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Fig. 9 is a perspective view of a perpendicular recording medium, and Fig. 10 is a schematic
\ cross sectional view along the lines A — A as shown in Fig. 9.
/ The magnetic recording medium 90 shown in Figs. 9 and 10 comprises a base substrate 92
composed of a nonmagnetic material, a soft magnetic underlayer 93 formed on this base substrate 92,
a underlayer 94, an intermediate layer 95, a magnetic layer 96 and a protective layer 97.

The perpendicular recording medium 90 of this example comprises, for example, a base
substrate 92 composed of glass, a soft magnetic underlayer 93 composed of Fe — Ni laminated on
said glass base substrate 92, a underlayer 94 composed of for example indium-tin oxide (ITO), an
intermediate layer 95 composed of Pd, a magnetic layer 96 composed of multiple layers of Co/Pd
and a protective layer 97 composed of carbon and the like laminated successively on the soft
magnetic underlayer 93. The typical thickness of each layer is 200 nm — 3,000 nm for the soft
magnetic underlayer 93, 1 nm — 2 nm for the underlayer (ITO) 94, 2 nm — 5 nm for the intermediate
layer (Pd) 95, 10 nm - 50 nm for the magnetic layer (multilayered film of Co/Pd) 96, and 3 nm - 20
nm for the protective layer 97. It should be noted in addition that the protective layer 97 not shown

may sometimes be covered with fluoric lubricants such as perfluoropolyether and the like.
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Wth regard to hcp - CoCr alloys that have | ong been studied for use in the
per pendi cul ar recording nmedium efforts have been made to search for
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In order to solve said issues, the perpendicular recording nediumrel ated
to the present invention conprises a noiunagne.tic base substrate, a
under| ayer forned directly or indirectly on said nonmagneti c base
substrate, an internediate | ayer formed on said underlayer, and a nmagnetic
1 ayer forned on said internmediate |ayer for recording magnetic information
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under | ayer in said underlayer, and due to the preferential separation of
said oxides or nitrides in the crystal grain boundary, it is possible to
enhance the isolation of crystal grains of the internediate | ayer and the
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spindle rotating at a high speed and the heating of a control chip and the
| i ke. Brief Description of Drawings Fig. 1 is a cross sectional view of the
magneti c recordi ng nedium constituting a formof carrying out tinme present
invention. Fig. 2 is a graph showi ng tHe neasurenents of coercive force He
in the Enbodiment 1 of the



present invention. Fig. 3 is a graph showing tine nmeasurenents of

ani sotropic magnetic field Hk in the Enbodinment 1 of the present invention.
"Fig. 4 is a graph showing tine neasurenents of coercive force and
squareness ration in the Enbodinment 2 of tine present invention. Fig. 5is
-a graph showi ng the neasurenents of coercive force He in the Enbodi nent 1
of the present invention. Fig. 6 is a graph show ng the neasurenents of

ani sotropic nagnetic field Hk in the Enbodiment 1 of the present invention.

Fig. 7.1 Shn@erﬁ&é?%?sa‘?tﬁ%idlax@aggj anil B Qhe §rbVE: emgﬂgﬁlhﬁbnro?% &g oaﬂgﬁéﬁﬁl W
related to present inventjon. Fig. IS a plane view includin

parti al ccrﬂ@saé %@d{(’i"éﬂﬁ‘%ft 1 PRSSTRE §h et rﬂ%i-?clborlﬁ’l"ﬂ@f o élP‘Fo\ﬂP?mP%’afgl g. 7.

Fi g 9 i Sag@r Bﬁf&@%fghéﬁe 1MieEWrSEDOW g uaderieyed Mk fopd, 1tt1b¢>0ﬂﬂ>§l)d’lfat§uﬁpré<e¢1&r di ng
medi um Fi

is a view sho the cross, se re.of the
magnet i c ‘P%Bﬂ}‘d‘i’tﬁgcnﬁﬁ APeHR Cégﬁgmgi ﬂ%o ednagge 1céayercb(ylﬁelga8cm% he bsgfag n of C (;Y(Sétgl) 10
Per pendi cgihigy inr the antehiniegiareeldyen nnd .theBaisghetsu igdrr fatnged2on tbndmrid:rayer T@erefore

| nt er medi af e l a%jﬁ }Badt{}@ §n nei‘étf(lcid 1%1@%@ b tﬁ'eaprg%ntl 1{?%%011( !t ?sysp% ds1b[?§ orégﬁ Rf%lr(!d}{ce

o'
conposed o? ayer nci
Pr ot ect i vierderdi@itar 1ecmdmg media havmg an outstandmg nmse and recording/reproducing

characteristics.

It is preferable that, in the method of producing perpendicular recording media related to the
present invention, said underlayer be composed of an alloy principally composed of two kinds of
elements, and that both of said elements be composed of two kinds of elements of which the
difference of standard free energy AG°for producing an oxide or a nitride at room temperature is 70
kJ/mol [O, or N;] or more.

It is preferable that, in the method of producing perpendicular recording media related to the
present invention, in the process of forming said underlayer, a film forming gas comprising oxygen
or nitrogen be used and that the partial pressure of oxygen or nitrogen in said film forming gas be
10" Torr or above and 6 x 102 Torr or below.

It is preferable that, in the method of producing the perpendicular recording media related to the
present invention, in the process of forming said magnetic layer, a film forming gas comprising
oxygen or nitrogen be used and that the partial pressure of oxygen or nitrogen in said film forming
gas be 107 Torr or above and 6 x 10 Torr or below.

The method of producing the method of producing the perpendicular recording media related to

) the present invention may comprise a step of exposing the surface of said underlayer to an
atmosphere containing oxygen or nitrogen after the deposition of said underlayer.

It is preferable that, in the method of producing the perpendicular recording medium related to
the present invention, an alloy of which the element with a lower value AG®is any one of B, Al, Sj,
Ti, Zr, Hf, Ta, Mn, Mg, Ca, Be and Ce be used as the alloy composing said underlayer.

It is preferable that, in the method of producing the perpendicular recording medium related to
the present invention, the contents of the element with a lower value AG°contained in said alloy be
10 at% or above and 90 at% or below, and more preferable that they be 20 at% or above and 60 at%
or below.

It is preferable that, in the method of producing the perpendicular recording medium related to
the present invention, an alloy of which the element with a higher value AG®is any one of Cu, Zn,
Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Re, Os, Ir, Pt and Au be used as the alloy composing said
underlayer.

It is preferable that, in the method of producing the perpendicular recording medium related to



Best Mobde for Carrying Qut the Invention The node of carrying out the
present invention will be described below with reference to draw ngs. Figs.
1 and 2 show schematically the cross sectional structure of a node of
carrying out wherein the nmagnetic recording nediumrelated to the present
invention is applied to a conputer hard disk. And the magnetic recording
medi um 10 shown in Fig. 1 conprises a base substrate 1 consisting of a

di scoi dal nonmagnetic material, a underlayer 2, an internediate |ayer 3, a
magnet i ¢ th@y,@srem%macmonau@ ata@stdme etea»éarw,tt hﬁgnepatte%@@amdtmaldomete And
the said na%netlc ayer rises a l'ayer 4a princip ngosed of

Co and a Bt oayetovwd&%at{e P1 dl@d%%ee@rablﬁ pgthexlie Nt e g %PP’(f'ea}“ﬁé Pl y one
on the otdyiesow nunber of tinmes fromthe nmetal underlayer 2 side. The
magnetic rec rdlng dlUﬁ]haVIg this g 8 i S soneti | mes call ed
"“Co/ Pd mul t i PMHyBFad " TEEFIHY "R &gtaﬁ%mp&‘ts SEHE 'S E]Eclf‘?ﬁe%ta‘t“(e&m"“ HHEriEH e

| am nat ecbea:tendmﬁann@ormtngmhwmnﬁg“ nietpraen @oeartdh depcrited above,of driving ppt s dmtingrode  of
carrying Qut sh i e

