; QRSTUVWKe3ef 8f $\ R6T89 f TI TLE OF TAE 1 NVENTI ON: - PERPENDI CULAR MAGNETI C
"RECORDI NG MEDI UM * Q00002* BACKGROUND CF THE | NVENTI ON: The present

invention relates to a perpendi cul ar magneti'c recording medi and nore
warticularly, to a perpendicul ar nmagnetic recordi ng nmedi um c%wwmﬂm”ﬂ”m

show ng excel | ent magnetic properties, Ja high recording reso

i nproved surface properties. In recent years, in nmagnetic recor dtisgso+

apparatu it increasingly demanded to provide magnetic
recor di nsl% OFh Ebe'\[ BN ecording density property and m,’ ,"”m H
reliability | al, wi iydata. Espeq lm ,MM
hard di sk dri \r}gg{ Dé[trcgJL g‘shéégﬁlﬂgér%%%ﬁ%%?ﬁe%%cy of a mnraturiz n
and a high reliability in accordance with information devices bei ng?

m niaturi zed and systens used therefor being required to have a high

reliabil igaqardrouNIe®F ToESait/slyTenNch properties, the magnetic recording
nmedi a have been strongly required to have not only a high coercive force,

but al so a reduredrdsehaneavengst 6180881 1§) a edMea ReuTRANelddghetacor di ng
| ayer and a magnetic head. As magnetic recordi ng nedia having a high

coer ci ve ferax@]iricheredliame andehyr&npant haghet 1y, s darxparetiicaleanpri si ng
a substrate and a magnetic thin filmfornmed on the substrate, in case of

t he hard micsletdd wesorfhagmgdétinccabanl &i ¢ fiissladwioaglyexpredcitendal |y used in

2 magnetic recording nedia, are generally classified into nmagnetic oxide
thin fil Magwmipesaropfenvagientt Blgh raeotrdkes (rauehiticyl HRshomprsived

El ectroni c Tel ecommuni cation Institute”, published by El ectronic

Tel ecommit @GO PIWSEtiffe, (1981) MRB1-20, pp. 5 to 12; "Ceranics",

publ i shed by Japan Institute of Ceramcs 1986), Vol . 24, No. 1, pp. 21 to
24; and Japane<e JS§Mt YBAHFY cAPi BAILREKOA S N "% BRRFEGHERS) did
563925(1993 and magnetic _al.l thin fil conposed aof  Co-Cr based all oy
or the I s ol SeRerre errattiK AeTer el cofpoRe i e IR e or the

li ke are gx66ld; [ QX Lan_resi st o) ' ' eto
i nherent pr opéirlt%{gegderc?fl%o?%gggg ,%\sﬁgblﬁegg (tgr&%%% %ﬁe@?cﬁ%%@%ﬁ?% | ms
can showgyexeslleant istakinl biekndepgadent;i 0 4 NeaRAS @i Oftyt iR .and a

| ess change in nmagnetic properties with the passage of tine. Further, since
t he oxi desspexdiidiilty,a ib glaed Hasdnassvas, conpne ethd odmi al Fentdrdkargnetic
oxide thin filnms do not require a protective |ayer to be formed thereon.
Even if ttenderobecti we riajetuirszébiordand &heigmgnetiabiXitde it | ns, the

thi ckness of the protective |layer can be reduced as conpared to that

requi r ed FasrondEgvEt Ve tal 1oy o onAdevices ubeing Helnainatizedyrde t hin
films can exhibit a smaller magnetic spacing than that of the magnetic

al | oy t hiSYS59 s UShtk&rded oLt RETREgREET X8R bR #HVH F it A are nost

sui tabl e far. pr.adycti on of ultra-high density magnetic recording nmedia. The
magnet i ¢ &t Jd%lt%ﬁ'l films conposed of Co-Cr based alloy or the like, have a

coercive forceas, 4 gh s 104 okgS s, thaRr IRar KLY (20D fRdrs Hovever, these

alloy material’s
recording media have been strongly required to have not only a

high coercive force, but also a reduced distance (magnetic
spacing) between a magnetic recording layer and a magnetic
head.

As magnetic recording media having a high coercive force,
there are widely known magnetic recording media comprising a
substrate and a magnetic thin film formed on the substrate, in
case of the hard disk drives.

The magnetic thin films already practically used in



3 thenselves tend to be readily oxidized and, therefore, deteriorated in
stability independent of the passage of tine as well as magnetic properties
with the passage of tine. In order to prevent the deterioration of magnetic
properties due to the oxidation, the surface of the nmagnetic alloy thin
filmis coated with a protective |ayer onposed of carbon, Si02 or the

| i ke, which has a thickness of usually about 5 to 10 nm resulting in
undesi red_increase of netic.spacing b di st.ance..cofr.esponding to the
t hi cknesS"HFTHE F 6P %ggemﬁéi‘/%r 2t ?%%e%? r cﬁlaansds,l i orlélzcro to reduce

t he magnet | ci f netic_r I ' I 0

mnim ze%ﬁ?gj%&% r?g{q ﬁi(e%i 5&?90? E%ﬁﬁagﬁﬁé?%gge%q{ﬁ%}%ée lrﬂo(:';rsngr:(r:!C eaﬁ\(/ivak%s al | ow

the magnetinGhgad 410§ %&%@%%@9&&& NP &OAVSRPNA ¢ RAT & rdicskdidves,

magneti c recordi ng media used therefor have been required to have a certain

surface nQuahness iy endetrbaipr e¥eatohmen I@aeld crriad fdeom @eigng absor bed
thereon owing to a neniscus force therebetween upon stopping the nagnetic
head. Howmer-28s pp.r esibt 10t coeramics nprioviesied oy Rgrhard tdicsite
systens, magnetic recordi ng nmedi a have been no | onger required to have such
a surfacef aughiess,f dopeéveali N4t hko magnepp ¢ dearh fAomarel Tgrabeskcbed
thereon. Also, it is known that the non-snoboth surface of magnetic

recor di ngPatedita Rednises tiredi 4KAKOKE) uos. r 2pr el IRy Dy arke Sragneti ¢ head.
Therefore, in order to reduce such a nedia noise, the magnetic thin film
used in tGPIRGRA3)0 r 0o Bragehdi alicy reyin rgding draresedrerde Cox€al | ent
surface 4 snoothness. I n addition) with the decrease of the flying height
of the mEFRAS AHEY Fditbtardbehet ween the nedia and the nagnetic head),
the thickness gof the protective |ayer_fornmed thereon tends ta be reduced.
For this r easc;ﬁ"fe iqa%§lﬁe8?fl%llﬁrf:ﬁg? ﬁ%ﬁ’ﬁ%d‘é‘&f“?%‘?gﬁé SHi%€ Pécor di ng
aver in idself exhibids. an axcell entadurabilily.. M.d he otdigrand. there
are conven |onaqy Known tTWwo SyStens™ of mnagnetic recording et hods, i.e.,
perpenct GHLATs 6401 40 3y Sham-8Rd A-b000t 1l falokeenrdiag aystemcThe
per pendi cul ar magnetic recording nedia are considered to be promsing as
future highemdensiily &aeer dhig FEdha. chHeCanse A Deid1d dressdanihuenced by
thermal fluctuation that will be caused upon achieving the ultra-high
recor di ngirdisdridertf @f exanphesagdi ket ifd pcdidnd Csess Sptrepean 25, 2000,
No. 779, etc.). That is, the perpendicular recording systemis suitable for
real i zi ngnadreetuld nerdpiegit ieecwitdhnghdensssgge sonceinde Fufrithemcesofice
demagneti zing field on residual nmagnetization of the nedia is |essened as a
recor di ng-havest e [efH&LEf r hpghereBasRerseras GriRHIS DI INetadifer e have
been propgsed magnetic recording _nedia_of a pe%?endi cul ar recardi ng system

conpri si fg*% RHIGT 5 S&d e FpeRdF & i r et TSI BRI 1S5V Sand a

ft- ti | i backi ng. h i Fe_ b d
Cinder | ay eh e Sl 1H8 CEPTRET SPPERORo HErEl 5 i SHOraG e JPRSEr S5 1 or med
under neaté‘l#lﬂaeq &I ReNdiy #n%rtigagﬁ%iécfigrgg{ d{ g éﬁi’cq{neég'?%e}%%rt ai .

sof t-magnetic 1ayer ‘as an auxilrary mag c pole1s prov

possi bl e g.0,mate QR Vi KRhanes bhe Lacerdi 89 sBaRstis fo elhdraduseddy the

5 singl e-pol e magneti ¢ head as a nmain magnetic pole, but also reduce a
demagnet i ZomManddradtd Ofa1ilbe FAgRASt i CAs ec rghiulg | ayRy nalbhet iceesndeng
(Japanese Patent Application Laid-Open (KOKAI) No. 54-51804(1979), etc.).
As t he pethiendf Cimsarcareestdiong ayshailet heagndiale dyssnimy diesedhbt: @fnet hod
of using a perpendicul ar nmagnetic |ayer provided with no soft-magnetic

| ayer andclze mawndtsiad;al2pya thenhddlns . usthey ef quar, paindi owloaetiagpatiide | ayer
provided with the soft-magnetic |ayer (perpendicul ar doubl e-l ayered nedi a)
and a ri nghtealt lrehchr® mpsireshédabl eusPhghrodes piedrli ¢l wrtraagreli ¢ | ayer
provided with the soft-magnetic |ayer and a single-pole magnetic head. An
opt i mum RO dragneil iz itegorRend] Pedifi gh recording density is the above
nmet hod 3) (for_exanple, "N kkei E|ectronics", July_ 1, 1996, No. 665, etc.).
The techni quesTRiSiIMRERE Pér IJrHVcGF‘éP ﬁﬁgﬂ%t?@“?%%%‘?o‘?%gc‘?_a%%rbacg&gposed of
spinel ir oxi de such .as hem te are.described in Japanese Patent

Aopl | cat | ThTh G G JREATE RO, CO8FS1H9 35 0 10003E AP F5 167 3(700)
etc. In order tain xcell e r pendi.cul ar rﬁﬁnti I rding

| ayer, i tt}la“—’lsrl r%%guﬂ%\eﬁn t(oﬂ@(g)ﬁ)t r%gl) 'an%?‘gése\"%]e’ gdr}}elegn eﬁll 0 gqat%r&%g%eti c
recording layer so as to preferentially orient a (400) plane of the spinel
iron oxide layer in parallel with the surface of substrate by using a
single-crystal substrate conposed of MO or NaCl, or providing an

under| ayer conposed of NNO, MO, C or the like, which has a thickness of
20 to 200 nm Also, in Japanese Patent Application Laid-Open (KOKAI) Nos.
6- 168822(1994) and 11-339261(1999), it is described that a (400) plane of a

LT " -

a



6 wth the surface of a substrate, and a spacing of (400) plane of the
maghem te thin filmis controlled to not nore than 0.2082 nmto induce a

| arge magnetic ani sotropy. Mre specifically, since a (200) plane of an N O
filmused as an underlayer is oriented in parallel with the substrate and
the spacing of the NiO filmis 0.2089 rBmwhich is |larger than the inherent
spaci ng of (400) plane of maghemte (0.2086 nm, a tensile stress is

duced in the in-plane difection. of the.. ite thin fil that th
Cpaci ng. OPHO0) B KRESOFOt HE. HRGReR (B LH A P H T OPIEP IR The N 0 i1 m is

duced t t. t h . 2082 h i kit I .
educed {8 UANS0. 2002 I AL X ild A AAGR cie
recordi ng 3 |agcgn%§h@g%g B%%%r | ngtvlrlctﬂw %%ise!%go%% ween a substrate

and a perpendicular gnetrcre ayer co nagnefic oxi des
such as magheni &,dehers BrEVERPWHL NGet LIV AUS M GRIRIHERIH Ng the

orientation of a spinel iron oxide magnetic recording |ayer by form ng an

i nt er redigidpdravels aeepPeseehef ocRoda Peanet tte MirlacidT aheAhabelowaen the
soft-magnetic | ayer and the magnetic recording | ayer (Japanese Patent

Appl i cat il dhaittri@p &l 1KOKAEpatNed wheH 5 828{184)e Tdhemagngiosed @cor di ng
medi um having a magnetic | ayer conposed of iron oxide which is fornmed on

t he substaaatterdi rsdoL| yrothe ht Dgh whivlghaeeraredtiidknes smagnesualifin film
(Japanese Patent Application Laid-Open (KOKAI) No. 60-95721(1985)); or the
t echni queadart frord No am, t BessdE indgragmeinded BT , ircrsRigielofl Memexiide
soft-magnetic thin filmhaving the sane crystal structure as that of
maghem t espaanichd iyt e Basnange atonneepdradorg ftoy tdentuldldkinegst ko€ ciyest al

7 orientation between the substrate and the soft-nagnetic |ayer (Japanese
Pat ent Appidtcattiioe LaiveérOpen (KOKAI) No. 644550(1994), etc.). Further,
there are known techni ques_ for producing excellent perpendicul ar nmagnetic
recordi ng mediC® BfecOrtesl RRRE: t He PEEfo B Zeduas dilig MeeGRdticzati on (M ~~)
obt ai ned when magneti zed i.n the ig: | ane_direction to a residual

magnet i zatq%6m ) "GEPEFAE T RARFOHRY TREFL2d 1 the §RIFENISCul ar
direction,. t.0.a specific.value, papese_ Pat ent | i cation_Lai d-Open
(KOKA) REETEge 578, &Y 4BY) ?’egé%%%@g? 1%%%3‘%%%%7%%%&5&5) m, 2
59-157833(1}284) 1a1§%%5%§%8§%§§é2i8“ﬂ%§é’-r?é?@el(f@?@ Al Apppresent, it
has been strongly require 0 provide a perpendicul ar magnetic recording
medi um CMVeH NG R 1MAGRaTHE 8kt B Dyvds | MAGhe O Yr dtadith AN Ge Rt
recordi ng resolution, a high coercive force and a hi gh squareness but al so
an excel |eMrefvr ae&es meehhhegsi nbd cto i Bavd SO apahire frfddd M zi ng an

i n-pl ane magnetic conponent in order to reduce noises due to the nmagnetic
recor di ngrovedingss tiselfrdeHonevergvehe tcheveadnera hpsrddndircddeangmagnet i c
recordi ng nmedia have failed to satisfy these properties. That is, in the
met hod deRaduhed itherygpanewén@atend PEplsEad i K i dhagaie t(MeeRAUPORD.
59-157828(1984), the orientation of the spinel iron oxide nagnetic

recor di ng 1ORRINY $heoAerBrFed B§afor HMESe a5t & rédHdte Of aff8¥F *€BRposed of

- t i t al h Al b th ft- ti.c | dth
Tagnet o TRUSTETIGY A5of "CRBABRER, CAT o THa L LT Lt "G CS00F pl ane of

AL s nanioyer dhandhal af1(400) plane of 106, spinelal onpride 1t my be
di fficul 501 nduce & arge perpendi cul'ar nagneti ¢ ani sotropy due to

I nverse MRONALASLY IeCl] %%e%kg%g e Qggﬁéefb g e L e Hitly MBlicatied ayer
has a thickness as large as from 10 nmio 5 Vim a magnetic spaci ng between
the magneti&a-digad andot her sof timanetitat atRy RPORMRES duRdabeceres | arge,
thereby inhibiting a good nagnetic interaction between the nagnetic head as
a mai n maghetdtd PR cdddnthee8oht caagaet medacksd ge @yt raHradualdxid i ary
magneti c pole. Also, in Japanese Patent Application Laid-Open (KOKAI) No.
60- 95721(1498%9)e mdgries idenenbedTiidwd fardhi gin perdealid iredutcki suthl e havi ng a
thickness of 0.2 to 2.0 dun and a magnetic recording | ayer are successively
f or med omexlisubstisat e thdowegeefichtBiKOKAIM | gsed | IntthEbowonsdritr ol | i ng t he
crystal orientation by formng a non-magnetic |layer, etc., between the

hi gh- per meegsitding mediaf ilenreauirad hagheve ca reeir dfrpllapdr sorfiseeneen t he
hi gh-perneability thin filmand the substrate, and describes neither

crystal orientation nor surface properties of the magnetic recording |ayer.
Further, in the case where the spinel iron oxide soft magnetic |ayer
described in Japanese Patent Application Lai dOpen (KOKAI) No. 6-44550(1994)
is provided, since the softmagnetic ferrite |layer having a spinel structure
exhibits a large lattice constant as conpared to that of spinet iron oxide
used for the magnetic recording layer, a tensile stress is exerted on the
magnetic recording layer, so that it is possible to induce a |arge

