
magg ghiettiinctecer dited ARYLtRIRY ofcwBEd hdgagaedip| actions can be

anot her enbodi rent 16 of the present invention. As ) i
fughbok PrAmREgd - 3 The QE¥gehEgREENES fayidie mygpghipdayer in this

|nterposed bet ween the first under]ayer 2 and t

ROIRASIRRARLY SADLFr oA @ ToPHerfEom B abiotpdi e wddpy which

2 gp@%@é@%%@%%ﬁ% Qe 1 AP G e 1y gptaration

fmadlumhav a _per Eendlcular magnetic | ayer on a soft

of JBIFRET#4 151 ROthPE° ﬁé?ﬁ%%dlcular doubl e- 1 ayer
nedl he so netl er 7 morks su h th
recordlnérlcaﬁ l%y? fro% ;ge§agne? z¥ é%e

pe]gér e Iﬁécﬂ%ﬁ é(.eorpcg%gq %g‘ﬁldl‘?gggr%ﬁo%g‘“gt%t%ﬂ“ asurface

u ar nagne ic T 1z

b
o RAEES B QSRR 514 0081 0,30 BREOR fcpecesve

1a§éft5 05 td‘&%t&%@%h@”sﬁf:fh@é ﬂﬁ@l{‘eé Gprieadt Qﬁéh' 8s
capable of playing a role of allowing a steep and

pesHlfid bty eﬂﬁ%&p§?q|§ékaéx i dipehdtheabsrappti Bfke.

to the recording layer the nagnetlc field to

i npr ovig . ef EERERAEVCATLY BhHRs &f bl Eept 0ol Hperpendicular
magnetic recording medium 20 according to another embodiment of the
present invention. The structure shown in Fig. 2 has another layer,
namely, a third underlayer 6 provided between the second underlayer
3 and the perpendicular magnetic layer 4 in Fig. 1. This can further
improve crystallinity of the magnetic layer.

A substance forming the third underlayer 6 can be selected
foruse from, for example, Ru, RuCr, Rh, Hf, CoCr, CoCrPt, and CoCrPtB.
Inparticular, theuseofanalloycontainingRu, Rh, orReispreferable.
These substances are advantageous in that the magnetic layer easily
epitaxially grows thereon.

Fig. 3 schematically shows a cross section of a perpendicular

magnetic recording medium 30 according to still another embodiment
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As a soft magnetic material used for the soft magnetic
layer 7, used is a material high in saturation flux
density and good in soft magnetic property such as
CoZr Nb, CoTaZr, FeCoB, FeCoNg FeTaC, FeTaN, FeN,
FeAl Si, or the |ike. 20 Further, as shown in Fig. 4, a
bi asing | ayer 8 such as, for exanple, an in-plane
of iiedpragmet iiavenkibnan aanshdwd HenPoneti, ca kaYermagm¥tic layer
the li ke can be interposed between the soft magnetic
7 caayey it ansbsddigetiorsmghe fiess ungerabhged 2dreivohée nohimggnetic
3. The soft magnetic layer 7 easily forns a nmagnetic
sudstmate dndnsfiilge hoi Frowicling thenséofit ammetdgndeayer 7 high
domai n. Therefore, by applying a unidirectional
innpayettic Hampiedbididyr adsaltsli irea isvrcafl ledepbirpsidicular
| ayer 8, a bias magnetic field is applied to the soft
dowhlerelavey modiuy Nagrimgde pespeddicebar magnethe layer on a soft
generation of a magnetic domain wall can be prevented.
magpet 17 1ayesi nd N Wi pereend inudaridaublehgyeringadum, the soft
structure so that_ anisotropy is finely dispersed, .
magRet ¥hyL ey EnPPEES STl JdatagnEEFer dbihitRINeSic Bérhg from

a ﬁ%&éﬁg E]%S gé:ssu%é%{\ S(-j‘_,g : gégﬁ_jle%of Sed a{ﬁ? rg’otrhrenagne“t:izinc_:]
CoCr Pt Ta,. Cr bt C, Cr Pt CuB, , CoCr.RuB, Cr. Pt

B AP ARG L oSO bRt IHFORoBIePPLe] Ly passes
CoPt,- Si Co Si. (2. The .t.hird dey | 6

eneRR O £ AT P & Hre P oS hradiiga-ayBug the sott

| f film.d j L b .

aoffO P08 TPl | SHBCERORAS FOTEL DU mifrr i

BB RSB BRGsE  ARAR gpien

peSpbd P81 A mﬁﬁﬁéﬁ%@sfﬁﬂht?ﬁttbaﬁ@ ’a%lﬁ_leﬂskbctﬁé'ki%cro%‘ing layer

urther, the f be

or the |ike. sane fects can

of SXIREGlRFhaMieN ra e3Hr £8C emProddYe i dikR8¢ RANMRgNEti C
15 substrates is plated wwth a NP alloy or the |ike.

redbrd reproduayebnQf the protective layer 5 can be
provi ded

As a soft magnetic material used for the soft magnetic layer

7, used is a material high in saturation flux density and good in
soft magnetic property such as CoZrNb, CoTaZr, FeCoB, FeCoN, FeTaC,
FeTaN, FeNi, FeAlSi, or the like.

Further, as shown in Fig. 4, a biasing layer 8 such as, for
example, an in-plane hardmagnetic £ilm, an antiferromagnetic layer,
or the like can be interposed between the soft magnetic layer 7 and
the nonmagnetic substrate 1 shown inFig. 3. The soft magnetic layer
7 easily forms a magnetic domain and spike noise occurs from this
magnetic domain. Therefore, by applying a unidirectional magnetic
field in a radial direction of the biasing layer 8, a bias magnetic
field is applied to the soft magnetic layer 7 formed thereon, so

that the generation of a magnetic domain wall can be prevented. The
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on the perpendicul ar magnetic |ayer 4. An exanple of a
substance formng the protective layer 5 is C,
di anond-1i ke carbon (DLC), SiNx, SiOx, CNx, or CHx.
20 As the nonmagnetic substrgte 1, a substrate nade of
alum nosilicate glass, chemcally strengthened gl ass,
or NNP-plated A My is usable. Alternatively, a
biashinqliaget 8 camastgcat sken inh1 bi Dingsr sbeattuwsssthatanisotropy
for exanple, a crystallized glass substrate, a Si
is dlinsflyad espers@ds ulisdrediyepravdint Sups tllaatye masyndthie doneein from
is usable. 25 Fig. 5 shows a perspective view of a
beimgneas Cly rfepmedi.ng/ r epr oduci ng apparatus according to
an enbodi nent of the present invention, with a part
t her @sf abelaging sedsaialedsedsfahdne biias by, ldyen Bi,susable
per pendi cul ar magneti c recordi ng apparatus 500 has 18
is §0§§§1i n§OSIPLR, &OCEELEAgGPErPEEX COREBECURt ROGRRBPeROCIPLWC,
face, and a not-shown top cover screwed to the
CO@ TRy @%ﬁwafydpl GPEMY t GOBE, CRR&ws GOSTENEs e CPRE-$ 4y, OF

openi %of the casing 51. The casing 51 houses
CotRRFRTHLO029 magneti c recor di ng medium 5 52 using the

achiBe ERAPpBVROAYE fodtRn R nBRARE CACo YRR ¢ and the
o RS RGBSt b st BUE A0Sk B 5 o sun
recordin nd repro%gcw si r}glito_/fromthe
A% ragniet o T gcdrt?l r?é’u g ; arriage assenbly 55
h ,
et Oy AR FRYls shsetrace,
an%lg%q_tlo Eﬁﬂgtééltéelaaﬁﬁvgulg%trot at e&hcoif‘cfﬂé%i QQﬁface,

medi um a rotary shaft y supporting t
cefé’rﬁié@gﬁbs€§§€8b|a)’pf§stfc %%Q%r&@é' diUEHé 13 kel Otﬁifﬂi&r, the

and positioning the carriage assenbly 55 via the

sap@baE¥ctdahh pebexpitt < Medtla adREAER a& anéﬁ:ﬁthéélé hoRRagnetic

The perpendi cul ar magnetic recordi ng um accor di ng
substededs i¢f plecarhadhmeniisp f{11die dif ekentLikaventi on

is usable as the magnetic

At least one layer of the protective layer 5 can be provided
on the perpendicular magnetic layer 4. An example of a substance
forming the protective layer 5 is C, diamond-1like carbon (DLC), SiNx,
$i0ox, CNx, or CHX. |

As the nonmagnetic substrate 1, a substrate made of
aluminosilicate glass, chemically strengthened glass, or NiP-plated
AlMg is usable. Alternatively, a nonmagnetic substrate with higher
heat resistance, for example, a crystallized glass substrate, a Si
substrate, a C substrate, a Ti substrate, or the like is usable.