¢ ecor di g ey eblye oD A3 Ak 183 6 BLMEE MloGpRlaRPRELLE:

i nt er medi iafoandtiay.e pndrascotsie mdotﬁp@é'd:easmge@pm infgimision wererind Heonbeid wovisg rat e 1
and the rg%q;aﬁalttﬁarlamtng%eaamaoymats Plid igmiiGlegy structure. 1n addition, a

| ubricatin ayer conposed of fluoric lubricant may obvi ously be added on
t he protecti YeCqrdijero she maciefignieeqréing apnareds g “i*Fe%ﬂ“EIﬁf\C%:‘D Pracribag 2 %lcwe Basi c
structur qoo@a‘]ut ttte rd¥B@Nei @plts@@@tlﬁaﬂ@ncmeﬂl aUﬁH\g,lH GEI@&}edy tneatsh@f th@rpefifaaﬂtcu]ar

i nvention mn% be desc {] t P tt d &n %e erence to
Fig. 1. P4 Sredymag {’ﬁepr?f&é “’%ﬁi}B%ft %n.”?sg i“ P%Fét 8’& ‘Ee8°r e Pt dPEIene

i nventi orx;haxfaclmlsex,am@btethe sanpame ipls adwibeamprovsle agaagrhetumaaommarapbaratns hatihy or
oxi de, ti Jnacﬂ'ts'téﬂhlﬂé"geh% ﬁty%te Q¥ narc cﬂ?ﬁjaggtstlé) J(;jf \&L(I:h' §2080t dgteﬁtﬁ’éte e\(;eﬂrvgtgp it is

ceram c, nd thei conmpoun e surface which I's coated
with a notﬁﬂ@h@ﬁétngéwwayear hf@fed atahétler%@@ﬁetmgtamvémhmh spsed spdithe dpdting) of 2

deposi ti ofnr@lcsplhiPBl gtd Ng and other filmform ng methods may be indicated.
7 As for the shape of the base substrate 1, for use on disks, douglnl ut

di scoi dal base substrate is used. Base substrates havi ng a ferronagnetlc
met al | ay®riefarskription bf Bawwagscri bed be|OMl in other mords nagnetic recordi ng
and repr oduciig! fegigtt S iR Rt or e s Seddnd bR bl 55866 o
and 5, 00Ccarrpng pwtheaxamplieeftion. use. At this tine, a nmagnetic head runs
flying at a figioRt (Bfn3RREQMERERLYAd bEoBlivS RYGNH in iR 1EmOki-im BHOKE {he
surface or the back of the magnetic recording nmedium In addition, nagnetic
heads t hat™*¥ieriang at a | ow flying height of 10 nmor |ess have been
devel oped. Thgr efioregr afsl@l’shé\hﬁg btas ReSuRMEAALE ahisotfoplRShhdiens figld Mhkiighhd he

fl at ness he sur ﬁ ) ack : the parallelismof both sides, the

ci rcunfer WT’?F“SM%I ept“tﬁ%mﬂgge substrate, and the roughness of both

si des are adéguaised gragoritorolg| thad maaserepered off abicive férein el dqaareneys Fte wriker | ayer
2 of the gRORGLd.F) EAGOLHNGVIERG,UM 10 of the present invention can be
formed by the sputtering or deposition nmethod. It is principally conposed
of an al | oy 68 X8 erbFeatieg tha mgastiseeshel aRpreine £regi Ha istenrabogimest befdbt d free
ener gy [X%ka&hgﬂﬂﬁlng an oxi de or a n|tr|de of both elenents at 1- COlll
tenperatureh% %0 kJ/ o] E or %# nore js used. And tﬂe ch

grains of thd&uRd&rd &8t sHoiag éteeale ”tePi‘e’tthé’f SRRl gt fsld Hkdnd er’rposed
principalmmmmﬁmﬁnlﬁhameakmmmehma hlgher val ue DGof these two el enents, and
an el ement b 3 | QUE XELUCBELPIN K S, Ot LudRS AN, B S SERLEOat ed
in the undembetyer 2 of the present invention, fine crystal gralns are

separ at ed a“ﬁﬁ' $Ql abigdk v § Inﬁtdﬁ:l?)é%ﬁ‘al %é‘s@cn’%%?%%rx}{agﬁ&ﬁ r%?&&%ar&tﬁé’ st al
structure with a uniformcrystal grain diameter is provided eto

crystal stPYR i 7of this underlayer, the crystal grains become |nf|n|tely

smal | in theripnties peePeatve vier ¥Rdwik ARGartgkeoMRghehdtic rdcaﬁdﬁlrg nfedfu@l med on the
under | ayer 2ﬁi and. cr stah grains haV|ng PLEPI% if | at ed Xstal s%ructure
are formed. Thereldt 85V ChA R gietss sTHPR SBETEhobe él?aﬁ%etl recg e faedium

reduced idhotwher Fipgnetic layer 4 and it is possible to realize a

per pendi cul ar magnetic recordi ng nmedi um having a | ow noi se and out standi ng
recordi ng and reproducing characteristics. And it is possible to change the
underlayer 2 into a nultilayered structure conposed of a nunber of |ayers

| ami nat ed one on the other as required® And when the difference of said
DCGof the two el ements conposing principally the underlayer 2 is below 70
kJ/mol, the addition of an infinitely small amount of oxygen or nitrogen in
the fllntdurlng fllntfornlng nakes |t d|ff|cult to transforntthe underlayer

. o o o I o o, Y Y e Y



As for the conponents of said underlayer 2, it is preferable to adopt nore
specifically any one of B, Al, Si, Ti, Zr, H, Ta, M, Mgy, Ca, Be and Ce
for an elenent of a | ower value of DGof the two el ements conposing
principally the underlayer 2, and any one of Cu, Zn, Nb, M, Tc, Ru, Rh,
Pd, Ag, Cd, In, Sn, Re, GCs, Ir, Pt and Au for an elenent of a Hi gher val ue
of DGrenti oned above. As 8 specific exanples of alloys used in the
under | ayer 2 of the present invention conposed principally of alloy of two
ki nds of el enents nentioned above, PdSi alloy, N Zr alloy, |I~iTa all oy,
NiNo allo NbAl alloy, NbSi alloy, RuS alloy, RuAl alloy, RuzZr alloy and
the |ike ©&f1pEREM%EDned. I n addition, O, Co, B, Ta and other el ements
may be addedrasenbiedisiré@etiiginddign al | oy conposing the underlayer 2. It is
pref erabl e %hat bl the all oy conposing said underlayer 2, the contents of
the el emeht PacehP84F d | oner val ue DGbe 10 at%or above and 90 at%or bel ow,
When sai 2.ctindelayes are below 10 at% it is difficult to forma crystal
grain boquﬁngﬂy%&p]a uniformw dth, and in excess of 90 at% the crysta
grai n boundary becones too wide and the crystal grain dianeter becones too
smal | and4th@@€ﬁ9h@mthe recording density of the nediumdeclines. And it is

nor e prefﬁgrﬁgllag,elt(m& tihe a@ @&%&eﬁio@toﬁ he el ement with said | ower val ue DCbe
20 at % or above and é] bel ow. and by limting the sane within such a

range, |t4MPﬂllaYHélaﬁ%§§i‘%Pa@y’E‘B“R’:"éeﬁ‘tolfg‘il the width of the crystal grain
boundary 4 opfoketvepdyermum wi dth and to regul ate the magni tude of the magnetic
interaction of the nmedium snatching with the target recording density. And
it is nore preferable that the contents of the elenment with said higher

val ue OCbhResiModd B Canabngyeit drednB@tiet % or bel ow. When said contents are

bel ow 10 at %y, (?deCnyc%&g ﬁt% &Hnﬁt@mﬁop%iﬂg@ae&%d%% i kg Sty st al
grai n di aneter becones resulting in a decrease of the recording
density ofrawifgs. 177ed1t 1111, and in excess of 90 at% it will be difficult