- S . o - e -



Further, in Japanese Patent Application Laid-COpen (KOKAI) Nos.
59-157828(1984), 59-157829(1984), 59-157830(1984), 59157833(1984) and
59-157838(1984), etc., there is described the ratio of a residual

-magneti zati on (M ~~) obtai ned when magnetized in the in-plane direction to
a residual magnetization (M1) obtained when nagnetized in the

per pendi cul ar direction. However, since the ratio is not nore than 2, i.e.,

t he in-plane netic_conponent is . larqge, it may be difficult.to

STt Ci Ay PERage. +Ho TR0 it UL Rea i EsRe P SABaptLE Bat ent

Appl i cat i,.an i d- n ( KCKA . 60;95721(1985 relating to_the

per pendi (gfll b%ngggggﬁc&?%%% %Icl: %e%%?df%%ﬁ%#r%eog%%gwﬁensgc’}hr?e?“elq;gn a8>((:1i de,
there ar esGrl t ti f i i zat (M.==). obtai ned
whon maoti Je9 s tenaerirh S8 B OB G L B T s e R at T on (M 1)
obt ai ned d”?%%?:%bﬁegeh@stbg erpeatiayl ak di keghl oBasaRd thenpatio of a
coercive force ~~) obtal ned en nmagnetized in the in-plane direction to
a coer ci W dorge thECl hephhabdeehybemdagnatdzied ddrdha rRenrgad gyl ar
direction. Although the increase of in-plane 10 magnetic conponent is

i nhi bi tedtddie elhabhed aereeodl Tathardumgsietie, .r ecor di ng nmedi um has a
coercive force as low as 151 KA/m (1,900 Ce), thereby failing to provide a
ul tra-hi gh demsi theperhendhand ar thewerata g aredirniiaas Irlgg Ginoed. tkeder t he
circunstances, as a result of the present inventors' earnest studies for
sol vi ng tystabsvefpmebhetss recheditpeneflmdsl tiha. by peoresdiicellyrf or mi ng
either a softmagnetic |ayer, an Nad -Eéﬁf oxi de |layer for orientation
control &sg¢oadrngneyrtent ARA ¢ 1 eRobruginaNa@eqqnssnskisys tesyer Ther
orientation control and a magnetite thin film on a substrate by _a

sputt er i RETRSTRGFULERITEABAT T aRRF AT MY R retfrfeti A dehe<t itPmPent o a

henite thi.n.fil he._obt ai ned di cul mgnet | di di
el uh n@CHE HHEgham CHCERRAFRRAT LA SHow TP aIF el RSt e Cor i n
resoluti i gl Eﬁ%gﬁb}{&é% gtﬁ&qn hfﬂl‘c% Ao T Ry 2kg0 an

excel | ent” surf ace sioot hness, and TS ‘al'so cap mni mzing an in-plane

Tegnet i ¢ LOmRRNgRn BoALEStnG OhEdte 0l ARS MR IN QIRARS! [ @grecor di ng

mediumitsel f. The present 1nvention has been attained based on the above
finding. SUMARY ORikkEil BYEMNTTEN Anr obi@stentiert s proament Nolvenbi,on is to
provi de a perpendi cul ar magnetic recordi ng nmedi um conprising a maghemte
thin fil mgzat) .onfgahavs ngtlesn megedridEntulat frecersiinot bresemwhisl e mai nt ai ni ng
a high coercive force and a hi gh squareness, but al so showi ng an excell ent
recor di nguidsdilgt iforr bgalorimagtie sof tramueh ixeday@ing Hensinder seack. 11
To acconplish the aim in an first aspect of the present invention, there
i s provi d&¢ dnfdisere efl ar dnagweet E2 1R of i 4y e ditiidU@npri sing: a
substrate; a saoft-magnetic Ia%%%?forned on the substrate; .an NaC -type

c

oxi de | ay@Stg 2GRt ]Ei Ghe B 17 ot e BHCHEGRE i ¢ | ayer,

havi ng a_t hi ckne frommre than 0 to |ess than 10 nm and a nagnetic
recordindEWé §Pg%%r%%&rggofh eﬁ%?ﬁft?&ﬁ?%&ﬁde | ayer for orientation

control, conprd3i/29+3 FRINEM L £t fave been proposed magnetic

recording media of a perpendicular recording system comprising
a Co-Cr based perpendicular magnetic recording layer and a
soft-magnetic (low-coercive force) backing layer such as a Ni-
Fe based underlayer (hereinafter referred to merely as “soft-
magnetic layer") formed underneath the perpendicular magnetic
recording layer. When such a soft-magnetic layer as an
auxiliary magnetic pole is provided, it is possible to not

only enhance the recording magnetic field produced by the



film In a second aspect of the present invention, there is provided a

per pendi cul ar magnetic recording nmedium conprising: a substrate; a
soft-magnetic |ayer forned on the substrate; an NaC -type oxide |ayer for
-orientation control formed on the soft-nagnetic |ayer, having a thickness
of fromnore than O to | ess than 10 nmSand a spaci ng of (200) plane |arger
than an i nherent spacing (0.2086 nm of (400) plane of maghemte

consti tutj,ng-the ghetic, recording. | ayer. et.i c recordi_ng | ayer
Formed. off PHENEET S ekt Sty o 1D Rbin AR e o B i ny o
maghem t & iR Li Lo, He@iH‘A%dfféPc?Céf g:fhé *}%Eggffeet%%mre'c%‘fﬁ%goﬂay%?ere IS
provi ded "a perpendi cufar magnetic recording I'um conpri si ng: 2 a
substrat e; - ti formed rat:e, [ roduct
(BS0) of o ekt tra e e L e P g TR R o O
sof t - magnet.i ¢4layghs@iodol3 ¢ 138, 57 x 10-6 W/ m (80 to 1,100 Gum; an

NaCl -type oxide |layer for orientation control forned on the soft-magnetic

| ayer, havingaa thecksesendfclirmrere-dihan &4t eshdrikanale peeand a
spaci ng of (200) plane larger than an inherent spacing (0.2086 nm of (400)
pl ane of pregberdt &) cansethod i ofy wdingreg neddendicaridimgaoageir dagea
magnetic recording |layer formed on the Nad -type oxide |ayer for

ori ent at pawvddetr wi thcoops o £t rpenatsighemveayr tand & idimg kwead;f dur &h aspect
of the present invention, there is provided a perpendicul ar nmagnetic

r ecor di ngierigdurt venpgi 8i PErrendidsianteagne kst tLaymgh eroy 1hgedewitbr med on
the substrate, having a product (BSt) of, a saturation_magnetic flux density
(BS) and thet FréknBagneticotaydie SAARSREGTBHIAT 19 sorlaversdt gedaad7 x 10-6
v/ m (80 1 L 109, Gitka, 20,800 £ iReueid 4 Sl o2t athgn control

magnetic layer provided with the soft-magnetic layer and a
single-pole magnetic head. An optimum method for realizing
the ultra-high recording density is the above method 3) (for
example, "“Nikkei Electronics”, July 1, 1996, No. 665, etc.).

The techniques using a perpendicular magnetic recording
layer composed of spinel iron oxide such as maghemite are
described in Japanese Patent Application Laid-Open (KOKAI) Nos.
11-110731(1999) and 11-110732(1999), etc. In order to obtain
an excellent perpendicular magnetic recording layer, it is
required to control a crystal orientation of a magnetic
recording layer so as to preferentially orient a (400) plane
of the spinel iron oxide layer in parallel with the surface of
substrate by using a single-crystal substrate composed of MgO
or NaCl, or providing an underlayer composed of NiO, MgO, Cr
or the like, which has a thickness of 20 to 200 nm.

Also, in Japanese Patent Application Laid-Open (KOKAI)
Nos. 6-168822(1994) and 11-339261(1999), it is described that

a (400) plane of a maghemite thin film is oriented in parallel



on the soft-magnetic |layer, having a thickness of fromnore than O to |ess
than 10 nm and a spacing of (200) plane |arger than an inherent spacing
(0.2086 nnm) of (400) plane of maghem te constituting the magnetic recordi ng
41 ayer; and 13 a magnetic recording |ayer fornmed on the NaC -type oxide

| ayer for orientation control, conprisitng a maghemite thin f i Im and said
per pendi cul ar magnetic recordi ng nmedi um having a coercive force in

per pendi qul.ar g getl:ancolengl L ess, Lhan 159 kALD(2, 00G Galyy a squar eness

(M / VB) not 1 ess t ar fed wi t fiout conpensation 0 é;ﬁeti zi ng
field whes %”?n%'g%%%'t@ ﬁgghrl\fﬁﬁéo?s pfﬁf@_?iﬁﬁi?tro trfbts‘l’r{or%cethl%fn the

magneti c recordi ng layer; t1ro of a residua

ragnet | 2a} i W <), abhakacd Yee TRgRSLLFechi b i gl aneygigect ion to o

resi dual nmagnetization (M-~-) obtaine en nagneti zed i n perpendi cul ar

di recti onypefi MEL1TY estiRal Q- P208N0p Bdhdtof add Quildtiam Kebly @ ancoercive
force (H~~~) obtai ned when magnetized in in-plane direction to a coercive

force (HuhaeHitgienred sWoeheABEACE h 2884 1N FEIPEIH I HE aulitredld end @henot
nore than 0.5. In a fifth aspect of the present invention, there is

provi ded spgedmpendi chkeaNioafheni ©sreco & ngn nedi alim i dgrgesi nfpana the
substrate; an NaC -type oxide |layer for orientation control formed on the
subst r at einHeaeg spachhgknés$4060) fpbameor® ndorenditer (P 8tham)1i0anm and a
magnetic recording |ayer formed on the Nadl -type oxide |ayer for

ori ent at it6Msad®t sEressoipr PEpAyced nbighere t Entane direction of the

maghemite thin film, so that the spacing of (400) plane of the
maghemite thin film formed on the NiO film is reduced to not
more than 0.2082 nm, thereby exhibiting a large
magnetostrictive anisotropy perpendicular to the film.

As to the magnetic recording media including a soft-
magnetic layer formed between a substrate and a perpendicular
magnetic recording layer composed of magnetic oxides such as
maghemite, there are known the technique for controlling the
orientation of a spinel iron oxide magnetic recording layer by
forming an intermediate layer composed of non-magnetic metal
such as Al between the soft-magnetic layer and the magnetic
recording layer (Japanese Patent Application Laid-Open (KOKAT)
No. 59-157828(1984)); the magnetic recording medium having a
magnetic layer composed of iron oxide which is formed on the
substrate directly or through a high-permeability magnetic
thin film (Japanese Patent Application Laid-Open (KOKAI) No.
60-95721(1985)); or the technique for forming as the soft
magnetic layer, a spinel iron oxide soft-magnetic thin film
having the same crystal structure as that of maghemite, and

further forming an underlayer for controlling the crystal



i 1m 14 sai d perpendicul ar magnetic recordi ng medi um having a coercive
force in perpendicular direction of not |Iess than 159 kA/m (2,000 Ce); a
squareness (M /M) of not less than 0.7 obtai ned without conpensation of
-demagneti zing field when magneti zed in a direction perpendicular to surface
of the magnetic recording layer; an M 7ratio (Mi~/ M) of a residual
magneti zation (M ~~) obtained when nmagnetized in in-plane direction to a

"esi dual rponetitat) 00, (M) . opt ayned yben, pmonet 2o n pecpendicytar

direction, © ot nofr ratio

force (HG i e i in.in-nla i-hegtion to a coercive
force (Fﬁg¥%§%?%%nggqﬁﬁgnﬂﬁgggg§%%éﬁd%%ﬂ%erGggdpgh ép %%fe?tion, of not
nore thamy &5 (10843 skxbhyaspect of the present invention, there is

provi ded a perpendi cul ar magnetic recordi ng nmedium conprising: a

substrate; a sQiithERgnehkbeel a¥6r khOEe i SURS | uclayi ng a product
(BSt) of a saturation nmagnetic flux density (BS) and a thickness (t) of the

sof t - magnaided lleatebe@behdidul Or IRadre Xid OrdeokdiNd &xdi@ kyl00 G-un); an
NaCl -type oxide layer for orientation control forned

controlling the ratio of a residual magnetization (M,//)
obtained when magnetized in the in-plane direction to a
residual magnetization (M,l) obtained when magnetized in the

perpendicular direction, to a specific value (Japanese Patent
Application Laid-Open (KOKAI) Nos. 59-157828(1984), 59-
157829(1984), 59-157830(1984), 59-157833(1984), 59-
157838(1984) and 60-95721(1985), etc.).

At present, it has been strongly required to provide a
perpendicular magnetic recording medium comprising a maghemite
thin film not only having an excellent recording resolution, a
high coercive force and a high squareness but also an
excellent surface smoothness which is also capable of
minimizing an in-plane magnetic component in order to reduce
noises due to the magnetic recording medium itself. However,
the conventional perpendicular magnetic recording media have
failed to satisfy these properties.

That is, in the method described in Japanese Patent
Application Laid-Open (KOKAI) No. 59-157828(1984), the
orientation of the spinel iron oxide magnetic recording layer
is controlled by forming the intermediate layer composed of
non-magnetic metal such as Al between the soft-magnetic layer

and the magnetic recording layer. However, since the spacing



on the soft-magnetic |ayer, having a thickness of fromnore than O to | ess
than 10 nm and a spacing of (200) plane |arger than an inherent spacing
(0.2086 nm) of (400) plane of 15 maghemte constituting the magnetic
recording layer; and a magnetic recording |ayer forned on the NadC -type
oxi de | ayer for orientation control, codprising a maghemite thin film and
having a center-line nean roughness (Ra) of 0.1 to 1.5 nmand a nmaxi num

med um hatt 9@%&@%%@?%32%3%%5 PR of o 1t PR o IR 1%0se t han

159 kA/n1é 000 squareness ﬂpﬁ/?@p E notléeég IQ;n 0 7 obtalned

wi t hout conpe on o eﬁagne%|2|ﬁ§ e?g when nagner?ze 3¢ ecti on
di f M' t

(e ol e %@%&%ﬁﬁﬂ%&%éﬁitaﬁ?%?%hﬁ{vﬁﬁ?{ R Wn";‘ﬂ mgrn";‘t: 2ed in

|- pl ane QEeEliNn 1410 exidurl mRgnatdzaldon dMCH) ot alRedrsbelce

magneti zed 1 n perpendicul ar direction, of not’ nore . 5;

rati o (HCajedtdas of thicQIeiYgsf Qagge(’ag~f}oﬁbi@lzﬁ}@clccy\lr@mxﬁra®etI zed in
in-plane direction to a coercive force (HClL) obtained when magneti zed in

per pendi ctddiethd egddddmg Pethebnmohe thBgne0id. hédd aars®viend hsapect of the
present invention, there is provided a perpendicul ar magnetic recording
nedi um magnetic layer upon recording becomes large, thereby

inhibiting a good magnetic interaction between the magnetic

head as a main magnetic pole and the soft-magnetic backing

layer as an auxiliary magnetic pole.

Also, in Japanese Patent Application Laid-Open (KOKAI) No.
60-95721(1985), it is described that a high-permeability thin
film having a thickness of 0.2 to 2.0 um and a magnetic
recording layer are successively formed on a substrate.
However, this KOKAI is silent about controlling the crystal
orientation by forming a non-magnetic layer, etc., between the
high-permeability thin film and the magnetic recording layer
or between the high-permeability thin film and the substrate,
and describes neither crystal orientation nor surface
properties of the magnetic recording layer.