Fig. 5 shows a perspective view of a magnetic
recording/reproducing apparatus according to an embodiment of the

present invention, with a part thereof being disassembled. As shown

in Fig. 5, this perpendicular magnetic recording apparatus 500 has
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recordi ng nmedi um 52 of this perpendicul ar nmagnetic
recordi ng apparatus 500. 20 Hereinafter, the
enbodi ments of the present invention will be nore
concretely described, using gxanples. Exanple 1 A
nonmagneti ¢ substrate made of crystallized glass for a
2.5-inch magnetic di sk was prepared. This nonmagnetic

a sabbig @le in?8 westqiaded bbxaskasewmithanbepeniddp &ace, and
vacuum degree of 1 x 10-5 Pa, was heated to the

a netpEiadnutepotodid Gcranwddvias thebiasieng Slow€h a plurality of
magnetron sputtering in an Ar atnosphere at a gas

scpees s ecfsd) . ePaopl OpEnisg, of hchencramigwe Gilc
substrat ewas di sposed to face a target, and DC500 W
was dhscikrasged $b hdusasatdereinkeaahygietin mecording medium
layer to a thickness of 40 nmas a backing . .

32 pning de perpgrdicylagouapnet e rrenaigtiag sedtypraageyding to
formed thereon as a biasing layer to have 5 a

eaghj ek idws aprvesdgrrrdhed an&fy 8otpimdle motor 53 as a
ferronmagnetic layer,. a CoZrNb soft magnetic | ayer

drjyen RathPURARESS AndbotaretEerIRRE LC TREPEAL R Meddnm 52;

the CoZrNb soft magnetjc |ayer, a FeO.Si o2 | ayer as_a
2 FRYRTE i AL i ToRard Hidadch GeRE0UG IS TGS &P/ fpom the

[ FeO 30 % Si 02 di sch I .
magitic HEoRRaTRaRT i a: b AT AP ST S g ov1ded with
{ .t 0.500C i t . at
2 SRR bR o e s BRGBEY R MR RS €48 pitaRE ama movan1y
su c?)q:tir?é LRk ﬁlggnﬁjﬂls g}%g&e{) 4"@?—21899{!8 }cﬂ %g%?r?%%ertivc\:ﬂ gecording

nmper ure, r as a secon

on t fi deg | t .a . thick ‘
med P82 iy ShatP gt BBkl RRHTiAe! b i iace
asé\@iﬁglﬁ%f he Jdickarsil RofOPPPRi L d8mdethndl pb&Peibning the
at % -10 at % Cr) -8 nol % Si 02 was prepared and a
cakPPidd 28s@abl ¢ PeRAiCHharrot®gN8hh et | $9/Lhn¥es HdBlplifier

on the Pt underlayer to have a thickness
circuit 58.
The perpendicular magnetic recordingmedium according to each
of the embodiments of the present invention is usable as the magnetic
recording medium 52 of this perpendicular magnetic recording

apparatus 500.

Hereinafter, the embodiments of the present invention will

be more concretely described, using examples.

Example 1

A nonmagnetic substrate made of crystallized glass for a
2.5-inch magnetic disk was prepared. This nonmagnetic substrate
was placed in a vacuum chamber with a vacuum degree of 1 x 107° Pa,

was heated to the temperature of 250°C, and was subjected to DC

magnetron sputtering in an Ar atmosphere at a gas pressure of 0.6

Pa.
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of 15 nm Finally, a C protective |ayer was fornmed to
have a thickness 20 of 7 nm The substrate on which
the films were thus continuously deposited in a
vacuum chanber is taken out {go the atnosphere, a
per fl uoropol yether lubricant |ayer was thereafter
formed to have a thickness of 1.5 nmby a dip nethod,
and whesebyha maimaenettdlsabst2atsegsetiisposedaodiarg a target,
medi um was obtai ned. Fig. 6 shows a schematic
and IDES90sie elaisadied cha reyedstowihegt argst ; tbeveby dforiiag a Cr layer
resul tant perpendi cul ar magneti c recordi ng nedium As
to shdwridkmeskeordnnmg ast ai sagielpe mbnmabaet immghayec. A CoCrPt
recordi ng medium 20 50 has a structure in which a Cr
fenoemagpritic layem 48 f21r0e6r Phere@m ragimaghsas tng ahypsrer1 8o have
a CoZrNb soft magnetic | ayer a FeOSI2 first
a thig&neggcrt 25 np. Ppﬂs@t%ﬁesl}ﬁﬁéﬂt WP}gfe:éromagnetlc layer,
CoPt Cr-Si 02 perpendi cul ar magnetic |layer 14, a
a Gtk epie I‘laéJ}’QtJ-YSlaEéﬁr‘iaW&tQ ALEHHRAS| AU LOL MR Waﬁyg?med
are stacked in this order on a nonnmagnetjc _ substrate
1. Fi P&Feaﬁ%%ur%‘?ﬂre"rhe WA SpdhsHRIRFHH e]t"’é’cﬂrrror"f‘ Feo-$10,

M Crosco s conduct_ed o t he égerpen

aYier A o T br R ST Te VAR SGRH COGHIh CiGkngss of 10

on (R0 A5t [ °rd'f3531n§§? o r%zf%aﬁgegf i cdifetfiding soow.
ey Ehrtar e SR onl S E e v Rdced fip, s00°C in

an B4 4o Sng il 8 A R pEFr Ut oo R S dn B A AR ed for

3 fMge i mage having 100 grains or nore at a noderate
estimate was taken as inmage data into 15 a conputer

fromgxpl aggted EiMé r&'&%t@‘ﬁt@ FRENESS L 1N rBbmOEmperature,
thousand$ to 2 mlilions. This i mage data was

a PtTBSPePaeCL 5ednathdRerddYedias Forfeabwthee ristyahaériayer
grains is extracted. Then, the nunber of pixels of an

to IHHRS apahickbésowriad Ay bﬁms:m;t aupt esrfaxarinded isdherging

nunber of pixels is converted to an area by using the
pesooTher Néxpj xal $he Pt layer, a composite target of (Co-16 at$%
Pt~10 at% Cr)-8 mol% Si0, was prepared and a CoPtCr-5i0; perpendicular
magnetic layer was formed on the Pt underlayer to have a thickness
of 15nm. Finally, aCprotective layer was formed to have a thickness
of 7 nm.

The substrate on which the films were thus continuocusly
deposited in a vacuum chamber is taken out to the atmosphere, a
perfluoropolyether lubricant layer was thereafter formed to have
a thickness of 1.5 nm by a dip method, and whereby a perpendicular
magnetic recording medium was obtained.

Fig. 6 shows a schematic cross-sectional view showing a -

structure of the resultant perpendicular magnetic recording medium.

As shown inthedrawing, this perpendicularmagnetic recording medium
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20 per unit area, thereby finding the area occupi ed by

each of the crystal grains. Next, assum ng that the

crystal grain was circular, the dianeter was

cal culated fromthe area of gach of the crysta

grains. Defining the cal cul ated value as the crystal
~grain size, an average value and a standard devi ation
500hat he stysitalregrial hithes QErLorniyitht i25 fRamt hey, a CoCrpt

grai n boundari es each having a thickness of about 1 nm
ferpomZgmet ive Layebsied vadcdetiie enftheagnetdical agerills. a Fe0-S1i0;

Taking this thickness of the grain boundaries into

Tfirshsunkdesltdymr, 18n avetagecond exndpriayerdilSt anc€oRb€r-Sio;

cal cul ated. 21 The result showed that each of the
pefpesdicmber Imagmetiz, laker $écond padechize 13yeuntl5, and a

the perpendi cul ar magnetic layer 14 was forned of the )
nogrykeown lybziasnbilaey areabhacked isfthisoordar om apgnmagnetic

the standard deviation of the grain size distributions
subfbBF@®® Ivas 5 0.5 nmor les s . Further, a difference

between the average inter-grain distance in the first

underf*&Per BOASHENG Wilkhhi h & SOEPHE S kAR R eG/gon Pacroscope

was about éO@b Next %hglanar nﬁgg taken_into the

ffh

(TR Ry FoPAE hed v "eBRABENALOR 1A% HBORE0IE HAKST 1410F the
b REFRE it M L S5l Rep 8D, et st
o1 BEE L 1oL PR g ARSI 0L 17, e sccons
onEE RS 24 3hcPRRIR Sl 485 b el YL, ol fltin.
b ARLALTEY 50 B S0 O3 A BICEA B 2 i fayers

£oTBIREd kel BYElowithg PBS&@dﬁ@é, FEFEkarady ofle ﬂﬁé(@eg@ﬁ%lai.ng 100

symretry. Further,” four distinct peaks Wwere obServe

graiS® drmareREE RbALFREE Atliffatkhfad MBNGHORSBIhAYL data into
whi ch backs up the assunption that grain arrangenent

a coaputee-fdoredpianal TEMEGH R &€ ¥mayhd fiive@h B o D00 theusands
peak arrangenent, the grain 20 arrangenent is
tqhamﬁgan@hby sghietikibge data was image-processed and a contour
of each of the crystal grains is extracted. Then, the number of
pixels of an inner part surrounded by the contour was examined. The
number of pixels is converted to an area by using the number of pixels
perunit area, thereby finding the area occupied by each of the crystal
grains. Next, assuming that the crystal grain was circular, the
diameter was calculated from the area of each of the crystal grains.
Defining the calculated value as the crystal grain size, an average
value and a standard deviatirornrof the crystal grain sizes were found.
Further, grain boundaries each having a thickness of about 1 nm to
2nmmereobservedbetweenthecrystalgrains. Taking this thickness