to forma crygsd al allgrﬁb]{b\wbﬁﬁaﬁ@if:éflyvﬂlé Brogs éé&i(ﬁ]ﬁlrslﬁh&”bhr@tﬁ a Mgk btt ca infRLE
preferable that the contents of the el em%nt with sajd hi ‘{/\ﬁ ue DGhe 40

at % or abBVEIRAE "HE"AE %CBPd”’&éP‘Eﬁiwm setpd 59 IS RRISER Y S0B 1 thiHPYEch a
range, i thand bikk. bexdphsSsbdiksc tecor dmglmemhmtlbehmmdinkﬁpfl dolmpriges yaStaed substateri

poundary [ 8k o RbiIn M%n%tagwﬁmamaﬂ cal AL 2 ts?m{m%aawﬂger@f &g@ewgnet' c

interaction o tar recordi den
it is prelkesrdlphda prhgetive ey lhlmn@thd @kr?eél@ Odfer dal eaﬁéi@@myfe}ayez 45@1@155 rttn

or above apgida 4@tpnné?}5a1]?%l)1%edm% g phi fyép merlﬁ&ﬂﬁ@%oxhﬁosgi & P:ldjlinli;lattgil‘

bel ow, the growth of the crystal grains o under | ayer will be

i nsuffici %éfﬁfnatlﬂeh’ ‘é’ﬁ@éélée ‘&ﬂ“eYZ‘S“‘H’IL?‘?‘ rﬁ“’leﬁgoﬁt‘%WEtﬂdﬁﬁerlaY%@ %‘?eygll 1“3%’F%ﬁ n

di anet er ﬁéoralh@nmdﬁhdvmgelﬁls Rindbflstrudoee R R@ndtiateg exlled T otRailifsilayep@utetivay i N an
i ncrease tgrf% e Cflcutrrg)l oise. (Internediate layer) It is preferable that

t he i nternedtat ePfAyér®3 forned between the underlayer 2 and the magnetic
| ayer 4 be f@mmtbdlatmlaad@letlcalreacufehetmvgmép|1¢ca1>dmalmegnumwﬁ thepfes¢rt mopmgfivamiing | ayer,

and be CO&U?%T%% iQFig a1 ﬁef;eaﬁmt belsmsnéc\awgflﬁagtlafaeec%%mg%e%ﬂemeg Stk y,@;ew e

(fcc) or a exagona | ose- packed stnlcture (hcp). The nmaterials
conposi ngPYHien: jaHe é‘?%‘é@ﬂe P enemyrdintelayes nppyt bespiavified] 4syrefyifed thsa”eelHB\ReR?&@r CoCr

al oy, CoGb&dteal dn@Yhe I'chénet@llayelm as aFPartanghe tvABle |sﬂrd€&1rermyadaﬁloﬁf&ﬂtxlbrﬁﬁlei§ laykt 1S
preferabl e that m.t hi ckn .at.e éiyer 3 be 0.5 m or

h s of t in
above andcoiﬁ?c’?‘?finogﬁ ‘ES“F R CARER H’@L'S&qer?ﬁg‘feﬁio?, ’ﬁ@g‘g FEHST 5w 0.5 m, the
growt h of the\ wagnstcakcogiiag maiiinnl (tlaeing ihe mswstrhct\beoﬁthwsmighatmreqmtdmglmledelmcess of

10 11117, re%ﬂadttohtﬁe &%Q&ﬁn&%&’wih B? de%&%gé @ello@&'ﬂi ﬂrtlge'r gggfs%ith%fer%xn:g torﬁgrf.et ic 9
(Substrate)
As the base substrate 1 related to the present invention, for example, a base plate comprising
aluminum and its alloy or oxide, titanium and its alloy or oxide, or silicone, glass, carbon, ceramic,
plastic, resin and their compound the surface of which is coated with a nonmagnetic layer of a
heterogeneous material by sputtering, deposition, electroplating and other film forming methods may

be indicated.



| ayer will becone | arge and course. (Magnetic |ayer) The nagnetic |ayer 4
is, as $110W1 111 Fig. 1, a nmultilayered Co/Pd film conprising multiple

| ayers of Co | ayer 4a conposed principally of Co and Pd | ayer 4b conposed
principally of Pd |am nated alternatively one on the other a nunber of
times. As materials for conposing the Co | ayer 4a, alloy conposed only of
Co or alloy having a conposition of CoX nay be used. It is preferable that
said X be any of B, A, Si, Ti, Zr, H, Ta, M, Mj, Ca, Be and Ce. By using
such CoX al | gyfer thetshapk bt thDBaspeSSIrdd € 61056 agatagatcegltlhtsd@éo@ibmbdnﬂtetshe

crystal boundary and to _cover fen | - al  grai.ns causing
T rmgnotsr B SPHEE SAE QTP LIS S F19 A s et SRR T PRE £ 1 m
t hi cknesswafls ihigrstiGecdréiyemeda alesotaed aispelchd ¢enmt bithd dink btable tilbeidbf detordisg f Or
exarrpl el 1C 11110Tmatl

th|cknessgtgdggp%ﬁggkg%Tg QP T‘mglcu %gﬁla%%%ﬁgﬁgﬁ%ﬁgg?”hpa&pé&Pﬁg%ned um
shows t heexmnlp Herrse it ks tms ftn@nnm leed ming flgingrploshaight pﬁ@pﬂdmpaéeyse@ lwbor sinpl e

subst anCGsePQalQélsVé@Hn ASvedht Quacptn @t SORNE %w%%heteseﬂtn@gnqemti In Eﬂﬁiom PdAl
and the lik be used, and in certain cases ¥ be repl aced Pt as
S|

the pri nc‘lﬂiﬁé?F“Cc fainfn Ffyingue e 1ot @xltgaheght?ﬁéofw A Wﬁé’:?%“ Welemﬁds Pd
| ayer 4b Tl&tdﬂ&& fspeelbtatecabdn&ttell rfmtsodes &ebhich thelffantedrofaxaatptaee bibadk,ltBnge of

0.8 1- And, t nunb r of ated f a and Pd
Vayer 4 PHIEHS Hebgariet epermipeathmedi o AR 1 b RpRReehs B 11 m
may be opo&ﬂamhhgmoﬁoeemomoa&omﬁhn@ute t he opti mum nunber of |ayers
dependingtﬁ Pg characteristics of the magnetic head conbined with the
perpend|c$ ar recording nmedium 10. On certain perpendicul ar recording nedia
havi ng a nagh@tunderlagy érof g msercdig rasprding aeginmt 10|04 he peesenCyr @i oy ¢anbe rmedi d
conmposi t i Qe tmeelmgd)t uépon@ttﬁﬁetﬁcesuhg lsrndptxryq;mnt)tted SBANALY 6f D eRMAGE, R Of

t he nagnetlc | 'ayer been an issue. erpendlcular recordgvﬁbnedlum

rel ated wit A% ?ﬂéh bPé@Eﬁ‘fe friipadars e e‘ﬁtﬁé(e“tféf"r p&t‘j‘é‘”%a‘t Pradeaqrtd HHdGP
under | ayedslet&ndas ﬁ:rombedpeadnoye 7ou<t/mos[q5ossf]lmt MofeQs eednaaoﬂehet&nﬁtamgmetﬂ the

i sol ation \/ r neti.c r.educe
t he mgnettm%ellay%lt% Iglate(ti 9/ tfa he Br etselllggwentlﬁxg%re compose% rprmcdpallx\n}/ ar eéerlll’(l:elelp ‘iwfh aqughﬁ Ossi bl e

to obtai nvaaleoeﬁmémcheom acmemecorddmn@mnlﬂdmhmlttmmlg: so°fout stdgndimigdesenbr di ng
and reprogucing.chaf ﬁ.@tcgét'atséx i b%ﬁt a& Y a8, B THISH Bntd sn%ctmegh the
recording densit resent carrylng out describes the case of
conposi ngUndprkayered pleths elereayerewoefﬁna cnﬁtﬁlt Frpigy e ewpaEtss pad fsplptst by Hletcnetal