Further, in the case where the spinel iron oxide soft-
magnetic layer described in Japanese Patent Application Laid-
Open (KOKAI) No. 6-44550(1994) is provided, since the soft-
magnetic ferrite layer having a spinel structure exhibits a
large lattice constant as compared to that of spinel iron
oxide used for the magnetic recording layer, a tensile stress

is exerted on the magnetic recording layer, so that it is

possible to induce a large perpendicular magnetic anisotropy



conprising: a substrate; a soft-nmagnetic |ayer forned on the substrate)

havi ng a product (BSt) of a saturation nagnetic flux density (BS) and a

t hi ckness (t) of the soft-magnetic layer of 1.13 to 13.57 X 16 10-6 W/ m
{80 to 1, 100 G-zn) ; an Nad -type oxide |ayer for orientation control
formed on the soft-magnetic |ayer, havifng a thickness of fromnore than O
to less than 10 nm and a spaci ng of (200) plane |larger than an inherent
spaci ng (0.2086 n of (400) plane of maghenite nstituting the netic

T Boor 0y ng iyt LTk S HRGHEEDECr LEOTUP et Fayr FOPREon {Pne REE thype
oxide laygr_faor._orientation.control, conprising a.mghemte thin.filmand
having a B et 958 ke GGG RRECSIERAS Cof DRIet & a8 iR hrteh e s rum

hei ght ( ROBX)@larkdi0. bo Pl (8N 531 4 PELREPO) CL AT IRONGHILG Lacor ding

medi um havi ng & COerci ve Force’in per pendi cular direction of not |ess than
159 kA/'m ; reae b ~0 o) _ ¢ han ; obt ai ned

w t hout c%&nnﬁensatﬁ%)oen a%f %ggﬁagﬁetaiﬁg?%ép?e?d&\}\ﬂe%\ llﬁgég?]e’%l zedlq}g?n a direction
per pendi cidifed S TRC 6L LBeapBaRetE6oreeRssli AQhAYE chalEiMm ratio _
(M~~/ M-~) of a residual nagnetization (M'~i) obtained when nagnetized in
i n-pl ane gherdy ARilAny tesbByalinMaopetbendionl 4 M ddcakddiedahan

magneti zed i n perpendicular direction, of not nore than 0.5; an H- ratio
(HG ~/ HHaviig aarc eerceillentosae féble~shoobhaesed when nmagneti zed in in-plane
direction to a coercive force (H-1) obtai ned when magneti zed in

per pendi cul ar ®intdstri,onin dapaoesaoPatehtnAPpbicamtbran.aldedodr alkKQkdsl)st ance
of 100 to 8,000 kS2 in the case of usi n((:| the soft-magnetic | ayer made of
met al or ¥g$ 0yp9-d57836 (18830, 060-1B282 7 (1 Hdd base® k5 TEIhg 38fe s tmagneti ¢
| ayer made of an oxi de. 17 In an eighth aspect of the present invention,
there is Jpﬂ?ﬂ?d@c?%)pél“ﬁeﬁéi‘éﬁﬁﬁ%ﬁﬁgéi i ceFecor Hhe netlidRACERRY itdishg: a
substrate; an NaC -type oxide layer for orientation control formed on the
subst r at &8t i3y % HawickadsBagner i aat ot e (MHAN OPER NI Whemn 10 nm and an
i nherent spacing of (200) plane Iarg_er than a spacing (0.2086 nm of (400)
pl ane of magRitzes dondhiet dnrpdanhedhngpel PR Fecorwksighuadyer; and a
magnetic recording |layer formed on the NaC -type oxide |ayer for

ori ent at iragregritzediionc dipt | sdlnicp inevhgiiesr madnisitd zeid imantehavi ng a
center-line nean roughness (Ra) of 0.1 to 1.5 nmand a maxi num hei ght
(Rmax) ofpdrgendiTul@r sdrécpebientierver Nagiield aHeegitdiond snedicufibiavi ng a
coercive force in perpendicular direction of not |ess than 159 kA/m (2, 000
Ce); a squmreriessi .(év,/ MBe dah-pbdankemsgbaane Ocdmoimanneds iiddumut 1t may
conpensati on of demagnetizing field when magnetized in a direction

per pendi ceg &t fifol et &oe suff fihéentigvieredueecoheimediayerisem M ratio
(M~~/ M) of a residual nagnetization (M ~~) obtained when  nagnetized in
i n-pl ane di r ectt PS¢ 197r edrddaPaRagRe PR RE T ofPR M @@ Y1 Ibtld it dRfren

Tatto (bl R s B BB Q1 RELRY oy e RTINS | Zed | n
0 Lot D Sl e OB e P Rt |
are described the ratio of a residual magnetization (M,//)
obtained when magnetized in the in-plane direction to a

residual magnetization (M,1) obtained when magnetized in the

perpendicular direction, and the ratio of a coercive force

(H//) obtained when magnetized in the in-plane direction to a

coercive force (H) obtained when magnetized in the

perpendicular direction. Although the increase of in-plane



.18 In a ninth aspect of the present invention, there is provided a

per pendi cul ar magnetic recording medium conprising: a substrate; an

NaCl -type oxide layer for orientation control formed on the substrate,
-having a thickness of fromnore than O to I ess than 10 nm and an i nherent
spaci ng of (200) plane |arger than a siacing (0.2086 nn) of (400) plane of
maghem t e constituting t he nagnetic recording | ayer; and a nagnetic

di f d th d I f tati
ecor el ALeE ! SRS B0 e SRClclodr, SHGae Be g mRtatien
h f 15
e o L tn S e e S ott s 1

per pendi gul/ar (di 56T HAN, OfnoPILY eﬁaslltlh@t £ PAVi1Be( 2 098 Brh; g8 Squar eness
(M /M) of not [ess than 0.7 obtained w thout conpensation of denagnetrzrng

field meeneagpebézgenaﬂc@&lt rx%‘édmr@ermm@@sa&emﬁeef ace of the
magnetic recording Tayer; an M ratio (M~~/ M1) of a residual

magnet i zat i onuhler~}hebt o fgfk tderedTaGREH 2eGulR IoF- Rhanerdkeqaetion to a
resi dual magnetization (M 1) obtained when nagnetized in perpendicul ar

di recti oinvehtbos ' meaenédansudiesantbrarsdlvinat ithe( Hbove Prdplemsa deercive
force (H~~~) obtai ned when magnetized in in-plane direction to a coercive
force (Hkir bbeai hedndhena relgnetuasthd iveler dandiicg &itdiereet sofif-of not
more than 0.5. 19 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 shows an

i sol at edMeepesddcl YT wade f ¥aed obgee vaad deh idvieac dodi @ngnPéFRPPnsi gnal s on
t he perpendicular magneti c recordi ng nediuntobtained i n Exanp 1 g. 2

shows anCRIEEY dPF@récW?%ﬁFE%ﬁ?eﬁhﬂ?ﬁ e derﬁ@nﬁquléypﬁaﬁﬁé@FClPEEBrding
di t d duct
Naver or nESBs BFYBHEARLHA T SU3t i htis I?Fﬁﬁ%mr%tan 5 357 ERabparBefdl cul ar
t F h sh
e et fod UMONA I L SEOLE 20 108 L5 g1 ol v o
Or'e”tath%Bﬁ%EQ%éothﬁﬂdfﬁlﬂ IﬁEé“%'ﬁgﬁﬂéﬂfﬂ@“dﬁﬁnQE1@ﬁooﬁh8|@B@ Ohefl

magheni te t Imi'n the perpendicular ‘magnetic recording FEdi um

accor di ngek-pehiecil 88 enbghdvent i &brdiry meditnd ifcARRisRowhag t he
rel ati onshi p between a coercive force of the perpendi cul ar nagnetic

recor di nghagemtifeachondf hgnt Gat hehgw esentorilv et iexirelarttarebhoelnags (nm
of an NaC -type oxide |layer for orientation control forned.
resolution, a high coercive force and a high sguareness, but
also an excellent surface smoothness, and is also capable of
minimizing an in-plane magnetic component in order to reduce

noises due to the magnetic recording medium itself. The

present invention has been attained based on the above finding.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
perpendicular magnetic recording medium comprising a maghemite
thin film not only having an excellent surface smoothness
while maintaining a high coercive force and a high squareness,
but also showing an excellent recording resolution by forming

a soft-magnetic layer thereunderneath.



_Fig. 6 is a graph showing the relationship between a squareness (M/ M)
obt ai ned wi t hout conpensation of denmagnetizing field of the perpendicul ar
magneti ¢ recordi ng medi um according to the present invention, and a

-t hi ckness (nm) of an NaCl -type oxide |ayer for orientation control forned.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON11 20 The present invention is
described in detail below First, the perpendi cular magnetic recording
medi um of t he,pr i .on . SCLI e T pepdj¢ul etic
ecordi ng moaFumaear LTS T G OF e el JesBESUEEn Ry BEaPENE

sevent h i‘ﬁ@éﬁ&foﬁ’f the o e&ox}'i’&é%ﬂtdag;%@%%&%ﬁ?éraméﬁﬂé{':E@te’ and a

soft-magnetic Tayer, an C™-type oxi yer for orientation control (an
intermediaterEBYE mE @I wkOMIri&iHigistal orientation of a magnetic
recording layer conprising a nmaghemte thin filn) and a magnetic recording
| ayer successhvehysfese@d on the substrate. Al so, the perpendicul ar
magneti c recordi ng nmedium according to the fifth, eighth and ninth aspects
of the preseng sofenia@ieConNd\&as riddsiohattbe antbsapablael -t ype oxi de

| ayer for orientation control (an underlayer for control a crystal
orientati on o&naNa®bneype oeicty diaygpd dper ccdrprasing aonaghiéntdéemedin film
and a magnetic recording | ayer successively forned on the substrate. As the
subst r at enuskd softimagresientldvemntieonng kerttbickpebe afefrghassre
substrates; alloy substrate made of alum numalloy, etc.; plastic

subst r at EB2Rabetof 1 @&, thapn 1Qmen;; @8t bon substrates; or the |ike. Among
these substrates, the, gl ass substrates are preferred._ Further, in, the

per pendi cul ar 2nBFRE T € reRVHMY nediSTmILE85 d PRy thE YRELT FYPR, °%¥igRt h and
ni nth aspects gf the.gresent invqption, in addition to. the abpye-described
substrat 887t hePe REYSArRo P UEEd i asS " RIHSEFS: 8s8BPEIAER bY*Wi sper si ng
soft-nagggiﬁc particles in the substrates, ceram c substrates conposed

mai nly of "soft-nagnetic ferrite 21 particles, or the like. \Wen these
substrates are used for the perpendi cul ar magnetic recordi ng nmedi um
according to thesfididngcdghidt v vthraaepectisvehtti B8, PEasgat jEnvention,
it is possible to conduct perpendicular nagnetic recording by the sane

syst em agrapplie€dat peibenddend irgrit imgreioradingcaediag, medi a accordi ng
to the first to fourth, sixth and seventh aspects of the present invention
using a sbmgkiéspode magneti c head. Next, the soft-magnetic layer is
described. In the perpendicul ar magnetic recordi ng nmedi um of the present

i nvention, the sebsthagmetic |ayer may be formed between the substrate and
the NaCl -type oxide layer for_orientation control. Wen such a

sof t - magnet i c@l 89EF - PaIR} He dl BeATFEHMNe BUBSEr &8SERBEhe Nadl -t ype oxi de
| ayer for orientagtjon control, it bec S passible to not_only enhance the
recordi ng nagﬁ%tﬁ%&$75¥%ep?%&ﬁﬁxﬁf%ﬁf‘3%§'§&H§F§§6698 ﬁﬁﬂhg??c¥?Fﬁ? as a
mai n magnetLg._p _ e izl fieldco e netic
recordinggl%@%rgéfgéggé%g%ggfag. Lnlﬁ%e %%%bé%ﬁ?%&ﬁgg %gg%£ ?cmgggording
”Ed'P”‘OEhEHeopﬁésféés'Bﬂﬁﬁti@ﬁﬁnkﬂﬁi%9&&%&%&@95EC(b@ﬁzrpiénéoiarger
particularly restricted to specific ones sincé the naghemte thin filmas a
magnet i Cthefo&di DEhéAYGE $Sadild - @H0sY Ired i0F i(UD0Ogryshak efi entation by
form ng such a soft-magnetic |layer therein irrespective of crystal

st ruct ur paghémetgstahsof tenisd | e nereafic Hewevreingt heyert eahdl of the
soft-magnetic layer is preferably selected fromthose capabl e of providing
a sof t magnet i & hageetbhavieagowkoed |lenters idaree pnopéet NeSlahdpanoxi@@

easy-nmagneti zation direction oriented in the track direction or radial
di recti ohawgert fernegiantation control, comprising a maghemite thin

film.

In a third aspect of the present invention, there is
provided a perpendicular magnetic recording medium,

comprising:



Exanples of the material of the soft-magnetic |ayer may include Co based
all oys such as Co-Zr-Nb and Co-Zr-Ta; Fe based alloys such as Fe-Si,
Fe-Si-Al, Fe-B, Fe-C and Fe-Ta-N, N based all oys such as Ni-Fe; or the
{ike. The soft-magnetic |ayer may al so be conposed of the soft-magnetic
ferrite such as Mh-Zn ferrite. Further l2there may be used a multil ayer
conposed of either a plurality of soft-magnetic |ayers or a conbination of
t he soft-magneéi cugsatyerteand a non-magnetic |layer nade of C, Si or the like.
In the consideTation of dood recordi ng and reproduci ng properties of the

n the o i ! and rej | e f
Che-sof - magnal i 1 BB T Coa B cer el Bulh Thal D protict (R e

saturation etjc flux _densi S)_and a thickness. (t)., of

o1 ¢ IagnaRTRTTas et €)1 o SP LGRCSPm TS St 10 660 A% % (Bl 6208/ m (80
to 1,100 @un), For exanple, when the saturation magnetic flux density (BS)
of the sotttiMsgmass (Hy&f itheosostvppapetris, Have)of thel i Hitknesy 6f the
soft-magnetic |ayer is preferably in the range of 50 to 600 nm The

coerci ve ¥&Pclbén (BR tofl-Hyrfetim) i ayer is preferably not nore than 796
Alm (10 Ce), nore preferably not _nore than 557 A/m (7 Qe), still nore
preferably notahofac iapes oxiflemlpBete for URBEENERERC CUHA AL ofprmak
magnetic field (anisotropy fi Srl d) reqguired for tglgrllna ne){]iefc saturation
agai nst tfe T & MRSt iCon 2YPF ec FRBATEr RhbEorEresDd thef rom ity
magnet i zati on direction . in _plane, is_.preferably npt s than 796 A/m (10
Ce), nor Zt}bar%fégrta%ﬁyesﬁsotthla s.ﬁ’t naT§53ZSWﬁ%?%OO%eS£(?§)ﬂ%1%? tl-aﬁélg%{eti C

oY et ur o B o R SRR (T 7PRE U Lo BT TR ) DN e by

structures as Tong as t of "the saturation ux density

(BS) and i aknesss i abl hicspbbnaRgneLbeobanss Taldss, vidin the

above-specitied range. O theSe strucfures, the anorphous, nano-crystalline
and granul ar & mdrides AR oREeher 18¢derFabthgs., oh Nt1gk dgfcT-o il tdigrigd nhi bi t
adverse influence of spike noises caused due to formation in magnetic

domai n waldyext fidre afdntergoat conkaper , canpuhdend ay efaghmshi tas t@in
antiferromagnetic |ayer nmade of Mh based alloys, NNO or the like for

control | ifglmagneti c domains, and a ferromagnetic | ayer made of Co-Sm based
al l oys, Sm Fe based alloys or the |ike, may be forned between the

soft-magnetic | ayer_and _the substrate. Next, the NaC -type oxide |ayer for
orientation coht rdlfquEtdedsPeréd of| RRENBY BERPENHF R Bt OradR4 S ecor di ng

medi um of _t he, present inventiqn, the - e oxide |layer for orientation
Cont rol P EIT & REFRHPGH L4 BRPAECER: FePPFHPaVTREh NaCL- type
structur ecorﬁrﬁriifirﬁ:ef erred that the (200) plane of the Nad -type oxide

| ayer for orientation control is preferentially oriented in parallel with
the surface of; thg,suhstds.ate. In particular, the NaCl-type oxide |ayer for
orientation control iIs preferably an NaCl -type oxide thin film 24 having
a spaci ng of (20Dt parediaigeaythaBoznelinBar Rt SPBct Ak Of HARRg Rl ane of
maghem te. Exanples of the NaC -type oxide thin filmmay include AnD thin

film BaQuiduied | {an. GaQe! i Babiuk Bt CHOMbbRO: 1¢ | MuCRuddbay {1 20RO thin
film EuO thin film FeO thin film MO thin film MO thin fil"m NdO thin