of the grain boundaries into consideration, an average inter-grain

distance was calculated.
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Further, local distribution of elenment density of the
first underlayer 12 was exam ned, using an energy
di spersive X-ray spectroneter provided with a
transm ssion el ectron mcrosqope (TEMEDX). As a
result, it was confirned that there existed such 25 a
structure having: crystal grains mainly conposed of
Fe20Fheandsult whoaedgt Rh dxmmedrties fiaskl ynderposad 12, the
of Si02 and surrounding each of the crystal grains.
sebdiend undeaid ajteray3 didifd abei perpassimdmnhagast torndyered4 was
on 22 the perpendi cul ar magnetic |ayer 14, a strong
foCea RIf S22 cEPota) gpabks wadlobsgragd. s Roelihgbowtvé nm and
measur enent conducted on this CoCrPt-Si Q2(00.2) peak
the dwedlagdodiecigtsian bifnthe gwiatin sizeldfistalibetiongtthegieof was
the peak being 5. 5 Using a magnetizing device )
O-Eﬂ@ﬂniﬁfﬂMtFME#hQﬂe@ﬁi@%ﬁ@ﬁ@@?beﬁW%%@hb@ﬁ@eraﬁﬁénﬁﬁr-graln
. 1185A/ m (15000 Ce) was_applied to the resultant
dipkapeedndiieafirigHedeelavebldiang Falt dmEe setord gpjerlayer

in the radiial direction of the disk-shaped substrate,
13tﬁ%§¢%¥“ﬁhdﬁ@rizing the ferromagnetic layer of the

e, oL Lol el 565 900 e BnEhR5 L e same
S1701MP fact d by.US AJzl K .
maISE A g OE BRRYEnEREh T et e aRdeyaP LatIPTred to
i R G R B RRRERAL oho PEiE HBegoRBER 16" S g

d I t f '

pef RS 82 Briin t BBt Or. Phe L LB W ayer 12 e
secdia BalRRIA0LE 1O HRTERP p R R a0 B daver 14 was
evhl@fted¥ dih Wis Gpbar®nt EHEL NS o %Eaih§?£ééﬁ&ﬁggé3%%fore the

nmeasur enent, the nunber of rotations of the di'sk was

tr8®d Fd AN LEMeABH 81 MERS UF £k iDQTiddraRye@s 18] Xele 28econd
at a radial position that is 22.2 nmapart fromthe

und&flHfer AS,aafi@ it perbenascRDSS nlg@ietdcoDipen 12 ,0@Bdre was
medi um i n whi ch

regularity of hexagonal symmetry. Further, four distinct peakswere

observed also in a spectral image after the transformation, which

backs up the assumption that grain arrangement has two-dimensional

regularity, and judging from the peak arrangement, the grain

arrangement is hexagonally symmetric.

Further, local distribution of element density of the first
underlayer 12 was examined, using an energy dispersive X-ray
spectrometer provided with a transmission electron microscope
(TEM-EDX). As a result, it was confirmed that there existed such
a structure having: crystal grains mainly composed of Fe,0;; and
crystal grain boundaries mainly composed of Si0O, and surrounding

each of the crystal grains.

Next, when X-ray diffraction measurement was conducted on
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SNRi (reproduced signal output S : output with a |line
recording density of 119 kFCI, Nm rns val ue (root
nmean square) in 716 kFCl) of the nmediumwas 25.5 dB.
Further, an attenuation valug in a | owfrequency 25
range out put 50 KFCl, which is an index of thernal
fluctuation, was a good value of -0.005 dB/decade.
theoperparid i lRmampgaet idsl ayeO Mg at s¢eongr peciptcrdiary, (00.2)
magneti ¢ recordi ng nmedi um 23 a perpendi cul ar nmagnetic
peakcwsgliolgsemadidim Raskibf asneet measheement combonsrechon this
that for form ng the perpendi cul ar magnetic
Co€EROF SOy (@2 )npedB sifowddegecxdioplyetdlbxuipy wilthta AaTif-value
| ayer was fornmed as a first wunderlayer to have a
witlbh ckdhedse gdeald berimlgy 5tising a Ti target. 5 The
resul tant perpendicul ar magnetic recordi ng medi um has
t he ¥@&hadl ayergnatizdingr dewsce rovdidedheipbraesdiectranagnet,
magnetic _ recordi ng nedium 50 shown in Fig. 6 except
a I%a}@ettu%fwl@tofuhagwéwérlSOpg QF ¥ Wapeappligdto the resultant
nmeasur enent was conducted on the first under] ayer
pefperd yep ks ppg BﬁFlﬁ éﬁﬁ’é’ﬁéﬁ%‘&l %ﬁ’dlﬁﬁ‘g ABtYEE AL d"he radial

medj pm d.the .grai si.ze distribution of nma
aLeHR (4F e AR slinnn | Syertigte. &b&ﬁ%@amagﬂ@tmng the
result sho d t hat _t r.ain si tribution t
ref e Toystohr e, Bidpiyd' TRt oL P iR e Fadial
gnduct ed on a second 15 underl ayer showed that a
]él e nce between an average inter-grain distance in

P S48, BTl 1 R S
mazqggiéﬁl?hrgg' tgg}"@é acgﬁlg ﬁ;al .%%O %?&?n@?%%&{kg%&%rﬁ% é:gil%%@‘céhst ic

wa@ Sl MtbedPbh YRS l%cp gbﬁfgeﬁ&@@f&f‘ rn?&f&%{gtl‘ﬁa?fecordlng

conducted on this Co 0. 2) peak, a value

medHon Was OfX al f@ibﬁﬁ_r@ﬂi@pﬁ:oﬂﬁl: Yfg “Méi'dh 8fs i@ elfRfnetic pole

When a recordi ng/ reproducCi ng char acteristic was
typ¥ bRl for a recording element, and a magnetoresistance effect

was utilized for a reproducing element. The headused had a recording
track width of 0.25 um and a reproducing track width of 0.15 um.
Further, at the time of the measurement, the number of rotations
of the disk was set to 4200 rpm and a measured position was fixed
at a radial position that is 22.2 mm apart from the center.

As a result, it was possible to obtain a good medium in which
SNRm ( reproduced signal output S: outputwitha linerecordingdensity
of 119 kFCI, Nm: rms value (root mean square) in 716 KFCI) of the
mediumwas 25.5dB. Further, anattenuationvalue in a low-frequency
range output 50_ kFCI, which is an index of thermal fluctuation, was
a good value of -0.005 dB/decade.
Comparative Example 1

-As a comparative perpendicular magnetic recording medium,
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in the sane manner as in the exanple 1, SNRL was 19.8
dB. Further, a value -0.13 dB/ decade was obtai ned as
an attenuation value in a 25 |owfrequency range
out put 50 kFCl. Therefore, i43 has been found out that
t he nmedi um according to the exanple 1 using two kinds
or nore of oxides as the first underlayer exhibits a
a patgaadichidmachagnst i€ rebandt hgtmeafi uitheap robra i2vedned it same
according to the conparative exanple 1 using Ti as the
mahhests thatdoradyemingthmperp@nddctihar magsetindecbagengmedium
12, a CoO 30npl %5i Q2 conposite target 5 was prepared.
50 popettpe rekiaoyllsr lImegaept cthadcer dilndayedi was viisrmed as a first
fabricated in the same manner as in the exanple 1
undgrbayer Hen have aalidviekoeaposftEl trap gt usdfdugedi target.
instead of the FeO 30 npol % Si 02 conposite target. The
r esulThénregal panti perREndisyHes PagBebidi FREMEiINghgddun has
10 the sane |ayer structure as that of the _. )
thief #ad ol AU s HGHETEC 251 BR3E Rhd e dsimendisHédr pagnetic
Fig..6 ex&e t that the first underlayer 12 is
re‘d?’?‘?’e%ﬁ‘?. l@@nﬁ%ﬁgm'&ﬂ b9 aRPXIRRfe T prb ddSsT Hep hapderlayer
. cgng ct e%“on the firstunderlayerl20of the resultant
15 et bRttt ar magnetic recording 15 medium 50 in the

oot PERRS Lt W PR e P et e o e
ol UER Aol BN SIS TARCERUL mSBVEY e oran
si%%t&]i&ﬂfb%ﬂfg,foﬂt é? I%%?%Qi(# sgii“ral S ﬁﬂdtﬁ’e Sf%%@ﬁ}l%dgflayer was

viation e gr Ution was
Fu i L £S: Wi b thie
exglggﬁ?d'l Epng?roe Séﬁ%aém/veﬂ?)r‘%go ser vedéﬁi%%we%%eatl Ek??"y}g’?‘g’i‘ Bhezeot

wa8' 86 Nngm e the | ocal distribution of elenent density
of the first underlayer 12 was exam ned using a

TEM EBHi1hE]1 Y@ STES Ofiéd SilRndntata 16BE E8nauE 668 Gors UL seond

structure having: crystal grains
underlayer showed that a difference between an average inter-grain
distance in the first underlayer and that in the second underlayer
was 20% to 30%. Further, when X-ray diffraction measurement was
conducted on a perpendicular maénetic layer thereof, a strong
CoCrPt-Si0,; (00.2) peak was observed, but when rocking curve
measurement was conducted on this CoCrPt-5i0O, (00.2) peak, a value
10° was obtained as a half value width of the peak.

When a recording/reproducing characteristic was evaluated
in the same manner as in the example 1, SNRm was 19.8 dB. Further,
a value -0.13 dB/decade was obtained as an attenuation value in a
low-frequency range output 50 kFCI.