per pendi nglalafboﬁlﬁl@@rzﬁlﬂ noldatedlcwnat atuatuedww & bnitdae c@rsas giafn didhveentid goviddaowever ,

t he magne n al o ri canposed
of Go- andPts e T bt R g bF Sriese B s e elERRme e
adopt ed, nhenaetd layer dbnd hemagder laaa]érforzwe mathe esdetlayef dramd aryﬂd@naeatthMder

the cryst 1%1119 glla@§ cﬁgta]\’mhﬁu e ?rFeefogl eQ erh%fworm{eq{? %ﬁ&m hntnggclt%n lop glly&;l %FLmsTJ“ S
| eads to a°red gnetic I nteraction anong st al
grains anudltcne irf @?P mgeiehn o 4 apertpe Aepsiblg|tareahzscd P‘HP%QICWﬁdeWF‘FFaVF%%ﬂ&an

out st andi g RPhAfeGh&s ﬁ&@eea'nd Sitdtsndink R&ofaf |aﬁli"ﬂe;5}gddc§1grcﬁ'a$ac@%§t?c§| ption of the
production process of the magnetic recor ﬁé 10 of sajd

const r uct i on” Byt nBOSé‘Bt‘ittPéPt%ﬁ et RgEYer( 2sb’d’t ?élt‘t“H?j’e tSHBe AQPRgse of 2

sput t er i ngnivet dfoayed tinsitatddwhé aothasthexarepliedof the nethod of producing the
P?gﬂg; Iea : ﬁg 1E§Jvlgeqstlgm felilter};lcel'gf slaledl %ﬁ gt\/\ﬁfe{’}'_oé::lerllne 1 g?}ﬁ sing ]pn%/erhﬂ lg 8119 ’Undenﬁr {Nhi l e
t he base %utﬁstowvatoekl&nq%robfeeddbreﬁ of en infiwitetyamgd tamog @f pmelsoratlirqgem ke film

sput t er i ng, {EIARRdMARS Falest PR No! thanffons e ARG yMihio S, E&@ra&@-st@o SRstrate
1 remains fiXxed before the target can be shown as” exanpl e for mer

t r ansf er r fERIeyAHS herlfetof raducingetingusielc piarstien Py LhEt: aPtlaat %e Pggnciiass
product i ORyer 4ot ob@EET or e advantageous for the production of magnetic
recordi ng ne ia t a |OM/C%§L, éhe Iatt%% t|c ty u tering

met hod enabl @%'¥ §'5PBRRIEES @‘r‘?étlf‘eéla}‘eé of GiPHE ed‘i"é ARG ‘é ot BY &hdi ng
recordingd&ndlmenhdeﬁiﬁgthMgaDtBfmﬂmkdmbeeEMSEOQiMamsmmbbEAthHetwd

i nci dence utterin tpate 1. The
sputteri nelé)mengs c%aapg)smédonfmigglg Odl,lljlggly ésrtjh and an %t1 &%u\pﬂécmriﬁg n,.et%x ﬁg‘ }%

rel at ed V\M HEd e Spries ©mtlr, Phardniu ﬁgnan denppot Oﬂallmltredhte@f tAlﬁ?éthrtan@faéPant ype
and the static-type. The nagnetic recording nmedium 10 related with the
present invention can be produced by using said sputtering method for

form ng successively on the base substrate 1 thin filmof the underlayer 2,
the internediate | ayer 3, the nagneticglayer 4 (repeated | am nation of the
Co |l ayer 4a and the Pd | ayer 4b) and the protective |layer 5 one on the
other. And the magnetic recording nedium 10 according to the production
nethod of the present node of carrylng out |s produced as fol | ows: EUrlng

Y T P Y Y o o T . a a



mtigated and the nmedium noise is reduced. Wen the underlayer 2 is
deposited by using said filmforniing gas containing oxygen or nitrogen,
depending on the material conposing the underlayer 2, the addition of
excessi ve anount of oxygen or nitrogen sonetinmes causes oxygen or nitrogen
to disperse in the internediate | ayer or nmagnetic |ayer- which are above
the underlayer and results in the deterioration of crystallinity.
Therefore, it is preferable that the anmount of oxygen or nitrogen added be

kept wit mpgcli?c dxBHEs RhudQu&a TPhe ﬁx)d@lﬁay@abZQ)f %w%ﬁ%n@n%en%gn compb§¥d pAficifA®y W i n
terms of the Partlal pressure of And t he

pt - Odl | Craley pY 9 epdsc steareas étfmtl%’e‘i h@vi)rl’élgbﬂlp%.W{eH{qyo]h‘lTa|ai1@wg‘hNba?‘{°é»r t he
deposi t i obANIbLYIENUSNERS, Mera%y RnieXpR ezt hnbysanﬂfta@ﬂk@f:antﬂ;temw&dﬁﬁl myer 2

to an atrm pher ont en and/ or nitrogen. an _expasure, it
i s possi bI%€1PY Cﬁa@%%ﬁé Egtlh %glbelms RY B5ide Ay té?ofge %ﬂgoy Cm?j‘i’osglg Kmount
of oxygenumderthyor2. ni trogen, to nmake the crystal grains of the internedi ate

| ayer 3 and E%lémwfﬁ] rrtia‘mI Y fio oy %OlII}Q)E g%galé)tﬂldgrﬂﬁer%n ﬁlx@ Lxﬁé’n%r Qf%hel JEdth' \Ll@ls :Bmal Iy
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The results of evaluation of the magnetic characteristics of the magnetic
recordi ng nmedi a produced as descri bed above are shown in Figs. 2 and 3.
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shows the result of neasurenent of anisotropic nmagnetic field Hk. To begin
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The following is the description of the production process of the magnetic recording medium



measur enent of the anisotropic magnetic field Hk of the sanme. The nagnitude
of the coercivity squareness ratio a of the nultilayered (CoB /Pd) film
"medi um having a PdSi,s seed |ayer shown in Fig. 4 corresponds to the
strength of the exchange interaction anong magnetic crystal grains. As
shown in Fig. 4, a value dimnishes nonotonously proportionately to the
anount of Oz added irrespective of whether Oz is added to the nmagnetic

| ayer or the sane is added to the PdSi, a seed layer, and in sanples in

whi ch thelofolfgnM d’oaﬁtﬁlcﬁkfn Y¥hd sputseihg @éthal. sccm (approxi mately 0.3 m Ton-), the
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In the housing 71 and besi de the magnetic recording nedium 72, there is a
rotary shaft 77 called "rotary actuator" being supported by the bearing 76
‘in parallel with the spindle 74. This rotary shaft 77 is provided with a
plurality of swing alnms 79 protruding in the space between each nmagl ?etic
recording 117ed11r171 72. At the tip of each swing allll 79, a nmagnetic
head 50 is fixed through a slender triangul ar suspension 78 fixed

di agonal | y opposite to the surface of each nagnetic recordi ng medi um 72
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magnetic fie|ld generated b netic erro netic
e o el e oot ot R oyt Ao LEH RIS,
nmagnet i ¢ undérbyerel iooexplxy Uneovifang of the usdeingr araan/8maspbert heraragneyia héad 50 to
?Reolptela(lzra]_lgtlé()gg% stuiggan]? fir;(gés dle 1”33%%Fshb]e torhgge t{l«ggu cac‘ergg?ﬂegfélﬂ%% e?'l?%d%&fb QE&:SC'{ Ing
magnet i c mwmrdlmmemd@/umlﬁ@ebyo mekathe nyst@h@ramfegfr fb@lumrm@iqat@laéﬁffemllddhe t he

magneti ¢ heag; iagel 4 @01919@%ﬁqm QR zrm@lieglg,algngnw btd [bgdmgﬁe;naglem
i nformati on as shown above, the magnetic recor nedi um 72 has an
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magnet i ¢ HBHRISO RBYASE BTMTRE" Pie? ATRBeopti Rseid: nunber of one or more. And the
shape and t hgngiht Vlhdﬂﬁla)%YQh@lme@fwnhh& ﬁwen[gmadmlmaﬁa@m@& alphmlneef fagerd hose