(11m VoA TTIT YO0 &) RS ERE ke " (fesk thi% 111, oo
thin fil O_Igli‘gb%ﬁi (rgl?(@léén%fq)@%t j|\}§?;{j Im MO thin filmor the like are
[ e

preferred.” The e “type oxide layer for orientation

control is us I I re.tha 0] r y 1to
9 nm nore pr :a%q{er%abqu gztoog(ltrt]i% a????rﬁr%%r éggéré#%\?g% yc(Sll{ltlfrocp'lseﬁ‘ff%Ilr ~hen no
NaCl - t ype,pxipde g@y&rmgﬁ%t% qRLatl ORAGOALT Q1 thScREOVE ded Brord hgsatdi ckness
of the Nad -type oxide layer fof orientation control is not [ess than 10
nm the nagietd cd aydivkgn avehmmByudbe deherihgrat et om asysiallarger
orientation. U~hen such an NaC -type oxide |ayer for orientation control
conposed tHaramMNaGhdrepe @gadenghi(oh208s am) ho€kness) oflared d£ss than 10 nm
is formed on the softmagnetic |ayer, the magnetic spaci ng between the
magnet i ¢ reegtenaintcte tdrenssafttutiagn ehiec mbgper ibeconesdiag geayes; arnd@sul t, when
form ng nagnetic recordi ng nedia having a high-recording density) a good
magneti c interaction between the nagnetic head as a nmain nagnetic pole and
the soft-magnetic |ayer (backing layer) as an auxiliary magnetic pole
cannot be sufficiently exhibited. Next, the magnetic recording |layer is
descri bed. 25 The maghemte thin filmconstituting the magnetic recording
| ayer is represented by the general fornula: y-Fe2Q3,



.and may contain a small anount (preferably not nore than 20 atomc % of

Fe2+. Further, the maghemte thin filmnmay also contain cobalt in order to
enhance a coercive force thereof. The cobalt content in the maghemte thin
filmis preferably not nore than 20% by wei ght, nore preferably 1 to 10% by
wei ght based on Fe. V~hen the cobalt ceoptent is nore than 20% by wei ght, it
may be difficult to obtain a perpendicul ar magnetic recordi ng nmedi um havi ng

an excellent stability independent_of th assage of tine. Meanwhile, the
magheni te thi i f1A5H §F§8rg6ﬂ9a?“'ﬁ¥e¥ nf%’?fﬁ‘?cflcg'h tﬁ-{; %ﬁ‘tt,mef PEGG r ed,
at | east one elferrent .selte ted frO{éntge (?ro%u]}é). consisting of. B, C. Cr, Cu,
M, Ni, TIO%Hd S WO5ER e&A CBeCOF bF Rar i Ty RS- 1012 | N§ Farious
properti es; L‘gera%(g, at a nolar ratio of the elenent to Fe of preferably not
nore than JO1 4, nmore preferably about 0.005 to 0.04. then the above

di fferent ki ndsof RemeRls.a5e hAGAERDE St &N GnamRahe R Al f1 1M 1t

becomes possi t obtai n“a perpendi cul ar magnetic recording

medi um havidyg &,ifiele G0CLel¥enbiOEGEaANdi Pedi eI SGAT eRRSS thEe 159

t hi ckness of the nagnetic recording |ayer constituted by the naghemite thin
filmis pegierablood de ;8@ BRLUaFBhEsH! afienabl y5nbe D8ssmnarhens t he

thi ckness of the magnetic recording layer is less than 5 nm it may be

di fficul toﬁ%]irrf'é’%ﬁ'\Ji}f:k%tca'cgmﬁeﬂgé{?fgﬂ' Gl @émméﬁ\%%‘i‘gﬂ NG gredi um - 26
having a high coercive force and a high squareness. en the thickness of
the magnefdgndecdiing d ayeeck$oNDperH&aai 8814w td haumgRetdC drecor di ng

| ayer may be deteriorated in surface properties and may suffer fromlarge
medi a noigeshechhe I@cgﬁ%ﬁhg nagerdi Bg hayel: GPngd viuged) byrt he - paghed te
thin filmhas a coercive force value as nmeasured in the perpendi cul ar
direction, of preferably not |ess than 159 KA/m (2,000 Qe), nore preferably
199 to 1, zrﬁt(lf,nsdélrfﬁ i’g),tééée&y%leﬁn@a%n§%ﬁﬁ t HOM S zation

val ue (val ue of magnetizati on when applying a magnetic field of 1,590 KA/m
(20 kCe) dhesetion afo pr efeeridoby R28ghet 53awimB(N,230cbbad@6denhénnB), nore
preferably 30 to 53 Wo/n8 (240 to 420 emu/cnB). \Wen the nagnetic recording
llayer congddratiedbdyid hRrvraberilert 8l feltidh | Somgnetmsred dHad e s;

per pendi cul ar direction, the squareness (M/MS) obtained w thout

conpensatd,on 9 geragret izing hisl G & Riehes bl %fo?@é 853)t BBRadnda MOre

preferably not I'éss than 0°75. The upper Iimt of the squareness (M/M) is

1.0. W (M ' 7 j [
e caused M ThdFRby TR Ag (5 DATARn S S0t Tabl & fbr Ponaia Ao hsagnetic

di [ Th ti or dj I ituted by.th hem t
hi m {11 niad. BOFATTE0(RCP dbTBIoN2s] Wt B o rar BaPtuah  RaBAELT AE on

(M ~~) obtained when magnetized in the in-plane direction to a residual
magnet i zatQorMm4® BBbt%ined when magneti zed in the perpendicul ar direction
of preferably not 27 nmore than 0.5; and a ratio (H~ ratio: H-~~/ H~l) of
a coercive force (HC~) abtained n nmagnetized in the in-plane direction
to a coercive rbr%gcj(qg—hl)asgﬁf:gi ﬁg\é\@ﬁﬁeﬁr%ﬁ%%t Toed 'lnorf’hetr}bé}epéﬁdi cul ar
directio 8Q!¥ - . 5. ratio or the H-
ratio isrbn%%’eﬂﬁéa% . 5, elr}’;ﬁﬁé:gq %gdﬁgsﬁg?%gsr%@a(sf%feﬁbga%%l, thereby failing
to obtai negnstidalle perpendi cul ar magnetic recording medi um Ampng various
paraneters of the surface roughness of the nmagnetic recording |ayer
constituted bystdhedmghrite thin film the center-line mean roughness (Ra)
thereof is preferably 0.1 to 1.5 nm nore preferably 0.1 to 1.0 nm Wen

t he center-|i nen mesrl 1ogghredsse( Rayersfopr eridatatiidn monttoImefiordred
difficultto obtain theai nedeffects of the presentinvention. Al so,the

maxi mum hei gthd Rbot et e, hdaveggeti theckndsagof aferm irsone eéfferralfl yeolt o 15nm
nore preferably 1 tol2 nm Wen thenmaxi mum hei ght( Rmax)is nore than 15 nm
itmay be s itchan tlP ogtiaiand heai nedeffects of the presentinvention. The

per pendi cul ar magneti crecordi ng nmedi um having_a soft-nmagnetic |ayer
conposed of net dlaBretHlq FECRECerdi A§YEE LREMBR QRN NN 1o h £ Kie

el ectrical resistance value of preferably 100 to 10,000tE kS2, re

pr ef er abl 4240 1 LB G2 o CPPLT rec\éWBré?éIBﬁFya TREIFEBITHS2. The
per pendi ngl A magneti c recordi ng nmedi um having a soft-nmagnetic | ayer
conposed of “Bxi des according to the present invention has an electrical
resi stance val ue of preferably 50 to 30,000 Ms2, 28



nore preferably 500 to 20,000 MS2. The perpendi cul ar magnetic recording
medi um having no soft-magnetic |ayer according to the present invention has
an electrical resistance value of preferably 50 to 30,000 Ms2. Wen the

el ectrical resistance value is | ess than the above-specified lower limt,

it is expected that a | arge anount of mhégnetite may still remain in the
maghem te thin filn1 resulting i n poor properties of the obtained

per pendi cul ar car

di Ne ts th f d
Phe’ per pend: Ui REGRr &crié%?ﬂgﬁaéﬁ@%i TR %&dogagny cing
t h
ag\égpd: gg %régigicrfc?f %h ih %regﬁé{ggfg aélsr X éﬂc glgo\%qt% aspec s of t he
present LEYERT) SHdRRS B 8HQ§QI1Q¥S Sy §U eﬁé’cvféé’sf%é‘?l“@
sof t - magneti c 1ayer C? type oxi de 1Ia;fer %or orientation control and a
fﬁ?ge}: fﬁq 1|Bn ;gle mil 2y tg%ﬁﬁ” %E;%?” 8&l: ﬁ&”Sf?{ggf‘%M‘%h%ang”e“ te

e’ per Traghetie recordi ng

medi um aGror ﬂg%l t £sent

i nventi on can %efoér)oélucerc(ii %%Bﬁlrﬂs]tgg% ccesgél\glﬁe% a&‘fscgssan1hfrfgal(gan CJ!ﬁ(ﬁﬁl}rtype oxi de
| ayer for_ori ntatron ontrol and gnetrte N a subs e, and
thon ¢+ Al IS RO RaGHeCrY B L bR T AT " Taghe 06 SHERETRIE For
exanpl e, the perpendr cul ar magnetic recordl ng medi um according to each of
the firstmaandtbipationsi¥.f)andtsénedt whas peayrenizedelprissantarienvent i on can
be produced by any of the follow ng nethods: 29 (a) A nethod of

successi Vgl e dOldA Y 3 %%&aﬂagnﬁagﬁetﬁygrm@n(maﬂ obyBeneyi geehayer for
orientation control and a nagnetrte th Imon a substrate by a

ZE ‘rjrf)ts?h:e?‘?%&g‘%ﬁ%d A ggRaean 1L e%%%&?t*@?o@:?:?ﬁ é‘ﬁosrﬁeglﬂ%%ﬁ“h'é’:"nkgnet e
RSN ENES Lo el &ﬁ B eEodt BheRs T PerCe, TR T ShE et o 2

a magnetite thin filmaon a substrate_by a sputtering rrethod and t hen

cont i nuoU$iSP MaEnatigsd /g ﬂﬁep%a@ﬁe@rr%crmm $9 | 3n GRS GEF=cont ai ni ng
at nosphere in the sane sputtering chanber w thout taking out into

at nospher {(F1ai phtainednshen rmade iggeetin @etrrmeﬁldﬂppﬂrﬁrngéracrrﬁghenﬁe t hin
film (c) a method of successively formng a soft-nmagnetic |ayer, an

NaCl -t ypenaxinterd ayren f0os.ori entati on control and a magnetite thin filmon
a substrate by a sputtering nethod, and then continuously subjecting the
magnetite thin filmto sputtering treatment under an oxygen-rich atnosphere
in the sane sput ttersigghc RERBEF Wgt Roet PYakemy ettt attiisgshérsic air to
transformthe magnetite thin filminto a maghemte thin film (d) a nethod
of succesHIESP &rrﬂeﬁé’ea‘d%SFiLaﬁaﬁﬁ%F?El‘Fa’;?"e‘?o%ﬁ‘ﬂd“%ﬁnef@i'@“'type oxi de | ayer
for orlent ation .control on a substrate by a sputtering nethod, sputtering
an Fe, an ?Eg’résll&? or an iron oxide target in an oxygen-rich atmosphere to
deposit an ultJ HHh’}'rQ” oxide |l ayer, formng a magnetite thin film and
t hen transform ng the nmagnetite thin filminto a maghenite thin filmby the

same nethod as, usfd JnARY 18N€a0br f§9méaeoﬁbav@ slaserihed mrihegds o(a) to

(c); (e) a nethod of first successively forming a softmagnetic |ayer, an

Nadl - typg, ‘%by {8 | @yt )Tk Or LerkaLL ol cnbials & 4, g %%tg QLR Dngi I m on

a substrat sﬁutterr ng net en subjecting t rra@netr te thin
filmto oxr tlontre net asna-activated oxyge

cont ai ni iy g”‘ré?b ggas E ghgf S?ﬁr R n%trf?%ert hrlyngﬂfrql m nt ; mdgheni t e
thin filn and 2&‘) a rret hod of first successively formng a soft magnetic

| ayer and-%n Y& f%)et%x]i 1 z%/érm)f'or orientation control on a substrate

o) acmm at mos it S ACVEECH 5o 3%%255%25’3&?%4'%%%0%9 . S
m cr owave,{ q formq | %ﬁ%@‘lkelégl 4 gf%;LU}%gE%%é&eé{t%ﬂJ ?A"‘i’do‘i‘é' ar

rragnetr Cc recor di ng I'TE Ium accor ni nt'h aspects

of the pr 0 1 Qets' orgFg?nlge rggacgdsf)é(%iﬁlf SOy (I8 h%j_laf?'fe & ger |

above-descri ed rret (f) except that™ no softmagnetrc Iayer IS
formed therg| mn -Ehﬁle%@rhttt %b‘a@gn%pl@@r abes Hapbbe [fvdhemRset invention is
not particularly restricted may be any of generally used sputtering
appar atuses i ncl udi ng known sputtering apparatuses conprising a target, a
substrate hol der, a vacuum chanber, etc., for exanple, "C 3102"

(manuf actured by ANELBA CO., LTD.), "SH 250H T06" (nmanufactured by N HON
SHI NKU G JUTSU CO., LTD.) or the Ilike.