Therefore, it has been found out that the medium according

to the example 1 using two kinds or more of oxides as the first

underlayer exhibits a better characteristic than that of the prior
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mai nl y conposed of C0304; and crystal grain boundaries
mai nl y conposed 25 O Si 02 and surroundi ng each of the
crystal grains. Further, when TEM neasurenent was
conducted al so on the secondgunderl ayer 13 and the
grain size distribution of the second underlayer 13
was exam ned, a difference between an average
med Duk fac@oaidingi 56 aheccaiipd et isfey sk ahp PO 1068img Tinas the first
first underlayer 12 and an average inter-grain
undesiayere. of the crystal grains in the second
underl ayer 13 was 10% or | ess. Next, when X-ray
ExampIieazti on neasurenent was conducted on a
per pendi cul ar magnetic |ayer thereof, a strong
CoCr Ps-1i92irgounderlayee iR , watrOhonektSiRocwipepite target
curve nmeasurenment conducted on this CoCrPt-Si 02 (00.2)
wapepkerptowkd Joparpeydicilamimagnitiny sefarding npdium was
w dth of the peak being 4. Wen a
fabetertrhgm &heodres MRpTEYFAT 8t £R ihe @X\Rﬁ@lévhl@ﬁt@éﬁi thﬁt the
the sane nanner as in the exapple 1, SNRm was 25,
ab?%?t?&ﬁpos%ﬁ?z%?rQFFeﬂaﬁtP%ﬁdv%ﬂ§ﬁ?4419¥Iﬁﬁﬁ-FP@qﬁgh%Vlﬁ $10;
ran e out ut 50 kFCI was a good val ue of -0.008
co e same |nproved ef fect was al so obt ai ned
se first

Lﬂa@%&i%g'&% Wér%e GG hepREe 55 SR e dim has
eof B0 A 80 ) o SRR g
| %

S TR 0y A g e

2COIM, dAtio in a target and do not represent a
1 COHﬁ%%#%é?réﬁl o of the oxides in the film Each of the

r eSUligiNbpRELPREHS S Widl iNRgE eﬁfd‘cés%‘i‘?{gdwage NEsidict®d on the

has the sanme [ ayer structufe as that of

£iPSE RRALE TaN&F 19BERBL &suﬂ%@ﬁ&@é&@eﬁﬁibﬁﬂh§ﬁa§ﬁ@ﬂ@c kFBcording
Fig. 6 except that the first underlayer 12

medidh svenh théeamemamel & inhehé Sdnipaet 1 %fnﬂeﬁﬁié GHadh size
magneti c recording nedia, the |ocal dlstrlbutlon of

dieteimidicieosciysoal yheihs bStthe first underlayer 12 was examined.
The result showed that the first underlayer 12 was formed of crystal
grains with a grain size of about 5 nm, and a standard deviation
of the grain distribution was 0.8 nm or less. Further, grain
boundaries with a thickness of about 1 nm to 2 nmwere observed between
the crystal grains. When the local distribution of eiement density
of the first underlayer 12 was examined using a TEM-EDX, it was
confirmed that there existed such a structure having: crystal grains
mainly composed of Co30:; and crystal grainboundariesmainly composed
of 8i0; and surrounding each of the crystal grains. Further, when
TEM measurement was conducted also on the second underlayer 13 and

the grain size distribution of the second underlayer 13 was examined,

a difference between an average inter-grain distance of the crystal
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25 underl ayer 12 was exam ned using a TEMEDX in the
sane manner as in the exanple 1, it was confirned that
there existed such a structure having: crystal grains
mai nly conposed of the aforegaid oxide X; and crystal
grai n boundaries mainly conposed of the aforesaid Y
and 26 surroundi ng each of the crystal grains. On each

gr@ind he vresed fsntn@er ngpst c2bad Afpgetide LREOr ditiin distance
medi a 50, grain size was exam ned and a

of rdroediyegAL e DchiC i Aot he acantdetndér Tayes 18vahs ditsdpr less.
using a TEMin the sane nanner as in 5 the exanple 1.
The fNelicowivhgnttbtay Hififowettibe messhtemertTallsecohdXcted on
Grain Thermal conponent conponent size SNRm -
a fanpendichdarofagietat dawsmihedsy{ dB: steremipfoCrPt-51i0; (00.2)
targettarget Exanple 1Fe2Q3Si G2425.5-0. 005 Exanpl e )
pezk W Q88 ems25. RecKOR Buavs! seasurges OpseBlurtiepdeg this
Exanpl e 2- 3MOO3Si O2722. 5- 0. 012 Exanpl e, . )

CoQrRmpHBicns t@edpproab shrvedkgensd erystallinity with a half-value
2-5Fe203A1203425. 2- 0. 019

width of the peak being 4°.

When a recording/reproducing characteristic was evaluated
in the same manner as in the example 1, SNRm was 25.5 dB. Further,
an attenuation value in a low-frequency range output 50 KFCI was
a good value of -0.008 dB/decade.

The same improved effect was also obtained in perpendicular
magnetic recording media whose first underlayers 12 were formed by
using oxides of various elements represented by X-30 mol% Y composite
target (X = Mg0, MoOs:, MnsO4, ¥ = SiOz, Al,0,, TiO, ZI.'Og) other than
Co0-30 mol% Si0,. Note that composite ratio of the oxides X and
Y represent a composite ratio in a target and do not represent a
composite ratio of the oxides in the film.

Each of the resultant perpendicular magnetic recording media
has the same layer structure as that of the perpendicular magnetic
recording medium 50 shown in Fig. 6 except that the first underlayer
12 is different.

Whenon eachof the resultant perpendicularmagnetic recording
media, the local distribution of element density of the first
underlayer 12 was examined using a TEM-EDX in the same manner as
in the example 1, it was confirmed that there existed such a structure

having: crystal grains mainly composed of the aforesaid oxide X;

and crystal grain boundaries mainly composed of the aforesaid Y and




Exanpl e 2- 6Co304A1203525. 0- 0. 013 Exanpl e

2- TMgOA12(B525. 1- 0. 011 Exanpl e 2- 8Mb(B3A1203622. 7- 0. 015

Exanpl e 2- 9Mh304A1203623. 4-0. 010 Exanpl e

2- 10Fe2QBTi C624. 2-0. 013 Exampl e _

2-11Co3M4Ti 0624. 1-0. 012 Exanpl e 2-12MyOTi 05624. 6- 0. 018

Exanpl e 2- 13MbO3Ti O722. 0-0. 017 Exanpl e \
suZrddnintid e 22 tBe0dfyExaipheains.

2-15Fe203Zr O2424. 2-0. 013 Exanpl e

2- 160m3042h(262¢hd -Hesilltabtappkpendicular magnetic recording

2- 17MgQZr Q2724. 8- 0. 014 Exanpl e 2-18MoBZr Q2722. 5-0. 015
me@kanpl ¢ PradOMs3C47weR 682a0i fed I2ndCoanpzacatridiag/ reproducing

Ti-10-1319.8-0.13 Exanple 1 As seen from  Table 1, a
chirateer Wtaraorer ¢valuntiesl ,enbiihgta TEML On ttien semetanner as in

prior medi um according to the conparison exanple 1

5 . thehexample chst Thaelokl@eing tadiled 1f sbaWseRing, r&yslds -

MO, Mb(3, and WMh304 is used as a substance form ng

the crystal grains of the first wunderlayer 12, and at

| east one oxide selected from S O2, Al2C3, Ti O Zr A2

is used as a substance foFAPHg +he cryst al grain

boundari &s 2y of ihe firr st upderi gyer [ TT 1s]jalso
seen that a stpl of?&tnt,f‘r %grl%ﬁalél Sahi pi t Baermal
when an oxi de SE egled fr%ﬁ% ,| Eb3eH, E%)bl\/gﬂ.wstuatlon
used as a subst arnce . form ng the crynmaal grains ()tﬂBtdhezcade)
first underla \/ati' ___‘_ anmnd ;ﬁ' g@l 5 selected from-Si
Fﬁﬁ?ﬂlplﬁ)(in Ls llQE@zg;Q a Qllhﬁ'l.gf)ﬁ nrr‘ﬂi ng f?:%'ir yst :Tlow005
EeEpd endaddar i eFeBer eqf . S10; 25.3 ~0.008
Example 2-2 MgO 510, 5 25.0 -0.009
Example 2-3 MoQ; Si0; 7 22.5 -0.012
Example 2-4 MnsO, SlOz 6 22.9 -0.011
Example 2=-5 Fe,0; A1203 4 25.2 ~0.019
Example 2-6 Cos0, Al-,03 5 25.0 -0.013
Example 2-7 MgO Al,0; 5 25.1 -0.011
Example 2-8 MoO; A1,0; 6 22.7 -0.015
Example 2-9 Mns0a Al,0; 6 23.4 -0.010
Example 2-10 Fe,0s Ti0 5 24.2 ~0.013
Example 2-11 C010, TiO 6 24.1 =0.012
Example 2-12 MgO TiO 5 24.6 -0.018
Example 2-13 MoO; Ti0 7 22.0 -0.017
Example 2-14 Mn;04 TiO 7 22.2 -0.019
Example 2-15 Fe,05 Zr0; 4 24.2 -0.013
Example 2-16 C030. Zr0, 6 24.1 -0.011
Example 2-17 MgQ Zr0; 7 24.8 -0.014
Example 2-18 MoQ, Z2r0, 7 22.5 -0.015
Example 2-19 Mn;0, Zr0o; 6 22.9 -0.012
comparative Ti - 10-13 | 19.8 ~0.13
Example 1