shown on the figure, |nea dr|V|n ny ot her stens
s ot BB e e TREs F bt PAMSIT LABI T R A R paEp e | n
details, thheypeopeddeaest @nhaeepetdilng: mdongrtheolbydrsh@nppmm uideNayatd oay | S
charact erjzg oshéq(mg@yi%gh{é dw)@ﬂs A%Els £OIP aa%s& ﬂﬂnfé, W3, th& |deAdykyo

conposed of el ement erence of stan ree ener gy
DGf or  f onfeimmgsean PAXilaier lominatedpn # N&’e ﬁbo@ ﬂreoﬂeﬁmaewé Pp@Nifeer mm%fa?f & Yepent

el ements o §§{1a113~taluzchd@(]§d\4%unﬁ %st@lrgrzm?s]plﬁiExpﬁl@Qb’ﬁposEch&" aﬁre)éﬁieﬂwﬂlraahgh@r 17
constituti ng sai d under| a yer |§]|npr| nci an el ement having a

hi gher varats AzFGé?ﬂ%ﬁb e%?bi"d bITB RS abﬁﬁdhetﬁ{ggd?%}‘?t‘%fheg‘?aﬁ’i’%c BTty of
sai d undesfl thy efagrieSic }myemccllpaldew@@ mpgseld 1106 regdrd @hat ekad ddfpoatldﬁi h’nétthmﬁ)}f be

el ement s ha}/ 94 IJiBy}ﬁm 1S oseaebePG saldg;d& fﬂn on tﬂgsslge f‘?l%:ethaSe substra ) possible to
obtain a #P %coercwerP H{e FC Theeractt ons anong
crystal grai qas itiinpdskigle ttra\gsnetmlmdIgay@:rtauaaddbyta@rbm&dxage@ and/or wiwegen taadydorroder oduce
i nformatign at g dlgfr:]cgnmé SR HhIhd 18NS bldVio rElled BER REMaRRAL intdREoPEQALICE | ON
nmet hod related wt present i'nvention conprises a Step of formng the
under | aye’lﬂa&’alﬁ“calaﬁ%rﬁwéré}ﬁét’?t@db‘é‘@@‘ keadsste ribg eASeREPIaClsOREFIoT FERESH ethinHae
magneti ¢ haghefic 15@&4@@%&@& 1958 BQ Bt Piniky n@ KHFRbrOI0e BFte 2BIE MdRAEE a5y @'to The

step of f n nder| ayer conpris te or.m n oxi de or
nitride o?ecg‘]fe %é"‘é ?reoﬁ&“w?‘m 8 it ngsd‘? g‘é?dgﬁcétt‘itlg fﬁWD%ﬂ“‘fgn@gé?? LoReFEut i ng
t he underla&y@r:t is preffdnableung @& banyeats be Byntagigd witlin przmgcest‘slo Torr bisabpassd bk @0t o

produce e?‘orr or%e]aw g{egﬁs o?'tl%%al?‘ lple%&?e oqla gﬁag%gs'v% a% t he magnetic

i nteractions ay r are small and yet
recordi ng(‘t%mbddlme’piﬁ)odum ng char act eri stl cs are out st andi ng. 18
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Clains 1. A perpendicular recording 111241t1111 00171pl-ISltlg a
nonnmagneti ¢ base substrate, an underlayer forned directly or indirectly on
"said nonmagneti c base substrate, and a magnetic |ayer formed on said
under| ayer for recording magnetic information, wherein said underl ayer
-conprises an alloy principally conposed of two kinds of elenents, the
difference of standard free energy D& or producing an oxide or a nitride of
said both elenents at roomtenperature is set at 70 kJ/nol [Qz or NZ] or
above, the cmy %Fe@ém Q}K/@itlﬂl$wﬂlQﬂilteslcilledluﬂlngabtﬁilsll)@dl&fdu@/@fbo&hﬁntpﬂ{d%%paﬂd y
conposed of el enents having a_ hi r.val ue DGof said two el enents, and the
crystal d??ﬁﬁ”BSHWB&PVa%Fm%é?@aﬁgﬂg%wg?gr is principally conposed of an
oxi de or @mhbdinerde) of said el ement having a | ower value DG 2. The
per pendi cul ar .recordin u . ment
having a1 ouai vaPGE BleTRihy Medepa iRt dafe By b BEASLE L, FURTA
Si, Ti, Zqopdltﬂfns afidtheivimagivtj¢ Cl@alctCMCsa}{v'mIe ©eluaigd. The perpendi cul ar recording
medi um accor | 2% QNEEREM e MABLEAD ol D61 BOR GRlaR]) ShBEROLS sk B &

%

| ower val ue I'n sald underlayer "1Is or "above and 90 at % or
bel ow. 4. dmfeeq@epqovéwuwwpaﬁmerOéétsrsaif%@O%Sétﬂ‘ﬂﬂ%ﬁ %&%law‘aif%‘ae pigroRAlere B baggher e n

the cont e(vn{te%m@&at@ha@mmuﬁ ah@y ﬂﬂglqesd Mﬁmvat 15[)\Gq}ﬁ>lﬂ{1a<haébedoizmm$aiPd (film
under | ayer ﬁ%s 20 at‘V abov t % or er enS| cul ar

recor di ng™fEFIm F0ckr 18?5’1’6“% gln’aﬂvgﬁﬁ% BFct gl Wﬁtecfvf ﬁﬂm l%rﬁte YeWHeY el

elrn the
el ement rmvaegngzeaz tepgdied oualoueheD@hernlt}atlmeaduttennga1eduodmelerddagﬁe¢ perperditylaone  of

Cu, En, %Pr&/ltl) mecﬁﬂm Rysh u ’be ng dd égl salg:qna tit ﬁ%pas 1t11 dI (fo/Pﬁlmaﬂgreﬁlu 6.

The perpen | Um acCori n to c wherein the
content s ¢ CeB émﬁn@thhﬁéiamg agg ah?fgﬁeﬂﬂﬁaﬁlnu@d%@?ﬁ ai ned in said under| ayer

is 10 at% OrInqpé)}ﬁ%seﬂngnl%gm?ctu?/oaqgtalbﬁl PNgiffdrent HBGpIBE WAL Retideedda)y dheGddhdd
medi um accor di to claim5, wherein the contents of el errenttg‘élhaw ng, a

hi gher vahisknesaich sSFhiEriha EaEeiUntRF LAyBrngWingdn spos e Bohe ARE8h at %
or bel ow. jafkr. ThB&RAR @ﬁﬂid{h@ﬁﬂp&f tionfc@edMicels BOthé@aindfa @eedinglinadja bmdla:ﬁtyin(lhm of
clainms 1 throu g% % the filmthi ckness of said underlayer is 0.5 mm
or above HRE"SEP ngfwﬁé()% ‘9. The perpendicul ar recording nedi um

accor di ng t oTl&rbgsiosiciofe: Ebauamedjglasma@uglhstﬁtedmd ss¢digyeaffilinfvemesdl at® | ayer

bet ween s ﬂim)d/ fF'g rﬁgs%r(hﬂytﬁirckl E)KH?/ ‘?ﬁllncthllslalxﬁr 0. m%f/qjdrtﬁll§ﬁlcﬁl1ésdqtl enipdi ate

| ayer has ce cent ere tructure (fcc) or a hexagonal close-packed
struct uremegﬁ’é‘ﬁf)ﬁlmi§ P@PF@%@PH@WHF“@&‘I‘@&% Sm@¢or di ng medi um according to claim

9, wherein thgnpkialre 6fhieqylawse&&qtefro@ateﬁhpélmuerrredl ate layer is 0.5 nmor

above and 10 _run or eIOM/ } e Ful ecor di ng nmedi um accordi ng
to any one of*dF&ErHEa e ’I’i‘?ﬁd’ué‘fi’oTW’g ‘%ﬁé?&?ﬁﬁ %srgsgnr%éﬁnet ic layer- conprises
air alloy prGmgirgalt 3 tesmpas dehoofing@ae Rartase@nd tht Sagnetic film: 60mTorr

) And as comparative samples, perpendicular recording media of the identical structure as the
one described above were produced with exceptions that an ITO seed layer was used for the
underlayer 2 and that the film thickness was varied within a range of 1 — 5 nm.