_The above nmethods (a) to (c) may be simlarly conducted up to production of
the magnetite thin film 31 In the case of formng the netal or alloy
based softmagnetic |ayer or the soft-magnetic |ayer having a granul ar
-structure, a netal target, an alloy target, a target conposed of a m xture
of netal target and an oxide, a targetixonposed of a non-magnetic nateri al
and a magnetic material or the like is sputtered in a rare gas by an

ordi nary_ne to deposijt. the uttereg.substangg on.a substrgte.

hod
Veanwi | BSCHSTERS FEPRL ORI dr i MEYE Lo e At CREoE C86: gRes el ect ed
f th St f d . E h h .
(rom e 9101 OBELELLN, Ol o 200 e BULLNGE, ey 8 038 R8Y.
ti . i ft- N F od db
regnel] £2858pELY. o Thenex) e, hased 201 Lpanelle LakgL Ry boysgiuced by

conposed £9fi a-5,ar BaPfiSy A LA AXNAGR GRS LASRpskL {(Re) sput§ef ed,subst ance
on a subsirate: or by Subjecting an alloy target to redctive spuffering in

I
a mxed at h o] ﬁgg a.nare ga d to deposit the
sputtereg'ggﬁgtgﬁéegdﬁgg su g%?%?%ﬁ &@@6? ?ﬁelgg ?ﬁ%ggﬁbgﬁgilayer may be in

the formof a nulLtiple filmconmbined with a nan-nmagnetic | ayer or other
soft-nagneticSF59e$gr é%&ﬁﬂ%ﬁ§%¥ﬂﬁﬁ¥%brﬁgfg * 8r%8gFéﬁtg?¥bﬂgc6ntrol may

be produged By, subLecLing 2.0elal; on 3l Iy dandel Jko peaghiyecspytieging |n
a mxed a nnspﬁere conpos arare gas and an oxygen ggs, 5 sputtering
the neta I t et i X Ihy at fospher t e it the
sputter e?gﬁbg%égg% g%]g‘t he %Lgé\}] ous %sq?%(%‘é)daésof t- nggeﬁsest it?lal%a%? or the
substrate, Alternatively, the -t ide | ayer for.ori.entation 32
control FRyeHRSh BEiEH b bR o S sl Eiraer: BoubEh of oxi des
such as WiChePh fLaCp0 andi ML idh BdiichcdRhigl kB Bupiexed gEmpggher e
conposed of a rare gas and an oxygen gas to deposit the sputtered substance
on the s - et i r.. the subst € ,0X n-rd ch _at pher e
used upoﬁ%ﬁggggu%%é?}f%% oir)alfoerljc}dt?c %nggg??hlﬂﬁé% M’?l ?peo%xai E%ﬁqla&?}léar for
orientation control, nmeans an atnosphere having an oxygen partial pressure
of such BagBAgEzZARigRi h/{ heo%m#raﬁg vgten magnstdlzegr 1al Loyplarget s
oxi di zed, and the deposition rate of the oxide |ayer is considerably
decreasedirdttibhStdi Aered uLAaRAR GG L UE diSc£onsd detabl y

i ncreased as conpared to that of the condition where the surface of the
target i 5apAbcoXLdi 2e0pe SRR INS dMOldAgBAlerbt ORI BREADDYS,
decreased. I'n general, under such a condition that the surface of the netal
or all oy rget i 1 di zed, 10xide_c J i i.s fprne : surface
of the tgbgetgﬁ Iél‘bsﬁaﬁea%odi Cne{y%gepd{>$f?c§%£{%v%eép%%dﬁs (al{ref o)xido e #ﬂ@r:? film by
a reactiv sputter%ng &Ethod. thﬁycon rary, in the tesegt i nvention, by
conduct i HgSPhB2EIPRY L ETT ntf* i 1 S %fﬁfgéﬁﬁrFehaaFﬁﬁ§ hEFe™CTtSis
considered_}hat oxi des or oxide ions_are driven_out_fromthe target. In the
case of $Hre IGRIFLHY MAEP- MPEBCEXFEE #+Ri REFPERRICHEn dHeENEG™t We oxi de
| ayer for orientation control is forned by sputtering under an oxygen-rich
at nospherefr wnhrenblgen?t®- thin filmforned on the Nad -type oxide |ayer for
orientation control may sonetines exhibit a nore stable and nore excell ent
crystal orientation as conpared to the case where the NaC type oxide |ayer
for orientati OR Eoﬁ?Y%@tbgl%ﬁ?ﬁﬁnﬂﬁjqﬁf p?§§e6FdPﬁHF9tF8§ctFg%r§phﬁtering
met hod. The n@ggetite thin filmcan b%.forned gn t he gad -type oxide |ayer
for ori eRFYFBRGCOMTIRERY Shftt SRIRG AT FECPEEANIoF P& ™y | oy target while
introduc%gg 9i§3§§d gas conposed of oxygen and a rare gas, and controlling
an oxygen Pow rat e (CCM in the mxed gas as well as a magnetite
deposition rate &ggé§§gé, Alternatively, a sintered target conposed of

oxi des such as Fe I'S subjected to reactive sputtering, or sputtered

whi | e introdugi BgrPDhY Rt £ &1 HAS, ARmEePRS tHheumBeRgEEt enbhifigfh! m on
the Nadl -type oxide layer for orientation control. Fromthe industrial

Vi ewnol Ny olct S (BLAL L4, thaly,1ha RERELELEC! B ! SchOLEED Y Lhey

reacti ve sputfering usi ng me or allToy target- oxygen fl ow

rate (CCM ,.in the m xe s required for achieving uiLtabl e etite
depositiSnthéFén?ﬁﬁié%g)g€d#?%gﬂﬂéﬁgﬁﬁq%§l&p&ﬁy$§rP%uz'égngPt%gﬁg9u§ed for
obtaining the nagnetite thin filmby sputtering the Fe nmetal or Fe all oy
target, for exanple, kind and structure of sputtering apparatus used,
deposition rate, total gas pressure, substrate tenperature, surface area of
sputtering target, etc. These conditions nmay be appropriately selected. In
t he above nethod (a), after formng the magnetite thin film the obtained
magnetite thin filmis taken out into atnospheric air, and then
heat-treated in air at a tenperature of 200 to 350C for 0.5 to 2 hours. The

. o o LT "




34 at nosphere having an oxygen partial pressure of such a range that the
surface of the Fe netal or Fe alloy target is oxidized and the deposition
rate of the magnetite is considerably decreased. At this tine, the cathode
-current value is considerably increased as conpared to that of the
condition where the surface of the tarbét is not oxidized, whereas the

vol tage value is considerably decreased. In general, under such a condition
that the surface of the Fe netal or Fe alloy target is oxidized, an iron
oxi de i l%AT BGRnERP P thhé 0ufr &8 iof the target, so that it may be
difficult to deposié magnet it Qﬁﬁ? reactive, sputtering netgo%. On the
contrary, in tReNgFdsENPe AvERR | bRYShy Torfdhied iff e SRR er iteg™eR such an

oxygen-rich atnmosphere, it.is. considered that .iorqn oxid iron_ions are
o) Sen oot fosmethe TREEEE L AT LTTERY B TR (O dSETbIOER des. ay
al so be ysed inn.,additiop to the net or_all t ar gef~, Megnwhi | in the
case of Eéﬁﬁgotﬁg g?ﬁ?e?%%ntggdgFEﬁﬁédaise§?8%%é%%e¢%%%%ﬁ§%ﬁ%§n&§2 &l at i onal

formul a befyeen Lhe gxyoen Ll o &2a8l Lhe JROMRId)! ¢adeposidi on rate will

be, as a natter of course, varied. NMore specifically, ‘the oxygen-rich

at nosphegg dHerd t2Pebheth Pgr {hd M Ao A Mo BRPF LRI URED dyiet;h@nRr esent

i nvention, neans an at nosphere satisfying the condition represented by the
formul a: F (02) maBnatid2rdber&ing F&Hddr | Sodiedtgaihd haw -atee( 6&hel N
oxidation treatnent; and Ris a magnetite deposition rate (nnifsec). 35
For exanleger ForheréaseadiolR cortfol NNE&RE) i sie onegstenditewthdnhe (F(02))
capabl e of oxidizing the target is not less than 24 (CCM; and in the case
of R = 1.f(lmmhsebpyvihbeaoxsgearf]l ove raean (FG2)esapdhyl) e odf Ooki dbzi ng t he
target is not less than 12 (CCM. In the above nethod (c), the sputtering

t r eat mentt .isn nan atdy genakiatim ahabsipher®, Upowtdepasi tbonmof ahfle nmagnetite
thin filmis conducted at a substrate tenperature of usually 30 to 250C,
preferably 80 d:0a18REpeMheBullie madpsdt ot erd @REBIral Wedien Oulviek the
above-specified range, it may be difficult to sufficiently attain effects
of the presegntivienferteoiin bparpaedaboVer néthwc: (@) ,off hets duidserdhag tiswge in
an oxygen-rich atnosphere is preferably 1 to 30 seconds, nore preferably 1
to 10 sedadnds.(2WHER Oke;sputtearemess nBMi/d)esf nhanléssetlmd, 0iT may be
difficult to sufficiently attain effects of the present invention. Wen the
Sputteri niptbimed sirhpatt banpEfssecandsf ddmaqldtainiedy thiald whenmay tend to
be deteriorated in nmagnetic properties. The oxygen-rich atnosphere used in
t he sput treginegifzed flor mi dgrehelontperpendi¢ular dd daudiace dfn thise above

met hod (d), neans an at nosphere having an oxygen partial pressure of such a
range i nmshingttitcheesorflang bayéehe & Metmdtior (Fe//al Myy) t af getrésidxali zed,
and the deposition rate of the oxide is considerably decreased. At this
time, the calhqde qunr efit//yabigal SeGORBEACRARh YL 1 2 easeth 491 Lapared to
that of thé condition whére the surface of the target i s not oxidized,
whereas the voltage value is consideraply decreased. In, 6 general, under
such a cGH&FFF&ﬁ”tﬁQtatﬁ@s§§F?gc%a%Te?h@JEHxheﬁﬁﬁ?oPbF@lE?SOVg?%rget is
oxi di zed, an iron oxide filmis fornmed on the surface of the target) so
that it m@gnedidged loukerrendepotar Ahroxtdent h ol mase fhasadt-iSve
sputtering nmethod. On the contrary, in the present invention, by conducting
t he sput teer Hagrahisucth./an Bxygerd- ki cloeacivsplieree i(H. 43 cbhsidededhéhat
iron oxide or iron oxide ions are driven out fromthe target. By formng a

magnet i t gt stldami ‘M‘—%Té i 5} Lot BYLT BT £Vi QUS| Yo S PEL LS €6 'l?i an

oxygen-rich atnosphere an en transform ng the magnetite thiff filminto a
hemte_thi,n fil it iLble t t abl btain the hem te thi

{1 ' havioRG ook e hpobr b Fodi 18 BrERri Ui ot HHEPo T oF PR pr esent

. ti C <t hat g . . it »

hin 111 BB BETW T o8Re 871 Sher e T Bl or et araBHe ot B R ng an

NaQl type \@xi de |y &l JOT 0 anLalian a8 [ 9hyEOIROsEd Pl nal. Nl daRey oxi de

thin filmhaving a specific small thickness undernea R the magneti C

recording,l ayar,, t her ey PLOYHdbHY AoPenpendi eukar oFegastd Criheces i ng
medi um havi ng excel l ent surface properties and nmagnetic properties. The

reason Whadhke iRernpeRe gabar ofegneskegeecor di ng medi um having excel | ent
magneti c properties can be produced by form ng the magnetic recording | ayer
on the NaC -type oxide layer for orientation control, is considered as
follows. That is, it is considered that by form ng the NaC -type oxide

| ayer for orientation control constituted by the NaC -type oxide



37 thin filmhaving a (200) plane spacing |arger than a inherent spacing of
(400) plane of maghemte, a tensile stress is generated in the in-plane
direction of the maghemte thin filmformed on the Nad -type oxide | ayer
.for orientation control, so that a | arge perpendi cul ar magneti c ani sotropy
can be induced therein. Further, it islGonsidered that by controlling the
t hi ckness of the Nad -type oxide |layer for orientation control to the
specific smal ler val ue he magpetic, properties of the per di cul ar

Ry Py ESHoDE BRGNS By Fhearins W erSer S

magnetic reco synergisti ect "of the

specific _smal.ler: thick : eg?ﬁ- p j .. for orientation
control é’ﬁén%tlhd:eq r?ppg\%%%?%gé%é{? oF entt"%%(ile(;en&o%cgﬁ%arxne;%lr%@i c recording

| ayer. T i j.onal NaCl -type oxide |ayer for orientation control

f or med u%en?p%gasﬁltglt'he magneti c recording |layer has a thickness of 100 to

200 nmin order 4@dhprave magnetic properties of the magnetic recording

| ayer. However, such a large thickness of the NaC -type oxide |ayer for
orientation cop nRlciCaypes okh8edebeei-orati P &t st draceyrperddraged On the
contrary, in the present invention, even though the thickness of the

Nad -t yperodtde dudyairafrer, aeivengaki onicknéssl of sfsomin@re tdham tthato of t he
conventional NaCl -type oxide |layer for orientation control, since the

Nad -t ypelemd dehetrhil® fiMl enmdapablisheferkhsbatimy ah €X@®) IEnd Ureieon as
the NaCl-type oxide |layer for orientation control is used therefor, it is
possi bl e thwro snacanger(feddBéutar afigheéfd L plaee ddhgnamnihehavi ng

i mproved surface properties as well as nagnetic properties identical to or
hi gher t HENSHESE 1650 the magpeEbhvEREPBARNT oh@¥ST 1 Rl di ti on, the reasons
why t he perpendi cul ar ,magnetic, recordi ng rrediélm according to each .of the
first to fourth MDA CanG OEGeRPh I B BECFSTBE PR Phe TR an
exhi bit an excellent .re r(%ducti on grgpertlﬁ%rfrfndeg%i eedm:.L eel QW:.

Convent i efry, T Gr'&EY at(%OBr SatEE° r’rﬁa mTeehndyimas a

per pendi Gl JROAEN i GCRLHLRO-L e nekh PAZ.REED, T AEY! I .9 cantr ol
crystal orrtentation of "maghemte by formng a Tragneti thin filmon a
spinel iron oxide softnmagnetic thip fil mhavi ng.the.s crystal structure
as that o]f'rﬁﬁjglrfaﬁléizeati 8 ulmn%faﬂph]p' Iﬁ%‘%’i)e%f g’l rtl_‘((:)e(ig Substrate tenperature

treating tenperat high as 4D0.to_550C.i ‘ ‘ der to f
Che spi nel i r OTf kR HEGEE G FRETERT T FRPHT SUpOSCCL o MW Forrite or

the |ike, therg ardseproblens e%'ai‘ihui‘grdﬁ%%é?{%&e&; Sr&‘ﬁ]?fee Proper tigs. On
the contrary) in the preser?t PRVent T on, e maghemte i Tl mas a
magneti c r oy r. ca copt relhl (W PO r | ot i entation
by form n%ﬁ?ﬁe@mr%qgégé c%x;}’gg%%@%%sf ggr/o%)e%?a%l?ctmtl%g%t F¥§I£ﬁu(r)ld4ér neath the
magnetic LGCoS é‘%i't%yo‘%{u ol %%Qét&@ﬂ”&%knaeﬁi%ﬁégﬁzﬂ?épﬂ@i&% n magnetic
ani sotropy in e magnetic recording |ayer. r I's Teason, the

sof t magnefd & d@yalg hayingiexeekbenbesHEhACOu PEAPEE T 4@Sr £a0 be 3/l ected

wi thout any limtations to kinds, crystallinity and crystal structure

t her eof . nQﬂi t urfac tInes, ofy tihe netLeqkecordi ng
| ayer varlﬁéejiﬁé(}g{pcen%éng ug%n lt ggé (%l?1 tﬁﬁgfﬁg%-{%pepo%ﬁ &eogge?g%g?ugf
orientation control, soft-magnetic |layer and substrate, since the thickness
of the NI@SNSHZapGPe Mhayer obtagregy WHeneRpgRebhaZzedntPolniRl&Re smal | as
less than 10 nm it is possible to produce a perpendi cul ar nmagnetic

recor di ngditesk tibhase g rexdella@nmaghetacet ponpenji)esbuatihedt wasy damage to
the magnetic effect of the soft-nmagnetic layer. In addition, since the
magneti ¢ pocoldi NG | 8y lhahaarugscell eabtShSt8F Qb eRbAL | 9ihn tes ;0bt ai ned
per pendi cular magnetic recording nmedi um can be inproved in nmagnetic
propertie u s reness. I nt iLcular et/\c isNg

el am of She bt Lo an T ofe si Hedk T A (LS Sonrae | SPERLRo
orientation control js as thin as less than 10 nm a magnpetic spaci ng

bet ween t%el?rd@?%‘?‘?@zrﬁégdl%r’r@’ ngo L rREGRERI EOI AyEPeTpbYE r %i ng can be
mnimzed. As a result, since the softmagnetic |ayer satjisfactorily

f unct i ons(Bs)a dbseiineg wheer megnabired | 7 iprrendion aediees tire nadnet i c
head as a main magnetic pole and the soft-nmagnetic backing | ayer as an

auxi | i ar ynomgneté cthpot €0 .an be sufficiently exhibited even in perpendicul ar
magneti c recording nmedia having a ultra-high recording density. Fig. 4
shows the rel ationship between a thickness (nn) of the NaC -type oxide

| ayer for orientation control (MyO) and a diffraction intensity of (400)

pl ane of the nmaghemte thin film Fig. 5 shows the relationship between a
coercive force of the perpendicul ar nagnetic recordi ng medi umand a

t hi ckness (nm) of the Nad -type oxide |layer for orientation control (MO)
formed therein; and Fig. 6 shows the relationship between and a thickness