As seen from Table 1, a better characteristic is exhibited
10 than in the prior medium according to the comparison example 1 when
at least one oxide selected from Fe;0.:, Co3;0., MgO, MoO;, and MnsO,

is used as a substance forming the crystal grains of the first
underlayer 12, and at least one oxide selected from Si0O,, Al,0;, TiO,

Zr0, is used as a substance forming the crystal grain boundaries
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Exanple 3 As the first underlayer 12, MyO 40 nol % Si O2
conposite targets were prepared. Perpendicul ar
magneti c recording nmedia were 10 fabricated in the
sane manner as in the exanplg 1 except that the
MyO- 40 nol % Si O2 conposite targets were used instead
of the FeO-30 nol % Si Q2 conposite target and film
oft bhe khbsst wasiatgaiyewsiiy . changed. Each of the resul tant
per pendi cul ar magnetic recording nedia has the sane
| ayeritsigs atsoseenashbhat stoill betper phadactkristnBgideekhibited
15 recordi ng nedi um 50 shown in Fig. 6 except that the
whén estoxinites thgetred fPom Fedd{,f @oanf andig@ahuséd lsea substance
various perpendicul ar magnetic recording nmedia that
fowmirg diteacngsital yeragnaiof $heef st nnderilayends?, and an oxide
measured and a recording/reproducing characteristic
selgeted ArontSdd: iamdt Ale Os 4Fa1SZDaFraridrs tagcienf Qi neiehp ey stal
1. Fig. 7 shows a graph representing the correlation
gradR veeindgriss tiegrréss and SNRm and between film
thickness and crystal grain size in the first
EXgRek? | Ayer of MyO- 40 nol % Si 2. Curves 101, 111 are

graphs representin he respective results when fjlm
t hi cl@r’f‘e’%‘%‘g L35St émiilgﬁﬁrﬂ’@rﬁzx MGl moks SL@nCPRRRT Hifetargets
raphs, bette SNRr%.Ifn average.grain size are,.
wef (Bt SRF S ron FERES I e SGREE . FRPaFe hdiTdif wors
falls ithin a range froml nmto 30_n Zg Exanpl e, 4
tabEioated i PLEig,ael APt 25 BD s EroRRIS05 TSitsirat the
Mgé}é‘&é?‘?# s G4 b1 %roﬁlgks%gc@zl%esds‘ kq%@eﬁ?ééé) i%%%egﬁ' df ¢ Reo-30
0" mol™ meré_pr pared. ~Perpendi cular” magnetic
1 £5A09 10 BE G B B Rl AR G et‘fl"c'ﬂ:.*egg a?' hanged.
Mo%e Y nzté%glpexan'pl e f%except fﬁh_at The (‘)‘-ﬁi}nﬁo %M J
CoOMPeGichéor tBEYRlstHIVahe mﬂd&%ﬁlﬁ% g8 FELEHUing media
nol % Si Q2 conposite target © and the composition ratio
ha¥@he/ 8hinaUBd e BaPEBHure as that of the perpendicular magnetic
recording medium 50 shown in Fig. 6 except that the first underlayer
12 is different.

On each of the various perpendicular magnetic recording media
that were obtained, the grain size distribution was measured and
a recording/reproducing characteristic was evaluated in the same
manner as in the example 1.

Fig. 7 shows a graph representing the correlation between
film thickness and SNRm and between film thickness and crystal grain
size in the first underlayer of Mg0-40 mol% Si0,. Curves 101, 111
are graphs representing the respective results when film thickness
is xnm (0 = x < 70).

As seen from the graphs, better SNRm and average grain size

are obtained when the thickness of the first underlayer 12 falls

within a range from 1 nm to 30 nm.
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Each of the resultant perpendicul ar magnetic recording
nmedia has the sane |ayer structure as that of the
per pendi cul ar magnetic 10 recordi ng nedi um 50 shown
in Fig. 6 except that the figgst underlayer 12 is
different. Wen the |ocal distribution of elenent
density of the first underlayer 12 was exam ned on
Exsagbeof the resultant perpendicular magnetic
recording nmedia, using a TEMEDX in the sane manner as
I n 1% tiee €1asplunderlayend cood+x moils iad, thepesite targets
exi sted such a structure having: crystal grains
difeepeit danages iafi onod Mo ano meylpst &l< Yo &iols) were prepared.
boundari es nmai nly conposed of Al1203 and surroundi ng
Peppend Dfuldiemegyst at regoaidisg @edian wereef abisitoaitiodt Lorthe same
was nmeasured and a 20 recordi ng/reproduci ng )
maphar &t &r itde exapsl el Axrepddtbat dhetCed-% pels MdpPpgsmposite
per pendi cul ar _magnetic recording nmedia that were |
tapaess e upadi s teafk o FeRs 30me ke Sdlarfampoplte target
Fig. 8 shows a graph representing the correlation
ang eg FPIRBHFGO FeR1PaVR® ERELBNIY Shdnsétneen
conposition ratio and crystal _ 25 grain size in th

{11 SEATRF LS GioRst. TeIBBETRANAIREIGS NASHEIIE ST i media
haf b aARRI 1Y FEFRG HhCe AR shSR ot thesperigyd ol imponet ic

ref ro&n 5 hee r.al[a gett%r R.mﬁand eave ﬁ t ! n.s | lz:ueld%%layer
SPeI oY IPHEH e RRYHE ~8dpds PrE TR Xide

formn e.crystal grain boundaries of the first
12u3r'1élgélr1 %éefr]eritz falls within a range from 20 nol %to 50

ggg%qggﬁpagﬂ% ﬁ_é;é:&g. éis%@fb@@f g)fugf&ﬁér@é’ %(enég?:yt@f S first

respectivel y were prepar

unﬁ%ﬁ?&%’f qul @hs n%éﬁh%!ﬂéﬁ bRCOAGH ¥ TRE! Aes¥Bdht perpendicular

ricated int same manner as in the exanple 1
ma§u&Lps ﬂé@}rdih@%é@%&g,fﬁl%iﬁﬁ 4 MBS EYRT i RUshsS Yhabafeffer as in
e

Wwere used instéad o
the example 1, it was confirmed that there existed such a structure
having: crystal grains mainly composed of Co;04; and crystal grain
boundariesmainly composed of Al,0; and surrounding eachof thecrystal

grains.

Grain size distribution was measured and a

‘recording/reproducing characteristic was evaluated on each of the

various perpendicular magnetic recording media that were obtained,

in the same manner as in the example 1.

Fig. 8 shows a graph representing the correlation between
composition ratio and SNRm and between composition ratio and crystal
grain size in the first underlayer of CoO-x mol% Al,0;. Curves 121,
131 are graphs representing the respective results when the composite

ratio is x mol% (10 = x =< 70).

As seen from the graphs, better SNRm and average grain size
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Pt target. 10 Next, for conparison, a perpendicul ar

magneti c recording nediumas an existing

per pendi cul ar magneti c recordi ng nedi um was

fabricated in the same mannery as that for formng the

per pendi cul ar nmagnetic recordi ng nmedi um 50 of the

exanple 1 except that a Ru layer was forned as the
arsemeadneddgidniiss cobapbaiee gatibaimes oxdlie fdriming tibe byystal

using a Ru target. Each of the perpendicul ar magnetic
graen dsalimarmiedi afothe hi frstexarjeréaged 1hafails tdiechin a range

conparative exanple have the sane |ayer structure as
fromat0 aiokhagelpeedikcul ar nagneti c recordi ng nmedi um

50 shown in Fig. 6 except that the second underl ayer
Exdample Wifferent. 20 On each of the resultant nedia of

this exanple and the perpendicul ar magnetic recordin

medi d dhet Recepdparderlayaxddpl darggeai nads &f Bk an
measured and a recordi ng/ reproduci ng characteristic
regpeckigiavere PhebieedanBeRRARGECHET Raghet JéS(’éﬂ"EfPJéd:ELng media
The following. table 2 shows the results. 25 30 [Tabl e
wepe fghrjsaterain e éa@,ﬂmﬁlmﬁreﬁrsa%rf(l}ﬁﬂaﬂplﬁéaﬁﬁpspt that
1Pt. 625.2 Ex | e 4-1Pd625. Q0 Exanpl e 4-
ChEARHSH OF RIEBSeYaE IS PS5 SRECE QURET rRRcr ABFsead gf the
bettgert characteristic is exhibited

Next, for comparison, a perpendicular magnetic recording
medium as an existing perpendicular magnetic recording medium was
fabricated in the same manner as that for forming the perpendicular
magnetic recording medium 50 of the example 1 except that a Ru layer
was formed as the second underlayer to have a thickness of 10 nm,
by using a Ru target.

Each of the perpendicular magnetic recording media of this
example and that in the comparative example have the same layer
structure as that of the perpendicular magnetic recording medium
50 shown in Fig. 6 except that the second underlayer 12 is different.