The results of evaluation of the magnetic characteristics of the magnetic recording media
produced as described above are shown in Figs. 2 and 3. Fig. 2 shows the result of measurement of
coercive force He, and Fig. 3 shows the result of measurement of anisotropic magnetic field Hk.

To begin with, as shown in Fig. 2 graph, it was confirmed that the coercive force He of the
perpendicular recording media having the structure of the present invention by adopting the NiZrqg
seed layer improved by approximately 600 — 1,500 Oe as compared with the media having the
conventional ITO seed layer. And it was confirmed that Hc improved by approximately 2k Oe in
comparison with media without any seed layer.

While the NiZry seed layer was exposed to the atmosphere after its deposition had been

completed in the present Embodiment, the exposure of the NiZry seed layer to a mixed gas

containing oxygen or nitrogen resulted in an equivalent coercive force.
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12. The perpendicul ar recordi ng medi um according to any one of clains 1

t hrough 10 ,wherein said magnetic layer is a multilayered fl mconprising
"layers principally conposed of Co and |l ayers principally conposed of Pd
alternatively | am nated one on the other a nunber of tinmes. 13. The

per pendi cul ar recordi ng medi um according to claim 12, wherein said |ayer
principally conposed of Co is conposed of a CoX alloy, said X being any one
of B, AI, Si, Ti, Zr, H, Ta, M, My, Ca, Be and Ce. 14. A nethod of

produci ng t hﬁg Rek 9@&91& Qiélvﬁ{g tlﬁee&eﬁaélﬁlﬂf&gofﬂlﬁéjmﬂsoﬁﬁlﬂwﬂa@eﬂgﬁad sikep tHafmefiimrnm ng

the underl ayer on nonmantlcb e substrat orming the
magnet i ¢ 9“&%%?““1“8‘?55 IR Hgy 1@?%@“?&#%%5”&?#@%”2% Sélaw?ja cgn &p lﬁvltiar

wher ei n aﬁbpmxmﬁlem}o laDenhEEpr(ﬁi]&e of thatprekeaasthlc(mms kidndatafal ef denseet] laypr home
SLgnﬁzgzrtF”g%:? it'is pos%l a%e?r]%gﬁnect gpg?#ﬁnegse 11% %vﬂﬁe f I—F}\y Ié tc! t?liggé 0@%&% I\fxf)lrsgﬁd | gf
pr oduci nglaymesl}:wndm Eigl 2ais nptea@obtdalﬂfgtomemcaawb@t@ngth n@thﬁ @nls,qtlaplm@glﬂ%é?léph sai d
under | ay als! Ao PIhG! Padctedse GRMRAGEH RS intelRridtl HSkDg Qfystal

el emsnts%e ggg%g% ?ﬁ%ogﬂl “ement s corrprlcsesel wo el gggr%ntlg of l\l\}hl ch g Bsa

differ enc@alt}‘fmﬁltealﬁ?dmﬂd‘ab’?ree energy 0G for fonning an oxide or a n| tr| de in
roomtenper aigy @e Ip%dl]&lok‘ﬂ)& 10 owhi{RZih © EO])BRI])I‘ISOCICS@J[B@/ ghovd Of Jdigentetlirodcoading

produci ng perpendi cul ar ing medjia ac o.cl ai,m
, wher ei n 844 'P%I‘féérs?ﬁdﬁ@'e‘g%é\?@g%@t ‘glarﬁe?ﬁiday(?k f’? %]S%ffiq ?IJ Sélgﬁee]dﬁayﬁrsoe 'n t he

st ep of dejasd ﬁtvhllﬂgloﬁa)lf cheiv mdgurelnaymactehhxas pacadddahat greessliareviof anpxyfdgerseot

0 T 0
-T-IO':, ; gen Ié?eé% 10&9:1 all.llh]glover}]?ehp gf 283 rcxve I n%f %&) d)e or%bbv éq{l frpa}%}ll?on%ﬁlx ﬁe J%Sed;la Z

UC|ng per pendi cu recor
accor d| nghavimg ARy seddayok, wil ehemHMvatule rwas)aglhtalm@esmt@}‘eefrfﬁheaprﬁsielll%afl%ﬁ gas
cont ai nin tf?@%&ﬁ Pr nitrogen is used in the step of depositing said
magnetic [ayer, e partial pressure of oxygen or nitrogen in said film

f ormi ng g@gnb@@mﬁ'@ﬂio 6 Tow or above and 6 x 10-z Tow or bel ow. 18. The
met hod of progiiCisnge Bﬁébmﬂdﬁe%lﬁd{ CIIS/ﬂﬂQIedlgfhgs m&im&sma;@rsdedrﬂgyet Qunderiayane of

P IS T W T T
deposi ti owitio fisihatknesdesingy e magitde filheagretihiper )m‘omppa\;dl gﬁ[icngu}ﬁfélnﬁbln@r&‘éul ar
recordi r]gO ?’qcrilg?‘}a;? i l[h%kpgs lq \;\]gljm’ aij%n %&te&ﬁ/e fi ‘M? %fr@[lsd?lv@'ﬁya'i varX s&fzesmlj)p h the
el ement w avi ng S any

one T, Zr,
Hf, Ta, Mipotigd o®aon Be Oéﬂﬁldto(moquge w@ﬁené@llane@pqlwm%%o@l%‘gfr gvardé in this

Under | ayeﬁmbaﬂnelgn%eéﬁgﬁdm{il f%tm@lh@q{é@:luﬂga\ﬁl%rmglb%#b@ﬁ wiRA8kHiRGoFedi A
according to cl wherein the contents of the el enent having a | ower

val ue DGaN#'eGAtFade e 5P PY8IT89°f¥°40 at % or above and 90 at % or bel ow.
21. The net hodnsfEnpodten) agupdtypendhges) ere predoediang medAagace emdkgdggat 0

I 17, h d
claim AY ?réselﬁdn tf{]ﬁmg %qg G Var {’; 1i]ﬂeﬂo@ gge&t dz %aéhﬁ]gheaﬁll]p%ﬂmg%Lyﬁ t Qan

cont Ai ned i'n or above an % or
The net hodep@!Flthmrm@I?tg@lOﬁ@eBé?lp%eﬁdﬁyemnéﬁheﬁ@é’éﬁﬂéliabi‘g Thedioy rae ool hgrs @S ﬁhy one

of claim géxslrmmappﬂ)rhcclﬂgme%@fv@'oﬁwﬁﬁhéflld Qs RdedbYioh Tllé’lﬁrlﬁ‘u%ﬂ'fthev&eﬁdaltlan hi gher
val ue DG s any one of T In, Sn;

Re; Gs, | Fondlﬂpn%ﬂﬂfé}‘eﬂﬁ‘g‘i‘eém Uﬁ@&‘l’&?e%PT&P‘P“E@/‘“&B%%@H@E“EE’JF & 1P’ﬁ‘ﬁ"érl ayer.