Y 1 N o o Y 2 AR AN o



Thus, the perpendicul ar magnetic recordi ng nmedi um having the soft-nmagnetic
| ayer according to the present invention are excellent in surface
snoot hness and magnetic properties, and shows an excel |l ent crystal
orientation, so that a magnetic spaci ng between the magnetic | ayer and the
magneti c head or between the soft-nmagnesi c backing | ayer and the magnetic
head can be mnimzed. Further, the perpendi cul ar magnetic 41 recording
medi um exhi bits_an _i.mproved r cordigg resolu%ion and, therefore,

o]

. is
suitabl e as anflhl? PRI SRESS PY FEEoPAFRG  per RErdT tt ar - Kighets ¢
recordin P&?Jf&é’& & gggéﬁcb%rn rc%’la&hﬁag%i???dkggbééi %{éi&n,r ecording medi um
havi ng no soft-nmagnet ayer "according to tThe present Tnvention can al so
shom1exce+$ﬁ5£i§fg ace snoot hness and nagnetic properties and, therefore,
is suitable as a ultrahigh density recordi ng perpendi cul ar magnetic
recordi ng nmedigin,B2AMRYES The present invention is described in nore
detail by Exanples and Conparative Exanples, but the Exanples are only
illustrative agd NAdENSLRY @xidetl 1bhbendsd beibhthtidhe-sooRe Aoty present
invention. Various properties were evaluated by the foll ow ng nethods. (1)
The t hi ckeesshef sw@stiraafe ,t havingneat theckhensft b nfrdhensigheidad @ tdda n film
as a magnetic recording |layer, the softmagnetic |ayer and the NaC -type
oxi de | aykes$ otham i Ehtrat iagwd eontinbereas spasim@dofis(I @) quvisanelHatrdes,
before deposition of the thin film a line was drawmn with a resist pen on a
subst r at ethamen, segcisrg dépadisci om) obPLt KE0Phi Rlan¢ nebrmadhewiiisst rate, t he
drawn line and the filmportion deposited thereon were sinmultaneously
renoved USPRILBFBIRAMRE SHOREHLC TRECTALBIf bRVRH’ s¥&Pped portion was
measured by a tracer-type surface roughness tester ("DEKTAK 3ST" .
manuf act ured by EERSSIEOTEPFE o 2YRT at BATPEY BF cBRGri Ba oo ox1de
(manuf act pr.od, by DIGITAL INSTRUMENTS, (DLL,))s SThe £ higlnsss, of,the thin
film 42°%as" caloulatBd From he feasuradtvar tie? ?2? e OXI&%%IOH
(transfor o) ; ite-thin fi i hem te sthin film
was deterﬁ?%g é%gkg%gﬁbg?e ?%ﬁﬁhéggﬁrp%éhgﬁggéﬁ%%gg ﬁ%gsgg;égé'ecéctrica
resistaan %mgnqmgf %Egyces E@gr ftorR T agﬁg%z kﬁ]ﬁpe case where an all oy
based sof lnagné?lc TR T M 17 or&eﬂ?xthe surface él'éctrical resistance

f th tite, thi fil i 0.01 t 100 kS2 d t he. f ac, | tri |
Cesi stanoe ot Tai s et NeeParEE Frorbatid TeTHRD IS than 100

kSZ 5, eI Urf I Lcals. I i hi
s ves Penet T By et rerpePiad Bl s RN R876F B I Gowna
DENKI KEI# /002, 430 de )Y SelduRenthe dhshance delieaastwenppopes to 10 mm

obtained without compensation of demagnetizing field when

magnetized in a direction perpendicular to surface of the
magnetic recording layer; an M, ratio (M,/// M,1) of a residual
magnetization (M,//) obtained when magnetized in in-plane
direction to a residual magnetization (M,l) obtained when
magnetized in perpendicular direction, of not more than 0.5;
and an H, ratio (H./// H) of a coercive force (H./) obtained
when magnetized in in-plane direction to a coercive force
(Ht) obtained when magnetized in perpendicular direction, of

not more than 0.5.



(3) The X-ray diffraction pattern of the respective thin filmwas expressed
by the val ue neasured by an X-ray diffractoneter "Rl NT2500" (nmanufactured
by RI GAKU DENKI CO., LTD.). The neasuring conditions were as follows:
Target used: Cu; tube voltage: 40 kV; tube current: 300 mA; verti cal
gonioneter; sanpling width: 0.010; em @®i ng slit: 1.0; scattering slit:

1.0; lightreceiving slit: 0.15 mm diffraction angle range (26) neasured:
20.00 to 80.00 (4) The surface rouahness values (center-line mean roughness
(Ra) and ﬁBXIﬁUﬁ]hEIght (Rnax)) of the magnetite thin filmand the

maghenmi t ek ! 2d z 43 atom c force m croscope

L

(manuf act Tr ed .)) with respect to a 5 umsquare

. - & . '
area of the suﬂgcelté}ﬁf“eofan 1eoqg%ta' eapraaeceieh%évg@oﬁﬁ SBAARpr esent
on the surface the maghemte thin | m was neasured using the above

atom ¢ f ogEén M-&FOTRRE A ﬁ@'ﬁﬁla%tlghaﬂstnDtﬁ%Tﬁérb&ﬁw SddAdeidd with
respect to a 500 nmsquare area of the surface thereof. (5) The nagnetic
properti eseSUERIBS mERGl \WhHahed) 160uaERPEREsS]. etc. of the perpendicul ar
magneti c recordi ng medi um having a soft-magnetic |ayer according to the
present inventFion, wleweasuxedaysdn@irKet tokf pecteMeasiirting Equi pnent

BH MBOO- FK" (manufactured by NEOARC CO., LTD.). The magnetic properties

wer e neasipexpenyiapiHy imegpne thex iregrrfagoeneditinebdt @indd 1118 Hdmp el 42 kCe)

in the direction perpendicular to the surface of the nagnetic |ayer, and
eval uat ed wit hoid- 03)rﬁi’é?\‘gfatﬁnoris@flaééﬁagﬁmfp@ilﬁ‘gwmewwef?@';m masermgwetu c
properties of the per pendi_cul ar magnetic recordi ng nmedi um havi ng no

soft- magn\é}f*?]é T e5erC dingere ]ﬁ?éaé’é[uﬁégnééﬁn@n W%r@?}’ﬂﬁn@sﬂb}r%‘f l\?i‘fdﬁ'eﬁtto"rﬁater VSM
SSM 5- 15" (manuf act ured by OGYO_CO. Tg) . The magnetic properties
wer e neastfed Jsp%ﬁ‘bef %O:Ptﬁ'&%e TPrEGABPLE field of 1,590 kA/m (20 kCe)
in the di rectl ped' peg:idngu %Ii,l %Eo@%@l lcﬁ!e %g%éploﬁé’ﬁf Ge.Qfe rre magneti c

| ayer, and eva Uat ed W cofrpensati on o emagnetl i'ng

Meanwhi | e¢p 1 ben SBINEIC J¥ QReacas (M b1 5Q: 1%ér/fM|ori‘&€a?élcS}i HC~~/

H-1) of the per pendi cuI ar magnetic fecording medi um havi ng the

sof t - magnebh erdBYRA fa)ldlctmtctaendhheehlsxweeeun@glo Thesed o5e.a t he

per pendi cul ar magnetic recordi ng nedi um was produced under the sane

condi t i onsagiserese rithied fAlaydnexbeppeirbahdhoudat t maggseid créayetings f or med

therein, and the nmagnetic properties thereof were neasured and eval uated

usi ng " Vibedtum e Sl iedvignetenpreseEMLESREi35) (nmanuf act ured by TCEI

KOGYO CO., LTD.). Al'so, the magnetic properties of the soft-magnetic |ayer

were measur ed %ml e al Ut e o SEoOWYNBr Ahenge Sakppresivig et orearera VSM

SSM 5- 15" y|n a maxi mum magnetic_field of 39.75 kA/méSOO Ce) in

the dir ec‘E‘i’%‘*n f) e ttlli’(? ?ﬁFP E‘QlFHeF‘Eo’F‘agﬁ?th‘él Y\“@C‘“Ke“rrf

Measuri ng_ Equ nent B 30CGHL - (manuf ¢t ured LTD. ). b

aop y1 ng R e P ereny B S eEbY AR 2s iR R hE 1Yo b

par al | el iy t f <P 0. er pendi cul ar
k& i?ﬁv% gfﬁl NES §Ofgfﬁé§ggh?agtﬂn E8HH£61 fb{éf&{

magnetic reco ccor pect of t pr esent

invention> NaGid ype 1@('éj%rla§%ersh5975.ngr Lgat egneelsﬁaﬁwlb@wé&irw an
in-line disk sputtering apparatus (manuf actured by ANELBA CO.,

LTD.) andsgedtéméss @iS‘Maﬂc@btb&ir\!@?ﬂﬂﬁ:lﬂ:l@s%o%lﬁé%@é%h@naaﬁ an MjO sintered
target to 85 mm the si nter ed target was sputtered at ordinary terrperature

(about Zogéméﬁh@{hﬁrggorkl@l@%&h%&% pavbagadchehal mPEESSUE er o A
t hereby formng an O thin filmhaving a thickness of 5 nmat a ep05|t|on
rate of Qn@@lﬂﬂw&ﬁomﬁdﬂ&cglt@esp&eaehta&ﬁventéfén, and a thickness

(nm) of an NaCl-type oxide layer for orientation control

formed.

DETATLED DESCRIPTION OF THE INVENTION



Maanetite film Then, a netal alloy (Fe + 3 wt. ~ Co) target was sputtered
on the obtained MgO thin filmat 150C i n an atnosphere contai ni ng oxygen
and argon and having an oxygen flow rate of 20 CCM an oxygen parti al
pressure of 0.03 Pa and a total pressure of 0.38 Pa, thereby formng a
Co-contai ning magnetite thin filmhaviBg a thickness of 20 nmat a
deposition rate of 2 nnisec on the MyO thin film Oxidation in atnospheric
air The thus ai in_filmwas.heat- d. i el ectric furnace in
at nospheric a?#ﬁeat& %%8% féptfglﬁlg]l ou%,gl %%%%%Jg%&?olrﬂﬁin%eg&al E’\Iiecloon ‘ai ni ng
magheni te thi n.fi he 8RL AL BE dn o CONL AL DL FFRONGN LG, Y Rfd | m
had a thi ckness o%‘evzé;ﬂnnphggé?o?tﬁe surface roug nesslr?ggfg t el%c%dn&;{éni ng

maghem t e, tdddh i 1{PentN®ncet gestifBegean roughness (Ra) thereof was 0.6
nm and t'he maxi mum hei ght (Rrax) thereof was 8.1 nm In addition, the

obt ai ned maghefid @iadnan calBi-af8gHEBL 8 $EESr@ind SndiMumntbddiRimROneS i C
recording | ayer conposed of nmaghem te exhibited a coercive force of 314

KA/ m (3, Hex1Oa)f twed fdrsguabeiessthM sMoth 0dnd. SSverditd assaddaces elrctri cal
resi stance of 9,600 MS2. Further, it was confirmed that the maghemite thin
filmhad mreddntr dtriventMon~cbhnp)y isésOa38ubatith e, Hrditd esdft-meddBtiaf 0. 36.
Meanwhi | e, since the (200) plane spacing of the obtained MgO thin fil m was
about 0. 2Zl@mmandadlhéyproraidebatgeert han oheer ZO0)orp|cumd repaciamny
inherent to maghemte (0.2086 nm, it _was considered that a |arge

per pendi ctite@rnedi@tendaeeirc faKi SORFBPY AaSTYREUE RF It e Fagerd te thin
film After the surface of the obtai ned pediumwas coated with a

per f | uor JPRARR Her SSLTEAPEUBAYRANECTREMVBERN & TR b dedtidind 2 En @8kt ur ed

by Ausi non di um was subj ect ed to%al uati on of recording

t Co., .Ltd.), th
and repr o%dﬁqq{bét&coﬁgﬁqrg%%?ggﬁgﬁ BEFRGSRHY AR HEXd"Fhvih speci fi cation

i ncludin j t.e po i d o] i .ga f. 0. .a_read
track wi %Tlﬁb%\gfalt% u%’”?g}rélmd %}q%eé%g?%ﬁgl@]h% Sﬁg%oe&l%sgﬁ%oggl\%él ﬁ%&ﬁg spin
stand " LS {iRNWAGHI" ¢d £y, KuodRrDeasdi n Bysh eldvs [dd-dhett @ | near
speed of 11.43 m's and a sense current of 10 mA~. The obtai ned reproduction
vavef or mMep2¢ Lorith AWV it ibind cokprA§e§ h@WBubst Fhe, land hih nNeICdgld on
waveforns had a high dipulse ratio. Exanple 2: <Production of perpendicul ar
magnet i ¢ ¢ty diaygrreEdiracadeardihgnt cohtrsl tspecideafldyer fieserintrol

i nvention> Soft-magnetic |ayer By using an in-line disk sputtering

appar at usa "GB! quimmibadoor ed bymaANEEBAC OBcordMNg lawks etdninig sdng

di stance between a gl ass substrate and a netal alloy target to 85 mm the
met al al |dyna@EreFett ¢oizn LNBR) wasdspuleeredl at Y eF el kaatgger at ure (about
20C) in an argon atnosphere havipng a total pressure of 0.67 Pa, thereby
form ng as’“ﬁf'oq%ﬁwjtyhi L moﬁaﬁ"%gs bf’ﬁf%k‘%ess of 400 nm at a deposition

rate of 1.4 nnds on_th | ass substrate. The thus obtained - Zn-Nb
o ¢ - gt i ¢ Toyare wape ey e ReR T PhE e S A, P R ou
79.5 A/m et I,0 i i t J 1 he radi al
directi onlg%thr%%%q E’asgns\%%!%lxg,%ig?'m%.%@%%n%%r%}g%%}gﬁhﬁe&;gdpﬁ%éépmn%gneti C
field reqigd falc Magnelhs satdsathedsi faddect regK, dmectdien asden

har d- magneti zati on direction was about 1.193 A/m (15 Ce), and the product
of sat ur agulest rgnet iczatthen 1aRd . t htdae Stheafe tdibsofitrerpgneti glhager was
7.04 x 10-6 W/ m( 5, 6 00 G-.un ) . Ma0O Nad -type oxi de |layer for

ori ent at i swbstdtred Suceeesievekyd, an MO sintered target was sputtered on
the obtained Co-Zn-Nb thin filmin an argon atnosphere having a total
pressure of 0.09%lRx, timetdlyrkopandgcabaiy@ayhetid i fendrding medivimckness

of 5 nmat a deposition rate of 0.03 nnmsec on the Co-Zn-Nb thin film
according to the fifth, eighth and ninth aspects of the

present invention, in addition to the above-described
substrates, there may also be used glass substrates obtained
by dispersing soft-magnetic particles in the substrates,

ceramic substrates composed mainly of soft-magnetic ferrite



Maanetite filmThen, a nmetal alloy (Fe + 3 wt. ~ Co) target was sputtered
on the obtained MgO thin filmat 150C i n an atnosphere contai ni ng oxygen
and argon and having an oxygen flow rate of 20 CCM an oxygen parti al
pressure of 0.03 Pa and a total pressure of 0.38 Pa, thereby formng a
Co-contai ning magnetite thin filmhavi&d a thickness of 20 nmat a
deposition rate of 2 nnisec on the MyO thin film Oxidation in atnospheric
air The thus, obtained | ti-}Fayer i S - t.r eat i n.electric
furnace i%aétflrrcglsep erolrcrzgller lal %300@9?%#%%1%@%&1}?%]{%{&82@%% 61% r%%néE% a