On each of the resultant media of this example and the
perpendicular magnetic recording mediumof the comparative example,
grain size was measured and a recording/reproducing characteristic

was evaluated in the same manner as in the example 1. The following

table 2 shows the results.
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than in the existing nmediumwhen Pt, Pd, or Co is used
as the second 5 underlayer 12. Exanple 6 As the
second underlayer 13, Pd-10 nol % X targets (X = Cr238,
MO Si@2, TiOQ Y203, TaC, HyC, ALIN, Si 304, TaN) were
prepared. Perpendicul ar magnetic recording nedia were
fabricated in the sane 10 nmanner as in the exanple 1
except that the Pd-10 nojdaXiéazpets were used
nstead of the Pt target and various—Pd alloys were
used. Each of theS%® t ant| pEFPERIPLER ar| nagneiRE
ecordi ng med| a eIV any | ayef "8 r yct {
ofxamwlepdr pendi cul arPragnetijc  recdrdi ng nedi um250 2
Shixoamplien 4=1g. | 6 exca&at that |t he sedond underl aye5.015
IoxamgoXe f4orent. Wiamm on eadh of the resulffant 24.8
0ES Gfear [ magneti ¢ recorlding nedia, tjhe Tocal
Ofsddifuiti on pf el eféht dengity of t2he second 188
mdertayer—iI3 was examnedusing a TEMEDX Tt —was
confirmed that there existed such a structure having:
crystal grains mainly conposed 20 of Pd; and crystal _ .

gr ai AShBARAFTAL TRRILAI 3/ chRfdded sharrchisiypic 1s exhibited
conmpound represented, by X and surroundi ng each of ¥hesecond

| thap yidy Bhe GdiStd NI ReGHH WNEB By s PAY K CONTHAS SedS

nd a recqrdi ng/ reproduci ng characteristic was
un@%’g}%%g&on each of the various perpendicul ar

magheti c recording nmedia that were obtained, 31 in the
Exgﬁﬁﬂe néanner as in the exanple 1. Grain size
di stribution sur.ed r.ec ' in
char 88 50 Sec SRR TR RO G 2RS st RbF AREhERLEE iR Bibrics,
L g~ of tRiS a t ergpendi r net.|
9 o e T oF ™t he Sotia Yt 1ot e “ERd; rbbabed.
Pe BN md 2%1:{_}:8 %F?gé?gal:ﬁe ia %@gefﬁﬂﬂ\@a%%d-rfﬁ)ltﬁe same

shows the r econ
manner as in the example 1 except that the Pd-10 mol% X targets were

used instead of the Pt target and various Pd alloys were used.

Each of the resultant perpendicular magnetic recording media

has the same layer structure as that of the perpendicular magnetic

recording medium 50 shown in Fig. 6 except that the second underlayer
13 is different.

When on eachof the resultant perpendicularmagnetic recording
media, the local distribution of element density of the second
underlayer 13 was examined using a TEM-EDX, it was confirmed that
there existed such a structure having: crystal grains mainly composed
of Pd; and crystal grain boundaries mainly composed of a chemical
compound represented by X and surrounding each of the crystal grains.

Grain size distribution was measured and a
recording/reproducing characteristic was evaluated on each of the

various perpendicular magnetic recording media that were obtained,
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X target Grain size SNRm underl ayer(nn) (dB) Exanple

6- 1PdCr 203524. 5 Exanpl e 6- 2PdMy0624. 7 Exanpl e

6- 3PdSi O2425. 2 Exanpl e 6-4PdTi O425. 3 Exanpl e

6- 5PdY203425. 1 Exanpl e 6- 6PgjaC524. 4 Exanpl e

6- 7PdTi C624. 1 Exanpl e 6- 8PdAIN524. 7 Exanpl e

6- 9PdSi 3N4624. 0 Exanpl e PdTaN624. 3 6- 10 Conparative
in Pehd 258 maxaeR! as3ia0the & g qm Table 3, a better

characteristic is exhibited than in the existing

medi grawhesige Rili €t o tidh wasgmeaphaed sdfdici ure is

used as the second underlayer 13. Further, it has been
re@bsdi i rodut ihhathar sethst isntde was rdva] avedcoy sdaadh of the

grain boundaries is preferably an oxide, a carbide,
resuliami tmddde. of5thianpkanfldsanddhsepergenddenlayanagnetic

13, Pd targets were prepared. Perpendicul ar magnetic
recerdiny medinni af vidre coapriretiive ¢xamie dankhe eanemanyer as
_in the exanple 1 except that the Pd targets were used
inj wee exxpnpdfe tlhe The tEalgewiagd Tehdef 3| shews cidiregzesidd s -

variously changed. 20 Each of the resultant

per pendi cul ar magnetic recordi ng nedia 32

[Table 3]
Second X target Grain size SNRm
underlayer (nm) (dB)
Example 6-1 Pd Cr,0, 5 24.5
Example 6-2 Pd MgO 6 24.7
Example 6-3 Pd $i0; 4 25.2
Example 6-4 Pd TiO 4 25.3
Example 6-5 Pd ¥.0s 4 25.1
Example 6-6 Pd TacC 5 24.4
Example 6-7 Pd TiC 6 24.1
Example 6-8 Pd Al1N 5 24.7
Example 6-9 Pd SisNy 6 24.0
pxatple pd_ | . man 6. 24,3
Comparative
Example 3 Pd - 12 18.8

As seen from Table 3, a better characteristic is exhibited
than in the existing medium when a Pd alloy with a granular structure
is used as the second underlayer 13. Further, it has been also found
out that a substance forming the crystal grain boundaries is
preferably an oxide, a carbide, or a nitride.

Example 7

As the second underlayer 13, Pd targets were prepared.
Perpendicular magnetic recording media were fabricated in the same
manner as in the example 1 except that the Pd targets were used instead
of the Pt target and the f£ilm thickness was variously changed.

Each of the resultant perpendicular magnetic recording media
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has the sanme | ayer structure as that of the
per pendi cul ar magnetic recordi ng nedium 50 shown in
Fig. 6 except that the second underlayer 13 is
different. Gain size distriggution was neasured and a
5 recordi ng/ reproduci ng characteristic was eval uated
on each of the various perpendi cul ar magnetic
has et dhilg MBdAsthabtwes aobhat el thei Petpendiali@ ar magnetic
manner as in the exanple 1. Fig. 9 shows a graph
re¢epd Bsened agm Geslosir &h @tiigarne brteperhbtlthd Sécdmeaaderlayer
and SNRm and between filmthickness and crystal grain
13sigadififddemtRd second 10 underl ayer. Curves 141, 151
are graphs representing the respective results when
t he fGrarmt biie&nésstitbution @Ass measunéd. and seen from
the graphs, better SNRm and average grain size are
regprdlrgraproducting ¢hardeieassisdfict Was suadind tigdden| eaady of the
13 falls within a range from 0.1 nmto 20 nm 15
vapkewp Perpepd lenbas deaRgtid dadorfdngmmedia bhat gfeye ohained,
prepared. A perpendicular magnetic recordi ng nedi um
inkRe feaRe QRNEGL ASt AB Bhgeexalerl -ast 19- t%é5 graph
except that the second, underl ayer 13 was, forned t

TeRBGOARE i CRReCRT bR LA H (P S TAIE ILTRASR ARGSHRT and
be??ﬁ%%r%ﬁghtt%aﬁﬂﬂeaﬁoggas&ﬁsﬁ G Sadeonnt Hhe P second

and et adtin BB g 1ol TP ER R h%dr‘%er%%%%'q drdihe Regpective
replh et Fgagfsﬂffg%ﬁ ckRges I:r%e*%&ér?' § 58 4P radioeeen fron
th@ Ee?g%ﬁ—f‘sf " LdceRit ﬁ’d AR %Eglﬁ)ts déén b@‘f{ﬁed when

per pen ar nagn FEcording tredium
thé hﬁumgslsacyf rtg%t éé&% %nd@glégéf: 19f ¢ &ffs RARRS RdL q:létln% from
magneti ¢ recordi ng |un1 ownin Fig. 6 except

o.ihah tdhesesand underlayer is formed in the island 33
shape.

Example 8

As the second underlayer 13, a Pt target was prepared. A
perpendicular magnetic recording medium was fabricated in the same
manner as in the example 1 except that the second underlayer 13 was
formed to have a thickness of 1 nm by using the Pt target under a
sputtering Ar gas pressure of 3 Pa.