The basic structure: Crystallized glass base substrate / NiZryg seed layer (film thickness: 2.5
nm) / PdSi;g seed layer (film thickness: 5 nm) / [CoBs (film thickness: 0.2 nm) / Pd (film thickness:
1 nm) Jop magnetic film / C protective film (film thickness: 6 nm)

Temperature of the base substrate: room temperature

Gas pressure at the time of depositing the NiZr seed layer: SmTorr

Gas pressure at the time of depositing the PdSi seed layer and the magnetic film: 60mTorr

The results of evaluation of the magnetic characteristics of the magnetic recording media
produced as described above are shown from Figs. 4 to 6. Fig. 4 shows the dependence of a
squareness ratio o of the media obtained as described above on the flow rate of O, gas, Fig. 5 shows

the result of measurement of the coercive force He of the same, and Fig. 6 shows the result of
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23. The nethod of producing perpendicul ar recordi ng nedia according to
claim19, wherein the contents of the el enent having a higher val ue DGnd
‘contained in said alloy is 10 at% or above and 90 at % or bel ow. 24. The

met hod of produci ng perpendi cul ar recording nedia according to claim 19,
wherein the contents of the elenent 1lavltlg a higher value DGand contai ned
in said alloy is 40 at% or above and 80 at% or bel ow. 25. A nagnetic
recordi ng apparatus conprising a perpendi cul ar recordi ng nedi um accordi ng

to any ong agjren?elnﬁ‘J)m ahishd Q%n&%ﬁe@ I—ﬁdeWe@zgnepart for driving said

per pendi cular. recor fg dium and magneti ¢ head for recording

repr oduci ng %qw&*ﬁli“ée P ri'l“‘(ﬁoﬁlﬁt"i%?ﬂ“aWFésr Blih o Saha teer Bl ffl’@dlé?fjldg‘ and
reproduces,ipgnasi SCSPédr‘!B\Qf Em)tw'nqm F@N4 3eds oh@snfb SR cd'elfgﬁ‘f PrRaREEehdngs infee@dndi Ng
medi umin notion. AN@ ANy. AS. A S. A (f, AN. A

@ A@ A( S. aA(ong A(l@‘lﬂlc A‘@tﬂf gﬁ(ly K(SSS }QW@ }Q@ /& 4Aa“> bqluflélrwmshes monotonously

KOs L! hwmf@@{&}tmmlg 1Zh€ ahan] @fajzmaaldaaa]r@pdca&]afaaaetaﬁ]rm]lma]daat]om&]m}um]ayﬁal caj ca

R - CHBVBLE CHOLPUT EEEORFEL G RO V] iy D) i) BRSO s o) ooy coy

ca] ca] ca]cah Gaposihea]yda] méi]onra}lr;ax}agm]wa}fcm capcddraed & apal]oala]a@h/]ScﬁﬂomFGGGS HH
>K[ KKIMNaNQOGS %jﬁ}ca n at the a dltIOI]\ of O, to, the magnetic Jayer or the PdSi)s seed layer

bbcehhhl}xsnld ca calca] ca ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] esjee BF eapekl @&] aébqnéalpelef@é abgEpipsP i Ubtaey<"  u=D7=NW wgl gb] X] ¢
?L ; ?]c ; ?L ; ?L C,quél f ﬂﬁ%ﬁ@h&ﬁ& calcabaalc alealcal saheahsadienh GaFgal oaliea] cal ca
a] ca] ca] ca]

r G-$% br 2A%EAR Bt] %Y%?&P%‘éi’]”&’ﬁ]dﬁsﬁ]lw] Vhin it adedie diy T femineges Ky 2408 ¥a) ca] ca
]<(k:16k1!3 /; 31 g?dlﬁtﬂé Basi ,]G &de@ &]yaaé\@ﬁ]fm]lc&}deciaﬂom&] ﬁjﬁl'f]m’rﬁng] gas up to]2 .0 sccm (approx1mately

C a cal ca
ca] ca] ca] g‘fé }{(C:é'%lg%iegginéé}lgg )tc%] ngl} ca’ %L& 1‘%}? (fgz%d%‘l@% ‘fccﬂlloo/gj& ]
) - 10908 (()ap;@ﬁm&y @)}@bxi})ﬂz@degosmqlo&me (n)agxch?@@ll@@/@&nw/@lls down sharply to
109 () - ﬂé@%}& ()-# 10%08 ()-, !'10%0& ()-@! 1090 ()-- 10%0& ()-7v1G H
| A6 100#<IDYR ()-3. | 1096R! () -, 10%0! ()- Y+1096& () - K& 9$10000K () -

1d’ Hk shown in’Fig. 6, like said ‘coercive force Hc,

& s$10%&' () - They, RusRyeys: magnetic

igg Qlog%-gggeé As A %8un o DA IR ofr of B0l M¥Tcmétjon E%w 1AS1Q ¥ekd (ayer&DrOht 0@ h8nd, ) - &
10T, 3= 10%}5% e 9 Pq-08 O Yor iy TR PHORF g TRRReic AT T 0BFY T P8R ' Yot ) - Fos

c 110%  at 2.0 sccm, Hk value falls down sharply.

These facts suggest that the addition of an excessive amount of O, to the magnetic layer causes
the anisotropic magnetic field Hk of the magnetic layer (in other words, potential power for the
coercive force of magnetic materials) to decrease substantially, and as a result the coercive force of

j the medium decreases sharply. From this fact, it was confirmed that in order to make a multilayered

| medium having a small a value and a high He value compatible, the process of adding O, to the
PdSi,s seed layer is very effective, and that, when O, is added to the magnetic layer, a control of the
amount of O, added to an adequate range produces a meaningful result.

And then, the media were subjected to sectional TEM observations in order to clarify the effect
of adding O, to the PdSi,s seed layer of the Embodiment. As a result, it was found that the PdSig
underlayer which should essentially be amorphous has been crystallized. And it was also found that
the crystal grains of this PdSi g seed layer have developed a Si-poor PdSi phase, and that the crystal
grain boundary has developed an amorphous phase composed principally of SiO».

From this fact, it was confirmed that the addition of O, to the PdSi;g seed layer caused Si
having a small atomic radius and a high affinity with oxygen to segregate easily in the crystal grain
boundary, and as a result the crystal grain boundary around the crystal grains principally composed
of Pd which is an element having a higher value AG°will be principally composed of an oxide of Si

which is an element having a lower value AG°composing the underlayer related to the present
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form the crystal grain boundary of the magnetic layer. The fact that the magnetic interactions among

magnetic crystal grains are reduced substantially in the magnetic recording medium of this
Embodiment is likely to be attributable to B that has segregated along the grain boundary of this

seed layer.

And as a result of TEM observations carried out on the magnetic recording media of the
conventional structure having an ITO seed layer produced in said Embodiment 1, B segregated very
little despite the identity of the media of this Embodiment in terms of the structure of magnetic layer.
This fact reveals that the accelerated segregation of B in the magnetic layer of the medium of this
Embodiment is attributable to the PdSi seed layer having the structure of the present invention.

Incidentally, the DC magnetron sputtering method was used to form various layers composing
the medium in said Embodiment. However, it is needless to say that the RF sputtering method, the
Jaser deposition method, the ion beam film forming method and other film forming methods can be
used.

As for the sputtering gas for forming the magnetic layer, krypton Kr and xenon Xe having a
greater valence than Ar are preferable. The use of these gases impedes the possibility of mixing
between layers of the multilayered Co/Pd film and leads to the development of a high perpendicular
magnetic anisotropy.

(Magnetic recording apparatus)

And now the mégnetic recording apparatus related to the present invention will be described

j below with reference to drawings. Fig. 7 is a cross sectional view showing an example of hard disk
drive which is a magnetic recording apparatus related to the present invention, and Fig. 8 is a plane
view of the magnetic recording apparatus shown in Fig. 7. In Figs. 7 and 8, 50 represents a magnetic
head, 70 a hard disk drive, 71 a housing, 72 a magnetic recording medium, 73 a spacer, 79 a swing
arm, and 78 a suspension. The hard disk drive 70 related to the present mode of carrying out mounts
said magnetic recording medium of the present invention.