Co- cont ai py 5§B€Haq hi Lhe i ned - il

maghem tea!tnﬁig% I T'm Cglga;r ﬁ?&%%ggslggo%gyﬁ%oﬁ&gi% ? eoj!s:ur g’;C%B P%}Jeghness
of the Corjrd8 cOfrAiNiRG rRIRENMbEBeLRENCEI e bhessent Shvdditean
roughness (Ra) thereof was 0.7 nm~ and the maxi mum hei ght (Rmax) thereof
was 10.0 pnpddbadd tdoRondne topbaberdi FRUAL Mk gndetl afe @aIAae 1 ailk Si ze
of 18 nm and the magnetic recording | ayer conposed of maghem te exhibited
a coer ci veah®r &ostadim I8 op1me@d £500h&eperpadd dcsianr ragsst { M dm)r Dind. 82,
and a surface electrical resistance of 5,100 kS2. Meanwhile, since the
(200) pl anedspadaurding e aheatfhedtMy6 founthi | sixes abdudeer 107 nm and,
therefore, larger than the (400) plane spacing i nherent to naghemte

(0. 2086 mMajpedts wels tdengirdsead thaenhibargeiperpendhele aromgredriaric

ani sotropy was induced in the maghemte thin film Further, it was
confirned€®at the obtai ned perpendicul ar magnetic recordi ng medi um havi ng
no soft-magnetic | ayer under sane condition_hag an ratio (M~~/M1) of

0.39 and an HN§%ti FAHSOLERUEPNEELE. 3BYCE| §5 9°SHbWRSAn X-ray diffraction
tt f the d ited thi, il bt aj ned_b iyely f i th

pattern of s e el g LD gt gkt by muesespiyely Tormrg the
‘ol _ ) ! . hi .

crystal | |Boarat LvalRaRe SHOKLEE-ARGRLE TRADEL Ady (B0 R 20 T

filmto tgansdar e iRkt ﬁnhhkﬂefﬁémLBWetgfi@@?%}f@f eedhin film As

shown in Fig. 2, although some diffraction peaks attr ed to the

crystal | i gefergd ASiors WRsithalle WiKEn 0HSEr Ve Gs o t thekeyrie netydrourd any
diffraction peaks attributed to nmaghemte except for those attributed to

t he (400)fqimee® tdsveeof .thEheudkaratei tnd 4BewsdsCrotype i dddtaytdre fadat ai ned
maghemite thin filmexhibited an excellent crystal orientation. After the
surface ofridrtapican medtredi uitwheconasedonsihla perfidvuorhol srtdrare based

| ubricant "FOVBLIN Z DOL" (tradenane, manufactured by Ausinont. Co., Ltd.),
t he nedi uiSwesetdstiay MRroaeiigGataetecBrafigeanty r Epe odtird Wy Rt loperti es

t hereof using an ead having a specification jncluding a wite pole

ut ot hoof TGk Fihis apagr BRTTohiT OHEadPTr RIS 1 B um and
a flying height .of .35 ll.as_a Lh_st SLS-90" factured by
Kyodo Dens?Wéggﬁﬁ%ﬁﬁ Tgyeﬁﬁd%? gpeamﬁﬁﬁgggcsﬁgggrgiééjﬁéﬁéég%ﬁkfﬁg a sense
current cgegé&éggg_ As shown in Fig. 3, the rectangul ar reproduction
wavefornms were obtained. Exanples 3 to 12: The sanme procedure as defined in
Exanple 1 was gondicted-erpluibkahabhectBi ekngsging hogi @ r torRe oxi de

| ayer and the anpunt of cobalt used upon deposition of the Co-containing
magnet i t eptdent i Intemrieonshangedofarnayakyict heyebyiobiet nbanek arieadi cul ar
magneti c recordi ng nedi a. Exanple 13 (production nethod (c)): After

deposi ti ngedtrel deed and aipeidig ikagneti séntki nhéi hagbygmite shaive figiiet as
defined in Exanple 1, the obtained Cocontaining magnetite thin filmwas
successi vedgne tieateatatidimon lelversasewappararbsobyedpint s mrystmet al al | oy

target (Fe + 3 wt. ~ Co) at 150C in an ox¥gen-rich at nospher e cont ai ni ng
orientation by forming such a soft-magnetic layer therein

irrespective of crystal structure and crystal orientation
thereof. However, the material of the soft-magnetic layer is
preferably selected from those capable of providing a soft-

magnetic layer having excellent surface properties and an



50 oxygen and argon and having an oxygen flow rate of 74 CCM an oxygen
partial pressure of 0.12 Pa and a total pressure of 0.40 Pa, thereby
form ng a Co-containing maghemte thin film Exanple 14: The sane procedure
as defined in Exanple 1 was conducted except that an NNO | ayer was forned
as the NaC -type oxide |ayer, thereby @Btaining a perpendicul ar nagnetic
recording medium It was confirnmed that the obtained NO thin filmhad a
spacing o 200 |.ane .of 0..2089.n i 1.t s

Conpar at i %aeé%x%%% eetllz,att 3 éiér%%ﬁrl g@egggg%gggdéﬁi E%%n?%gga%feeéﬁlé\fgs
conduct ed_ex it Lte Lo filmwas directly formed on the
substr at eOJ(?M f%&;%a%f {}ﬂler%é%oﬁ%ggqg}%i glteegllgyer, t hereby obtaining a nagnetic
recording nmedigmy N CUPaLAL ke SXBAPLES tRet Qofr-hhSnSAIE PARCLUME as

defined in Exanmpl € 1 was conducted except that the thickness of the

NaCl- t ypei gxi&ee | @Y 88a a5 aqfl%ﬁ_ﬁ;e@u_tcﬂ 30, c20zangp3nanto L espest imel y,
thereby formng a maghemte thin fil mand obtaining magnetic recording

medi a. | nb&vePai Eldwe doecplse Fe-stihersage-plocedupe Bs-clednderkima-Bxanpl e 1
was conduct ed except that the heat treatnment for transform ng magnetite

i nt o maghein besadhsalomvd ed)ch er ey Feor srngha Raet iThee tdofit -mdgmearid

obt ai ning a magnetic recordi ng nedium Essential production conditions are
shown i n Tapde day aido drd cwspesedecti sbeokof hemadnat hedf ger pendiweh ar
magnetic recording nedia are shown in Table 2. 51 It was confirned that
t he spaci®g Wi-4200rpitEne BErther Nathergpeavxbeleised & Mot ideEvent at i on
control of the respective perpendicul ar nmagnetic recordi hg nedi a obtai ned
i n Exanpl €28 of Ri<hesr GePlrad 1the 0Sp Lt RgMBETNERHD) 1P $hiferent to

hemi t les 16 tq.26 28 to 32:.Th d . defined i
Exanpl ¢ oo FHS GOt e Broshtt T RAETBheCoRgUEH Frowhrave MRPandnt of

cobalt us n_depositi of scontaining magnetite thin film the
t hi cknessf%féjlgﬁ%aésjeof? - n(%(g%elt ic }tg%e&?k%he t hi ckness of the NaC -type oxide

layer for ori O GUNTraRE be JbBhckBESPafhqt Bfa BGDE IS I fyer were
changed variously, thereby obtaining perpendi cular”magnetic recording
nedi a. Exgrib&ries Wie SrmMaeeduergendetingd haghxel®! fedoM@ngonduct ed

medium, the kind and thickness of the soft-magnetic layer may
be selected such that a product (Bg*t) of a saturation

magnetic flux density (Bg) and a thickness (t) of the soft-

magnetic layer is in the range of 1.13 x 10% to 13.57 x 1076
Wb/m (80 to 1,100 Gum). For example, when the saturation

magnetic flux density (Bg) of the soft-magnetic layer is 22.6

Wb/m2 (18,000 G), the thickness of the soft-magnetic layer is
preferably in the range of 50 to 600 nm.

The coercive force of the soft-magnetic layer is
preferably not more than 796 A/m (10 Oe), more preferably not
more than 557 A/m (7 Oe), still more preferably not more than
398 A/m (5 Oe). Under such a condition, the magnetic field
(anisotropy field) required for the magnetic saturation

against the hard magnetization direction orthogonal to the



except that the tenperature for transformng the magnetite thin filminto
the maghemte thin filmwas changed, thereby obtaining a perpendicul ar
magneti c recordi ng medium Exant~le 33: The sane procedure as defined in
Exanpl e 2 was conducted except that an Fe based alloy |ayer was fornmed as
the soft magnetic |ayer) thereby obtairm3ng a perpendi cul ar magnetic

recordi ng medium Exanple 34 (production nethod (c)): 52 After depositing
t he CO’COQS%‘%%Q err@gzg ti teqt.hi n f.il m,by tihe sane nethod as defined in
Exanpl e 2, “the i R GG ER A RIRAS shEcBESEgEAYLY reat ebes$ t hi n

ovtarn

t he sane r S ttering a netal alloy target (Fe + 3 wt. % Co) at
150C i n agﬂggyg%%}}}i?%h&gbtjr%e?phé[gjérecgﬁtegleﬁfahgyowgeﬂeﬁﬁdu&‘?@dh' 21 Aa%i ng an
oxygen fleyyrgte of 74 CCM an oxygen partial pressure of 0.12 Pa and a

total pressure of 0.40 Pa, thereby obtaining a Co-containing nmaghenite thin

film Exanple 8% Jd& samediecadyee ﬁgyﬂgg(ﬁg%%%gggxggy%gaﬁiv@es conduct ed

except that an NiO | ayer was forned as ayer’ for

ori ent at | afoEeHES) ndrherelrahtiahei BgaaqperRendi 891'@6?%%4 gllcg'%goéo ing

medi um Meanwhile, it was confirnmed that "the spacing o t he

obt ai ned the paydictwas Gh2083 thatCORPARGhEY ec ExanR| @sndidP &) LRg
Conpar ative Exanple 6, after depositing a thin filmas the soft-nagnetic

backing | ¢ Lped, | the fmanet i t
acki ng | eyerthycrhaesamm mt hed %%f@eifnhafl‘?gtié' Eé‘fzﬁigu:?a S ed{@gq:%l €

thin filmwas forned on the softnmagnetic | ayer w or mation of i he

Nad -t ypealoxiatesgeayiati dbirappieent ef | BlesONEthaloriitd t hefe bhephkakned
magnetite thin fil mwas oxidi zed, thereby a magnetic recording nedium In
Conpar at inendeuysitesl 1ineo a®d thensaae ptocetures asrdefidms-ngn Exanpl e 1 was
conduct ed excceﬁi that the thickness of the NaCltype oxide |ayer for
orientation cdiitdlernasncloadgedtrofadthed amdiBlt rediversspeotilveinece idfer eby
obt ai ni ngﬁpﬂ{ pendi cul ar 53 magnetic recording nmedia. In Conparative
Exanpl e P& NERS FrosedurecasodEprnetion Bxamdretl svabredmduetléd except
t hat the Crgf[!agtlr})reﬁtitef thin fil mwas not subjected to oxidation treatnent,

t her eby Jbtaith P WEGRELCIE AB¥SF di A WedPTAY s seih &S @roduct i on

e pend: Gt e NeRre e drdrnmatt: 4F Bl KadRe a T i 1P O Thae
confirmed jthatsfh [ f . pl th C-type oxide |ayer for
orientation contr %Ioag?gltlggngegéégg%\llg %%?%%ﬁ\%ﬁ caﬁ?%l?a e PENEEEST di ng

medi a Obﬂahﬁﬁdnb@eEb&”Qbe§m9b59e§5aM@§yé?T§HHF4rﬁﬁééd“éfﬂgyg ng ¢i,(400)

pl ane i nherent to naghemte.
like, may be formed between the soft-magnetic layer and the

substrate.

Next, the NaCl-type oxide layer for orientation control
is described.

In the perpendicular magnetic recording medium of the
present invention, the NaCl-type oxide layer for orientation
control may be in the form of an oxide thin film having an
NaCl-type structure. It is preferred that the {200) plane of
the NaCl-type oxide layer for orientation control is
preferentially oriented in parallel with the surface of the
substrate. In particular, the NaCl-type oxide layer for

orientation control is preferably an NaCl-type oxide thin film



Meanwhi | e, the nmagnetic properties and surface properties of the respective
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thin film, SmO thin film, SrO thin film, TiO thin film, VO

thin film, YbO thin film or the like. Of these thin films,

MgO thin film, NiO thin film, CoO thin film, MnO thin film or

the like are preferred.

The thickness of the NaCl-type oxide layer for
orientation control is usually from more than 0 nm to less
than 10 nm, preferably 1 to 9 nm, more preferably 1 to 8 nm,
still more preferably 1 to 5 nm. When no NaCl-type oxide
layer for orientation control is provided or the thickness of
the NaCl-type oxide layer for orientation control is not less
than 10 nm, the magnetic recording layer may be deteriorated
in crystal orientation. When such an NaCl-type oxide layer
for orientation control composed of an NaCl-type oxide which
has a thickness of not less than 10 nm is formed on the soft-
magnetic layer, the magnetic spacing between the magnetic head
and the soft-magnetic layer becomes large. As a result, when
forming magnetic recording media having a high-recording
density, a good magnetic interaction between the magnetic head
as a main magnetic pole and the soft-magnetic layer (backing
layer) as an auxiliary magnetic pole cannot be sufficiently
exhibited.

Next, the magnetic recording layer is described.
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Further, the maghemite thin film may also contain cobalt
in order to enhance a coercive force thereof. The cobalt
content in the maghemite thin film is preferably not more than
20% by weight, more preferably 1 to 10% by weight based on Fe.
When the cobalt content is more than 20% by weight, it may be
difficult to obtain a perpendicular magnetic recording medium
having an excellent stability independent of the passage of
time.

Meanwhile, the maghemite thin film may also contain, in
addition to cobalt, if regquired, at least one element selected
from the group consisting of B, C, Cr, Cu, Mn, Ni, Ti and Zn
which can be ordinarily used for improving various properties
thereof, at a molar ratio of the element to Fe of preferably
not more than 0.04, more preferably about 0.005 to 0.04. When
the above different kinds of elements are incorporated in the
maghemite thin f£ilm, it becomes possible to readily obtain a
perpendicular magnetic recording medium having a higher
coercive force and a higher squareness.

The thickness of the magnetic recording layer constituted
by the maghemite thin film is preferably 5 to 80 nm, more
preferably 5 to 50 nm. When the thickness of the magnetic
recording layer is less than 5 nm, it may be difficult to

readily obtain a perpendicular magnetic recording medium
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the magnetic recording layer may be deteriorated in surface
properties and may suffer from large media noises.

The magnetic recording layer constituted by the maghemite
thin film has a coercive force value as measured in the
perpendicular direction, of preferably not less than 159 kaA/m
(2,000 OCe), more preferably 199 to 1,194 kA/m (2,500 to 15,000
Oe); and a saturation magnetization value (value of
magnetization when applying a magnetic field of 1,590 ka/m (20
kOe) thereto) of preferably 29 to 53 Wb/m3 (230 to 420
emu/cm3), more preferably 30 to 53 Wb/m3 (240 to 420 emu/cm3).

When the magnetic recording layer constituted by the
maghemite thin film is magnetized in the perpendicular
direction, the sguareness (M,/Mg) obtained without
compensation of demagnetizing field is preferably not less
than 0.7, more preferably not less than 0.75. The upper limit

of the squareness (M,/M;) is 1.0. When the squareness (M,/Mg)

is less than 0.7, large media noises may be caused, thereby
failing to obtain a suitable perpendicular magnetic recording
medium.

The magnetic recording layer constituted by the maghemite

thin film has a ratio (M, ratio: M//// M) of a residual
magnetization (M,.//) obtained when magnetized in the in-plane

direction to a residual magnetization (M) obtained when

magnetized in the perpendicular direction of preferably not
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perpendicular magnetic recording medium.

Among various parameters of the surface roughness of the
magnetic recording layer constituted by the maghemite thin

film, the center-line mean roughness (R,) thereof is

preferably 0.1 to 1.5 nm, more preferably 0.1 to 1.0 nm. When

the center-line mean roughness (R,) is more than 1.5 nm, it

may be difficult to obtain the aimed effects of the present
invention. Also, the maximum height (R,,x) of the magnetic
recording layer 1is preferably 1 to 15 nm, more preferably 1 to
12 nm. When the maximum height (Ry,x) is more than 15 nm, it
may be difficult to obtain the aimed effects of the present
invention.