TEM measurement of a cross section conducted on the resultant
perpendicular magnetic recording medium showed that Pt grains were
formed in an island shape in crystal grain portions of the first
underlayef 12. Further, itwas found that the perpendicularmagnetic
layer 14 epitaxially grew on the Pt islands. The resultant
perpendicular magnetic recording medium has the same layer structure
as that of the perpendicular magnetic recording medium 50 shown in

Fig. 6 except that the second underlayer is formed in the island
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when a recordi ng/ reproduci ng characteristic was
eval uated on the resultant perpendi cul ar nmagnetic
recording mediumin the sane manner as in the exanple
1, it was found that a good gharacteristic 5 with
SNRm of 24.9 dB was exhi bited. Exanple 9 Asa
per pendi cul ar magnetic recordi ng nedium a
shapépendi cul ar  magnetic recording medi um of this
exanpl e was obtained in the same nmanner as in the
exanmmwhenlaexeepid inptrdpiodued agdchatsst ayiert i3 wakOetrAtuated
per pendi cul ar magnetic |ayer 14, and the protective
onlthigerediBl tamtr pefpemeichdfarana dies iannead rdihgunefibuh iamhe same
cool ing process to room tenperature, and at this
mahnee asasntiie pgapphdilculifrwvamdgnend ctliaty ergoddl characteristic
CoCr Pt B perpendi cul ar nmagnetic |ayer 14 was forned to
wihhvelNRm athiZdcPed® whsi1sxhibitedead of the CoPtCr-Si02
per pendi cul ar magnetic 15 | ayer, by using a Co-18 at%
Exgnpl® Gt % Pt-1 at % B target. The resul tant
per pendi cul ar nagnetic recording nedi um has the sanme
| ay e PSst PRERSRELCHAR RRYNYHFLG FRrEPetipermpd iy 2 pegREepfecular
recordi ng medi um 50 shown in Fig._6 except that the

maguetEh AECQr A inFdpREE Of Jylkts exafiplgiyas btpifRdnln the same

nabSES el G LG SUUgNS pharoctetioll s ounl tated, 20 1,
eSS RS Rl 2 a0 SF, RS, f5er 15
vl GFHLAEH, R R BRI A 0 TROREb S £ room
el SHTE ko CROREL e S Bp by e 1eves
14} RO WROBENBIEE) I3 e Bgceepdo Fompga o nave
» Byl A gs LR R BSOSt YA Mgt
lay &£ 0bPhRd nBROESIM 8 at% Cr-16 at$ Pt-1 at%$ Btarget. The resultant
perpendicular magnetic recording medium has the same layer structure
as that of the perpendicular magnetic recbrding medium 50 shown in
Fig. 6 except that the perpendicular magnetic layer 14 is different

When a recording/reproducing characteristic was evaluated
on the resultant perpendicular magnetic recording medium in the same
manner as in the example 1, it was found that a good characteristic
with SNRm of 24.7 dB was exhibited.
Example 10

A perpendicular magnetic recording medium was fabricated in
the same manner as in the example 1 except that a Ru target was prepared
and a third underlayer was formed between the second underlayer 13

and the perpendicular magnetic layer 14 to have a thickness of 15

Nim.
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As shown in the drawi ng, this perpendicul ar magnetic
recordi ng nedium 70 has the sane structure as that of
t he perpendi cul ar magnetic 5 recordi ng nedi um 50 shown
in Fig. 6 except that the Rugthird underlayer 16 is
formed between the Pt second underlayer 13 and the
CoPt Cr-Si 02 perpendi cul ar magnetic |ayer 14. Wen a
r ecordigngl 0 ePhowksCa NE-Ithitdet efrbsklgevbsoryB|wiadwedhodiing a
the resul tant perpendicul ar nagnetic recordi ng nmedi um
structire sanhe ddsulrmaner parpent iidud aexeanplest it rétowding medium.
found that a good characteristic wth SNRmof 25.6 dB
As whewenithid dacbwing t tiets pehpendowfarRhagnetdc restedithghedium
Ru al so provided the sane inproved effect. Exanple 11
70 Imashstiee meameesdicootarenagnehaic afeddedipegpepdion]ian magnetic
perpendi cul ar magnetic recordi ng medi um was
re¢aptingmediyms § shovarim Fehneexaspt fhatidhiedubpied underlayer
except that the heat treatnment prior to the film .
16 depbemed hehrsendiheaBpisasendrien ¥§fr {1 heng the CoPtCr-510;
nonnmagnetic | ayer, the CoCrPt ferromagnetic | ayer,
PeERRA KA las7 RGNS SHLE kBYREt 14 | ayer 20 was formed.
Fig. 11 shows acische t| C Ccross-sectional, view show n

sPREB: & r’ée‘b‘?r r%ﬂofi&ﬁ%nﬁe?%@ﬂ%ﬁ ayRSt ?‘Eaguated

on et el b one P P e et Mmoo ehe same
max&;ae:%%tsg%rg 6:“% %’I%%xgﬁg]}%}}g?%%a% ffe%é;ﬁ Eﬁh%%:jg%galf Eh%%acgerlstlc

,@grémglo%ulz%r gﬁ }lcﬁ‘i/ cf a C protective layer

,and & not’ BF can ayer are stacked in

t hi SF‘&%@EE e GQQ”@E%‘{ bE %EEQéI of gl\hgfstg%rto%ﬁed the

per pendi cu Far magneti'c recor ng me
Salﬁ@cgﬁg&ldqu eRredyci ng characteristic was eval uat ed

usi n ring-type head with a recording track wi dth
Ex&fiple 23 M and a reproducing track width of 0.15 pm
the ring head utilizing a nmagnetoresistance

As a perpendicularmagnetic recording medium, a perpendicular
magnetic recording medium was fabricated in the same manner as in
the example 1 except that the heat treatment prior to the film
deposition was not applied and none of the Cr nonmagnefic layer,
the CoCrPt ferromagnetic layer, and the CoZrNb soft magnetic layer
was formed.

Fig. 11 shows a schematic cross-sectional view showing a
structure of the resultant perpendicular magnetic recording medium.
As shown in the drawing, a perpendicular magnetic recording medium
80 has a structure in which a Fe0-SiO, first underlayer 22, a Pt
second underlayer 23, a CoPtCr-5i0, perpendicular magnetic layer
24, a C protective layer 25, and a not-shown lubricant layer are
stacked in this order on a nonmagnetic substrate 1.

When on this perpendicular magnetic recording medium 80, a
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effect, SNRmwas 21.5 dB. 5 Conparative Exanple 2 An
exi sting perpendi cul ar magnetic recordi ng nmedi um was
obtained in the sane manner as in the exanple 11
except that a Ti first undeyl ayer was formed as a
first underlayer to have a thickness of 10 nm by
using a Ti target. 10 The resul tant perpendi cul ar

refBHNBAG Crefedudiing bRErHAtEAsst id&raFAallaneed using a
structure as that of the perpendicular magnetic

riﬁgoe,trpé REadRILHR BQESROMY tFhd @ ddilo £3C 8B 4iph rbpfoducing
I rs

f underlayer is different. When on the resultant
trHEK RAGEhCHE @, 1 £tthe FBfPhebAhTEdizUMg a aghetoresistance
recordi ng/ reproduci ng characteristic was eval uated
effistng SNRum iwag- 20p& HBad with a recording track width
of 0.25 and a reproducing track wdth of 0.15 pm
Comparatinp tBreapdead utilizing a magnetoresi stance
effect, SNRmwas 16.8 dB. It shoul d be understood that
t he pneszastingeperpendicwHer megnetact secepdimg medium was
specific fornms descri bed above with illustration and ]
obhpineddrc fAggeamarnao s Wit the xwapdgngd efcept that a Ti
.equi val ency of the followng clains are therefore _ .
firsk spdeglapepyagninaastias Reb st underdayeusto havg a thickness
per pendi cul ar magnetic recordi ng nedi um conpri sing:

Of ol I S0 Is @b dttr 58E9SB- a first underl ayer forned

on e OUREREl S Sl ool SRS o B
the P JRV TG EPIOc 8P GPAF riE GIRREPERACRIf e Raghetic
<3008 RSO ol SRR G SRS TR Moo

foifrd- Q1 the first underlayer and having crysta
grains wth one of a face-

When on the resultant perpendicular magnetic recording medium,

is

a recording/reproducing characteristic was evaluated using a
ring-type head with a recording trackwidthof 0.25 pand a reproducing
track width of 0.15 mum, the ring-type head utilizing a
magnetoresistance effect, SNRm was 16.8 dB.

It should be understood that the present invention is not

limited to the specific forms described above with illustration and

all the changes which come within the range of equivalency of the

following claims are therefore intended to be embraced therein.
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30

centered cubic structure and a hexagonal cl ose-packed
structure growing on the crystal grains of the first
under| ayer; a magnetic |layer formed on the second
under |l ayer; and 15 a protegdive filmforned on the
magnetic | ayer. 2. The perpendicul ar nmagnetic
recording nediumas set forth in claiml, wherein the
cr.asgeend underlayer is mainly conposed of an all oy
contai ning one kind selected froma group consisting
of Pt, Pd, and Co. 20 3. The perpendi cul ar magnetic
recording mediumas_set forth in clainms 1 or 2, o
wherlei n CHRERSPSHGHLYT AMa98Shic t1RCOrPiRe RasHaRy agerprising:

cont.ai ' selected froma group
con§?§?¥ﬁ%gg%%§%egg§?g%%g%ﬂ, MO, Mb(3, and WMnh304, and
25 whefigist thedeelystal f@Fméd doundaniemaghethe sikstrate,

.underl ayer contain at |east one kind selected froma
malgtpupemeetesd sifi g dieaSitRwoAkR@8s ¢ teahdrZm02. gdoup

The, per pendi cul ar gneti c recordjng nedium as set .
cong St RT ORIt e CaoTnHiy i Hthe MR ab Hrm oot Tifs:

fi I i - i.n
and; EES), SO eSS PEPPLEl A0 ] SELERES shape
andaodyshel ejreirhecunystrabsgsar folbeamneardies fysithe birhshs;

under | ayer contain at |east one of Si(2 and Al1203 S.
The @p&cpaadnetiar seegptindadered dgrmedi am blke skirsis

forth in _any one of th recedi ng clains, further
undgEhafet 95! Datne §rURGeT | d5ernT oret B ef ERES"
cenB8FQN UG 4@y R u@Rdahhes HRANGIA L | 8o BckdA®st ructure
per pendi cul ar magneti c recordi ng nedi um as set forth
growingl|@i mis adyateilngrhéns ht f dchundeirtsy emndes 1agienk y
a magnetic layer formed on the second underlayer; and
a protective film formed on the magnetic layer.