The hard disk drive 70 is externally constituted by the rectangular housing 71 having an inner
space for housing the discoidal magnetic recording media 72, the magnetic head 50 and other
elements. This housing 71 contains inside a plurality of magnetic recording media 72 skewered
alternatively with spacers 73 on a spindle 74. And the housing 71 contains a bearing (not shown) for
the spindle 74, and on the outside of the housing 71 there is a motor 75 for rotating the spindle 74.
By this structure, all the perpendicular recording media 72 are kept rotatively around the spindle 74
all being bundled together while leaving intervals with spacers 73 for allowing the approach of

magnetic heads 50.
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medium 72 located above or below the same. This magnetic head 50 is provided with a recording
element not shown for writing information on the magnetic recording medium 72 and a reproduction
element not shown for reading information from the magnetic recording medium 72.
It is possible according to said structure to rotate the magnetic recording medium 72, to move
the magnetic head 50 in the radius direction of the magnetic recording medium 72 by the movement
of the swing arm 79, and therefore the magnetic head 50 can move to any position on the magnetic
recording medium 72.
The hard disk drive 70 of the structure described above can write desired magnetic information
on a magnetic recording medium 72 by rotating the magnetic recording medium 72, by moving the
swing arm 79 and by causing the magnetic field generated by this magnetic head 50 act on the
ferromagnetic metal layer composing the magnetic recording medium 72. It also can read magnetic
information by moving the swing arm 79 and the magnetic head 50 to an optional position on the
magnetic recording medium 72 and by detecting the leakage magnetic field from the magnetic layer
constituting the magnetic recording medium 72 by means of the reproduction element of the
magnetic head.
If, in connection with reading and writing magnetic information as shown above, the magnetic
recording medium 72 has an oulstanding recording and reproducing characteristics as described
) above, it is possible normally to record and reproduce at a high recording density and to provide a
high-speed hard disk drive 70 with a Jarge capacity.
Incidentally, the hard disk drive 70 described above with reference to Figs. 7 and 8 show only
an example of magnetic recording apparatuses, and the number of magnetic recording media
mounted on the magnetic recording apparatus may be any optional number of one or more, and the
number of magnetic heads mounted may be any optional number of one or more. And the shape and

the driving system of the swing arm 79 are not limited to those shown on the figure, and the linear

driving system and any other systems may obviously be adopted.

Industrial Applicability

As described above in details, the perpendicular recording medium of the present invention is
characterized in that said underlayer comprises an alloy principally composed of two kinds of
elements, the difference of standard free energy AG°for forming an oxide or a nitride at room

temperature of said both elements is set at 70 ki/Mol [O, or N,] or above, the crystal grains
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oxide or a nitride of elements having a lower value AG®. For all these facts, it is possible to obtain a
high coercive force, to reduce the magnetic interactions among crystal grains in the magnetic layer
and therefore to record and reproduce information at a high recording density.

On the other hand, the production method related with the present invention comprises a step of
forming the underlayer on a nonmagnetic base substrate and a step of forming the magnetic layer for
recording magnetic information on said underlayer. The step of forming said underlayer comprises a
step of forming an oxide or a nitride of at least one kind or more of elements among those
constituting the underlayer in the underlayer. By such a process, it is possible to produce easily a
perpendicular recording medium wherein the magnetic interactions among crystal grains in said

magnetic layer are small and yet recording and reproducing characteristics are outstanding.
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said underlayer for lecmdmg magnetic information, wherein
said underlayer comprises an alloy principally composed of two kinds of elements, the
difference of standard free energy AG°for producing an oxide or a nitride of said both elements at
room temperature is set at 70 kJ/mo} [O, or N;] or above,
the crystal grains constituting said underlayer are principally composed of elements having a
higher value AG®of said two elements, and '
the crystal grain boundary of said underlayer is principally composed of an oxide or a nitride of
said element having a lower value AG®°.
2. The perpendicular recording medium according to claim 1, wherein the element having a lower
value AG°contained in said underlayer is any one of B, Al, Si, Ti, Zr, Hf, Ta, Mn, Mg, Ca, Be and
Ce.
3. The perpendicular recording medium according to claim 2, wherein the contents of elements
having a lower value AGC°contained in said underlayer is 10 at% or above and 90 at% or below.
4. The perpendicular recording medium according to claim 2, wherein the contents of elements
having a lower value AG°contained in said underlayer is 20 at% or above and 60 at% or below.
5. The perpendicular recording medium according to any one of claims 1 through 4, wherein the
element having a higher value AG°contained in said underlayer is any one of Cu, Zn, Nb, Mo, Tc,
Ru, Rh, P4, Ag, Cd, In, Sn, Re, Os, Ir, Pt and Au.
j 6. The perpendicular recording medium according to claim 5, wherein the contents of elements
| having a higher value AG°contained in said underlayer is 10 at% or above and 90 at% or below.
7. The perpendicular recording medium according to claim 5, wherein the contents of elements
having a higher value AG°contained in said underlayer is 40 at% or above and 80 at% or below.
8. The perpendicular recording medium according to any one of claims 1 through 7, wherein the
film thickness of said underlayer is 0.5 nm or above and 25 nm or below.
9. The perpendicular recording medium according to any one of claims 1 through 8 comprising an
intermediate layer between said underlayer and the magnetic layer wherein,
said intermediate layer has a face centered cubic structure (fcc) or a hexagonal close-packed
structure (hep).
10. The perpendicular recording medium according to claim 9, wherein the film thickness of said
intermediate layer is 0.5 nm or above and 10 nm or below.
11. The perpendicular recording medium according to any one of claims 1 through 10 ,wherein said

magnetic Jayer comprises an alloy principally composed of Co and Cr.
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composed of Co is composed of a CoX alloy, said X being any one of B, Al, Si, Tj, Zr, Hf, Ta, Mn,
Mg, Ca, Be and Ce.
14. A method of producing the perpendicular recording media comprising

a step of forming the underlayer on the nonmagnetic base substrate, and

a step of forming the magnetic layer for recording magnetic information on said underlayer,
wherein

an oxide or a nitride of at least one kind of element or more elements among the elements
composing the underlayer is or are formed in the underlayer in said step of forming the underlayer.
15. The method of producing perpendicular recording media according to claim 14 wherein,

said underlayer comprises an alloy principally composed of two kinds of elements, and

said both elements comprise two elements of which the difference of standard free energy AG®
for forming an oxide or a nitride in room temperature is 70 kJ/mol [O, or N;] or above.
16 The method of producing perpendicular recording media according to claim 14 or 15 ,wherein
a film forming gas containing oxygen or nitrogen is used in the step of depositing said underlayer,
the partial pressure of oxygen or nitrogen in said film forming gas being 10°® Torr or above and 6 x
10" Torr or below.
17. The method of producing perpendicular recording media according to any one of claim 14
through 16 ,wherein a f{ilm forming gas containing oxygen or nitrogen is used in the step of

) depositing said magnetic layer, the partial pressure of oxygen or nitrogen in said film forming gas

being 10" Torr or above and 6 x 107 Torr or below.
18. The method of producing perpendicular recording media according to any one of claim 14
through 17 comprising a step of exposing the surface of said underlayer to the atmosphere
containing oxygen or nitrogen after the deposition of said underlayer.
19. The method of producing perpendicular recording media according to claim 15 or 16 ,wherein
an alloy of which the element with and having a lower value AG®is any one of B, Al, Si, Ti, Zr, Hf,
Ta, Mn, Mg, Ca, Be and Ce is used as an alloy composing said underlayer.
20. The method of producing perpendicular recording media according to claim 17 wherein the
contents of the element having a lower value AGPand contained in said alloy is 10 at% or above and
90 at% or below.
21.  The method of producing perpendicular recording media according to claim 17, wherein the
contents of the element having a lower value AGCand contained in said alloy is 20 at% or above and

60 at% or below.
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23.  The method of producing perpendicular recording media according to claim 19, wherein the
contents of the element having a higher value AG®°and contained in said alloy is 10 at% or above and
90 at% or below.

24. The method of producing perpendicular recording media according to claim 19, wherein the
contents of the element having a higher value AG°and contained in said alloy is 40 at% or above and
80 at% or below.

25. A magnetic recording apparatus comprising a perpendicular recording medium according to
any one of claims 1 through 13, a driving part for driving said perpendicular recording medium, and
a magnetic head for recording and reproducing magnetic information, wherein said magnetic head

records and reproduces magnetic information on and from said perpendicular recording medium in

motion.
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