2. The perpendicular magnetic recording medium as set

forth in claim 1, wherein the second underlayer is mainly

composed of an alloy containing one kind selected from a group

consisting of Pt, Pd, and Co.

3. The perpendicular magnetic recording medium as set
forth in claims 1 or 2,

wherein the crystal grains of the first underlayer
contain at least one kind selected from a group consisting of
Fey03, Co304, MgO, MoOsz, and MnsO4, and

wherein the crystal grain boundaries of the first
underlayer contain at least one kind selected from a group
consisting of Si0,, Al;03, TiO,, and Zr0,.

4, The perpendicular magnetic recording medium as set
forth in claim 3,

wherein the crystal grains of the first underlayer

contain at least one kind selected from a group consisting of
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10 conposed of at |east one kind selected froma group
consisting of Ru, Rh, and Re. 7. The perpendi cul ar
magneti c recording mediumas set forth in any one of
the preceding clainms, wherein a nolar percentage of
the crystal grain boundaries of the first 15

underl ayer is 20%to 50%relative to all of the first

Fedi)detldyerandBugbheapgr pendi cul ar magnetic recording

medi um as set “forth in any one of the clains 1 to 6,
wherdiarea nmihar crpstsbngagien diourtardregsbdl theafbrst
boundaries of the first 20 under|ayer is 35%to 45%
undeglayeyecoain adf lerets pret ofupder IaageRl@- The
per pendi gyl _a netic, recordi medi um.as _set ..forth
" Gy e SoP L Re i BLBH NI it LA frgiut as' set
for€hYsh ahny O st @het becbbAshgURERIhAY efuaNe eaPlraking a
arrangenent in an 25 in-plane direction parallel "to
thirdeundenbayest iforsgdsbeatveenl10he Thecqed penirdulyar and the
nagnetic recording nmediumas set forth in any one of
Mmagpe l%r%%%ﬁ?ng clains, wherein the first underlayer
haseﬁ thﬁ%ﬁ”?é%@@ﬁd'cﬁﬁgf(ﬁa di %ébo;g§ng medi as set
per pendi cul a gnetrc recorting mediumas Set _@B
fortRrif ¢Taanys,ondedbihhenpr exedi nthdd Aider Waekaiaiihe
second underlayer has a granular structure in which
comphredryitatl lgasitnonggkondt hel secethd nmder loaypep growishing
col.umar _ shape and the columar crystal grains are
of §$1i%hbym¥4§§%al grai n boundaries nade of one of an
oxi de, agpLtg] Lde.. 1 . per @g@g r
magneti c réc%%gﬁﬁg ned?ﬁﬁ?%ghggfc éef§?§ﬁggﬁagny o%%?set
forof imearpr eerdiofy tbbapPBcedhed ebTa ik SeeeRdn a molar
under| ayer has a thickness of 0.1 nmto 20 nm 13. The
peregertrgrlicultde exyacel coraetoribwrfaidisumfaghsefirst

underlayer is 20% to 50% relative to all of the first

underlayer.

8. The perpendicular magnetic recording medium as set

forth in any one of the claims 1 to 6, wherein a molar

percentage of the crystal grain boundaries of the first
underlayer is 35% to 45% relative to all of the first
underliayer.

9. The perpendicular magnetic recording medium as set
forth in any one of the preceding claims, wherein the crystal
grains of the first underlayer have regular arrangement in an
in-plane direction parallel to the nonmagnetic substrate.

10. The perpendicular magnetic recording medium as set
forth in any one of the preceding claims, wherein the first
underlayer has a thickness of 1 nm to 30 nm.

11. The perpendicular magnetic recording medium as set
forth in any one of the preceding claims, wherein the second

underlayer has a granular structure in which the crystal grains
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forth in any one of the preceding clains, wherein the
crystal grains of the second underlayer grow in an
i sland shape on the 10 crystal grains of the first
under | ayer. 14. The perpendigul ar magnetic recordi ng
medium as set forth in any one of the preceding
clains, wherein a difference between an average
of tREeEe86Rd NutHeSt BGS: ighcwhenChY &b Bhm9s Al i pPfardd@ne
second under| ayer 'and 'an average inter-grain distance
colimnap chestorly grdirgr aines spflithkyf crgstainderdiay éounglaries
mﬁt?in 10% 15. The perpendi cul ar magnetic recording
madfegf URALs A Fodeh Pnldhyidfe 3Rd thecHICG ng
cl aiqs, el [ Y netig.
Crystal orarneCrRPirTPaiel ool B, AR bRy as ser
forth. iThenpesmend cinea r@a@aehECc:I@ﬁ@é,dimeﬂmi ¥Reages8hd
forth in claiml1l5, erein the magnetic |ayer contains

undgriayes hap 20 tdiick¥essygén0. 17om The Penpendi cul ar
., forth in any onpe of

ti cordin di um as set g ,
t he TrecedRRgPEFAFRRL CHAT dipTiic SgREEFnd HeRagaras set
; td I ' i a gtain _si
co-LROLTRRIPLS 07 ) pSERRil LI AR, AL 0L Bl

gratesosflittg: nedicnid asdselayber §how Mamh GRE 04 tRepe on the
precedi ng clainms, wherein the magnetic |ayer has

cryfaghedTaing et dhegfaras underhaveiagnetic crystal 30
0 a1 TR SIS PLINOSEIL L 01 LEPLE o1 e st
cori P ARPTH, ety FRUSEALC LG8 S0 Ut Sl
betgomprdarsiavgraige Least-gpeihaybstfcesafid ﬂmég&eysﬁanaggains
formed between the nonmagnetic substrate and the first
of thrieteeisl unslerdayarnagded caveradaliing/aregredocihgtance in
thea@¥§g€gfﬁ§rains of the first underlayer is within *10%.

15. The perpendicular magnetic recording medium as set
forth in any one of the preceding claims, wherein the magnetic
layer has magnetic crystal grains mainly composed of a CoPt
alloy.

16. The perpendicular magnetic recording medium as set
forth in claim 15, wherein the magnetic layer contains 5 at.$
to 20 at. % oxygen.

17. The perpendicular magnetic recording medium as set
forth in any one of the preceding claims, wherein the magnetic
layer has magnetic crystal grains with an average grain size of
1 nm to 10 nm.

18. The perpendicular magnetic recording medium as set
forth in any one of the preceding claims, wherein the magnetic
layer has magnetic crystal grains and the magnetic crystal

grains have regular arrangement in an in-plane direction

parallel to the nonmagnetic substrate.
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conprising: a perpendi cul ar magnetic recordi ng nedi um
that conprises: a nonmagnetic substrate; a first
underl ayer fornmed on the nonnmagnetic substrate,

mai nly conposed of at |east3gwo 10 kinds selected from
a group consisting of Fe203, Co304, MyO MO3, WM304,
Si 02, Al1203, Ti02, and Zr02, and having crystal grains

growiong i mhe eekyBnalcehaPensHbiGlY Helor@fiahNmedium as set

boundaries surrounding the crystal grains; "a
forhbnimgriey | ons exoridtheupdeckdyry claimed Dmrthe fdomptrising at

under |l ayer and having crystal _grains with 15 one of a

leaphoicelt e P RAE SppHETiFel AN of HEIRH RIRAVEE oS82
nonPAGKEL; SUUMALULE D0 081 L0 GhystAl grains of the
IFTSt u a magnetic yer for

nderlayer; a d on the
secd undembayetic aacbadMPtRProddingMabphrBguoN
the magnetic | ayer; a nechani sm supporting and
comppiatyIdri vi ng the 20 perpendi cul ar magnetic recording
medi unm__a neti c head having: el ement recording
dat & P65 PRECLFEI BT Gt ofc 05 BEGAEEA Al um
combfﬁ%%ég‘éﬂﬁﬁﬂﬁygneEggrggﬂgtPQté?CQrf%%hé“ﬂﬁﬁé%;%g%&g@ormed

per pendi cul ar rmagnetic recordi ng nmedi unt an

on the rmageassarblsybstippoe] i ngithe qmgneidL Jead mewabl ywo
relative to the perpendi cul ar nagnetic recording

kingegsedrcted free magnevPcceesbriing/afeficaluciGryOs, Mgo,
wooRPBRBL V38, REOACK fd ot BB 20 e e oy
grains growing in a columnar shape and crystal grain boundaries
surrounding the crystal grains; a nonmagnetic second underlayer
formed on the first underlayer and having crystal grains with
one of a face-centered cubic structure and a hexagonal close-
packed structure growing on the crystal grains of the first
underlayer; a magnetic layer formed on the second underlayer;
and a protective film formed on the magnetic layer;

a mechanism supporting and rotary-driving the
perpendicular magnetic recording medium;

a magnetic head having: an element recording data to the
perpendicular magnetic recording medium ;and an element
reproducing recorded data from the perpendicular magnetic
recording medium; and

a carriage assembly supporting the magnetic head movably
relative to the perpendicular magnetic recording medium.

21. The magnetic recording/reproducing apparatus as
set forth in claim 20, wherein the magnetic head has a single-

pole recording head.