The perpendicular magnetic recording medium having a
soft-magnetic layer composed of metal or alloy according to
the present invention has an electrical resistance value of
preferably 100 to 10,000 kQ, more preferably 100 to 8,000 kQ,
still more preferably 100 to 7,800 k€. The perpendicular
magnetic recording medium having a soft-magnetic layer
composed of oxides according to the present invention has an

electrical resistance value of preferably 50 to 30,000 MQ,
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is described.

The perpendicular magnetic recording medium according to
each of the first to fourth, sixth and seventh aspects of the
present invention can be produced by first successively
forming a soft-magnetic layer, an NaCl-type oxide layer for
orientation control and a magnetite thin film on a substrate;
and then transforming the magnetite thin film into a maghemite
thin film. The perpendicular magnetic recording medium
according to the fifth, eight and ninth aspects of the present
invention can be produced by first successively forming an
NaCl-type oxide layer for orientation control and a magnetite
thin film on a substrate; and then transforming the magnetite
thin film into a maghemite thin £ilm.

For example, the perpendicular magnetic recording medium
according to each of the first to fourth, sixth and seventh
aspects of the present invention can be produced by any of the

following methods:
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(c) a method of successively forming a soft-magnetic
layer, an NaCl-type oxide layer for orientation control and a
magnetite thin film on a substrate by a sputtering method, and
then continuously subjecting the magnetite thin film to
sputtering treatment under an oxygen-rich atmosphere in the
same sputtering chamber without taking out into atmospheric
air to transform the magnetite thin film into a maghemite thin
film;
(d) a method of successively forming a soft-magnetic
layer and an NaCl-type oxide layer for orientation control on
a substrate by a sputtering method, sputtering an Fe, an Fe
alloy or an iron oxide target in an oxygen-rich atmosphere to
deposit an ultra-thin iron oxide layer, forming a magnetite

thin film, and then transforming the magnetite thin film into

a maghemite thin film by the same method as used in any one of
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to oxidation treatment in a plasma-activated oxygen atmosphere
containing a rare gas to transform the magnetite thin film
into a maghemite thin film; and

(f) a method of first successgively forming a soft-
magnetic layer and an NaCl-type oxide layer for orientation
control on a substrate by a sputtering method, and then
sputtering a metal or alloy target under a plasma atmosphere
activated by an electron cyclotron resonance (ECR) microwave
to form a maghemite thin film.

Meanwhile, the perpendicular magnetic recording medium
according to the fifth, eighth and ninth aspects of the
present invention can be produced by the any method of the
above-described methods (a) to (f) except that no soft-
magnetic layer is formed therein.

The sputtering apparatus usable in the present invention
is not particularly restricted, and may be any of generally
used sputtering apparatuses including known sputtering
apparatuses comprising a target, a substrate holder, a vacuum
chamber, etc., for example, "C-3102" (manufactured by ANELBA
CO., LTD.), "SH-250H-T06" (manufactured by NIHON SHINKU
GIJUTSU CO., LTD.) or the like.

The above methods (a) to (c¢) may be similarly conducted

up to production of the magnetite thin film.
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The oxide based soft-magnetic layer may be produced by
sputtering a sintered oxide target in a rare gas or in a mixed
atmosphere composed of a rare gas and an oxygen gas to deposit
the sputtered substance on a substrate; or by subjecting an
alloy target to reactive sputtering in a mixed atmosphere
composed of a rare gas and an oxygen gas to deposit the
sputtered substance on a substrate.

Also, the soft-magnetic layer may be in the form of a
multiple film combined with a non-magnetic layer or other
soft-magnetic layer.

The NaCl-type oxide layer for orientation control may be
produced by subjecting a metal or alloy target to reactive
sputtering in a mixed atmosphere composed of a rare gas and an
oxygen gas, or sputtering the metal or alloy target in an
oxygen-rich atmosphere, to deposit the sputtered substance on

the previously formed soft-magnetic layer or the substrate.

Alternatively, the NaCl-type oxide layer for orientation
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of is considerably decreased. At this time, the cathode current
value is considerably increased as compared to that of the
condition where the surface of the target is not oxidized,
whereas the voltage value is considerably decreased. In
general, under such a condition that the surface of the metal
or alloy target is oxidized, an oxide coating film is formed
on the surface of the target, so that it may be difficult to
deposit an oxide thin film by a reactive sputtering method.
On the contrary, in the present invention, by conducting the
sputtering in such an oxygen-rich atmosphere, it is considered
that oxides or oxide ions are driven out from the target. In
the case of some kinds of NaCl-type oxide thin films, when the
NaCl-type oxide layer for orientation control is formed by
sputtering under an oxygen-rich atmosphere, the maghemite thin
film formed on the NaCl-type oxide layer for orientation
control may sometimes exhibit a more stable and more excellent
crystal orientation as compared to the case where the NaCl-

type oxide layer for orientation control is produced by



.a coercive force (H-~~) obtained when nagnetized in in-plane direction to a
coercive force (H-1) obtained when nmagneti zed i n perpendi cul ar direction,

of not nore than 0.5. 5. A perpendicular magnetic recordi ng nmedi um
-according to claim1l1, wherein said soft-magnetic |layer is conposed of Co
Zr-Nb alloy, Co-Zr-Ta alloy, Fe-Si all®dy, Fe-Si-A aIon, Fe-B all oy, Fe-C
alloy, Fe-Ta-N alloy, Ni-Fe alloy or Mh-Zn ferrite. 6. A perpendicul ar

magnetic recording nme L Um acg din Ia m 1, wherein said Nad -type
oxi de Iayer(flnaré’o%ﬁgsg&VSf H%J&ejéa%] %] O, CeO CoO, EuO FeO, MO

MO IO N O 'é!pga %g’tgr@hli[' Bl 1 Q Qﬂgé’%%grgfd&ﬁ;%e&%a%i' gézp%gg”e“c

recordi ng nedlun1ac to cIa|n11 wher type | ayer

for ori e%?ltdeoa_ %%Qt rfgk B?Eeﬁté%&%“@éﬁtf&l ]b% %ﬂ{@rﬁlg %rp%reo%‘i'a(iu' ar

magneti c recor Ium according to alm ereinsald magnetic

recordlngulq%gglh%§ %a&BbEkwﬁ§§eoin9£§$@%f$6Yaﬁmiﬁéé“de“c fo%ed of )
per pendi cul ar magnétic recordi ng nmedi um according to claim1, wherein said

nmagnet i ¢ d:8eidiRd bayakehgssa &6At €ntrd#l1hdeanesty JUEINRS SaltRa) of 0.1
to 1.5 nmand a maxi num hei ght (Rmax) of 1 to 15 nm 10. A perpendicul ar

magnet i ¢ (@Enor dnngheediuadagesr dsngeld &4 aa mdgneathi o Gpgarities: aazw f ace

el ectrical resistance of 100 to 8,000 kSZ in the case of using the

sof t - magnetn /sddyer Atveposedvaly m o irdrerdd dargetd cbiPosed30f00@1HB8 in

the case of using the soft-nmgnetic |ayer conposed of an oxide. 11. A

per pendi MY amadigePi ¢l T eBIIHANGIHG URRCESNSTr PERR§STangubstr at e;
sputtered while introducing only a rare gas, to deposit the
magnetite thin film on the NaCl-type oxide layer for
orientation control. From the industrial viewpoint, it is
preferred that the magnetite thin is formed by the reactive
sputtering method using the metal or alloy target.

The oxygen flow rate (CCM) in the mixed gas required for
achieving a suitable magnetite deposition rate {(nm/sec) varies
depending upon various conditions used for obtaining the
magnetite thin film by sputtering the Fe metal or Fe alloy
target, for example, kind and structure of sputtering
apparatus used, deposition rate, total gas pressure, substrate
temperature, surface area of sputtering target, etc. These
conditions may be appropriately selected.

In the above method (a), after forming the magnetite thin
film, the obtained magnetite thin film is taken out into
atmospheric air, and then heat-treated in air at a temperature
of 200 to 350°C for 0.5 to 2 hours.

The oxygen-rich atmosphere used upon forming the

maghemite thin film in the above method (c) means an



an NaC -type oxide layer for orientation control fornmed on the substrate,
havi ng a thickness of fromnore than O to less than 10 nm and a magnetic
recording layer formed on the NaCd -type oxide |ayer for orientation
control, conprising a maghemite thin film and said perpendi cul ar nmagnetic
recordi ng nmedi um having a coercive for@d in perpendicular direction of not
| ess than 159 kA/m (2,000 CGe); a squareness (M /M) of not less than 0.7

bt ai ned with t f ¢ d
direct | orf p%?s‘) e A T i S e Wﬁ“ A o'
ratio (Mg rdesirdual, paopetLzagion (M r%tl dL "me”

magnetlze |n |n p ane i rection to a resrdua on (Ml) obt ai ned

when nmagngtizetd %@&&%ﬂ@b@%éhghr@s&éoa@f Ohe nﬁégﬁ@g@cé han 0.5, 75 and
an H~ ratio (H-~~/ H-1) a coercive force (H~~~)" obtal ned when nagneti zed

in in-pl agen £ deeddgn de%r@a@@ar ciye tfse {&1l)tpbtitedenien remgneti zed in
per pendi cul ar direction, of not nore than O. 5. 12. A per pendi cul ar magnetic

recor di ngvamRgd U ettcﬁiylfaemgbtlg ghakranddd wbetenpaséad deNaklatt wre thd de | ayer
for orientation control has a spacing of (200) plane l[arger than an

i nher ent sqadi thigor{ KH2A86 the) sak£6480pf pthaetafgarghemdte @ankitaddyt i ng t he
magnetic recording |layer. 13. A perpendicul ar magnetic recordi ng nedi um
accor di ngthexred saitthel Volwhageeivalsei disNaGhsigeralky déedrgemed.s Fonposed of
AnD, BaO, CaQ, CdO CeOQ CoO EuO. FeO, MO, MO, NdO, NI QO NpO SnD SrO
TiO VO cﬁ‘enﬁi@lrlmnd@rp@uﬁ@nél @gndﬁtmgnéhat: tb@oﬁﬁwﬁgcerwﬁ dmeadeording to
claim1l, wherein said_NaC -type oxide Iayer for orientation control has a
t hi cknessm‘?ﬁall % B¢ @hloys taﬁgﬁér bénﬂ?‘(’:@Fé‘? medhetF & r%&%lﬁﬁ‘(}“héﬁ um
accordln

) %al mtéﬁ efrel n §ahg lr)e(te Cc rec%dl njgfrl has a
t hi ckness %lf Dt sterahl y'8 #6588 A EErﬁ%n el grpeetl c recording
medi um aceor s ng & q clalmil, gﬁﬁbgisﬁ%di”ggﬁ?éi&er Qrding, r# WthodS @
center-|ine nean troughness RAJ 6 . .5 nmand maxi nu
On the contrary, in the present invention, by conducting the
sputtering in such an oxygen-rich atmosphere, it is considered
that iron oxide or iron ions are driven out from the target.
As the target, a sintered target of oxides may also be used in
addition to the metal or alloy target. Meanwhile, in the case
of using the sintered target of oxides, the below-mentioned
relational formula between the oxygen flow rate and the
magnetite deposition rate will be, as a matter of course,
varied.
More specifically, the oxygen-rich atmosphere in a
sputtering film-forming apparatus used in the present
invention, means an atmosphere satisfying the condition

represented by the formula:

F(0,) /R = 12
wherein F(0,) is an oxygen flow rate (CCM) in oxidation

treatment; and R is a magnetite deposition rate (nm/sec).



height (Rmax) of 1 to 15 nm 17. A perpendicul ar magnetic recordi ng nmedi um
accordi ng 76 to claim1ll, having an electrical resistance of 100 to
30,000 Ms2 . 18. A perpendicular magnetic recording nedium conprising: a
substrate; a soft-magnetic |layer fornmed on the substrate; an NaC -type

oxi de layer for orientation control foBbed on the soft-magnetic |ayer,
havi ng a thickness of fromnore than O to | ess than 10 nm and a spaci ng of

200 | | h N i . 2086 f (400 | f
(200) 12 | g LR 20 OEE L2801 6. (9 208 Mol LAOR) BLAne ©

maghem te con ing lay FC

recordinge] gy ‘%}aéeor('%’%%ﬁgghée%‘ng?%?gqé ycgﬁ]d%%?% 'ti%eﬁ:aﬁgiﬁgoﬁée%@t 1005

control, conprising a hi'n 1 perp i cular nagnetic
recordi ng_.medi u conpri si_ng: substrate; _a soft- eti.c layer forned on
t he subsg%QﬁQL242$ﬁqmgeaaﬁﬁogﬁc?h?E@fieo?géas%tﬁﬁ%tG%ﬁaﬁﬁaneﬁi PPy Bensi ty
BS) and t hi cknes t), of sofft - t.ic layer _of 1.1 13, 10-6
$/\b/2n (80 ]tgloo"\il,?é(? é?r{) ;2) énc?\él%el-? y%%a Oggi?%gz:'{nz%/et?%f (1):ra% F%erl]?afglggn%?:g%t )r(ol

formed on .t he soft-magnetic |ayer, having a thickness of fromnore than 0
to | ess tHg! 1 ﬁﬁpgﬁd a spaci ng of (200) plane larger than an inherent

#p2ci 19, (0, 2080, gk QAR RLATG. P! IRENEMLLE, S0P Liuloune, (15, et <
DR YRR AN LS b AR, SO Y b e (hi
substrates;iiy is conducted at a substrate temperature of usually 30 to
250°C, preferably 80 to 150°C. When the substrate temperature
is out of the above-specified range, it may be difficult to
sufficiently attain effects of the present invention.

In the above method (c¢), the sputtering time in an
oxygen-rich atmosphere is preferably 1 to 30 seconds, more
preferably 1 to 10 seconds. When the sputtering time is less
than 1 second, it may be difficult to sufficiently attain
effects of the present invention. When the sputtering time is
more than 30 seconds, the obtained thin film may tend to be
deteriorated in magnetic properties.

The oxygen-rich atmosphere used in the sputtering for
forming the ultra-thin iron oxide layer in the above method
(d), means an atmosphere having an oxygen partial pressure of
such a range in which the surface of the Fe metal or Fe alloy
target is oxidized, and the deposition rate of the oxide is
considerably decreased. At this time, the cathode current
value is considerably increased as compared to that of the

condition where the surface of the target is not oxidized,

whereas the voltage value is considerably decreased. 1In



.a soft-magnetic |layer formed on the substrate, having a product (BSt) of a
saturation magnetic flux density (BS) and a thickness (t) of the
soft-nmagnetic | ayer being in the range of 1.13 to 13.57 x 10-6 Wbo/m (80 to
-1, 100 Gum; an Nad -type oxide layer for orientation control formed on the
soft-magnetic |ayer, having a thicknes36of fromnore than O to |l ess than 10
nm and a spacing of (200) plane larger than an i nherent spacing (0.2086 nm
of (400) pl ane .of henm te constituting the netic rec 3! ayer; and
o mmgnel iSRG TG ag i o §r neaCbh PRecRat: T e Gy e
orientation contral, .aﬁ‘i%gr ‘tégggtaigagﬂf Leqt i frdy 'd&iée?%ﬁ%! ds

per pendi cul ar magneti ¢ recordrng medium havihg a coercive force in

per pendi oy afe fidie 14080k B8l pkePic! PARGABI KAV A2 A00LR)se a squar eness

(M / MB) not | ess than tained w ut conpensation of demagneti zi ng

field whep magnetd 200 dahoaidi BRCHKPRePERPENE] CHlBY 4 a-sdiidiake of the
magnetic recording layer; an M ratio (M~~/ M1) of a residua

nmagnet i z agh ot ddVlrier ne@blodl, Negh Wied dmgeihzedrd Rhenphlegeardihoeht08nt 0 a
resi dual nagnetization (M 1) obtained when 78 magneti zed in perpendicul ar
di rect i orpy ddorithictinige theaspQtberand an shch adn coxihrern/r ikdtl Ja tofo spheaer, ci ve
force (H~ii) obtained when magnetized in in-plane direction to a coercive
force (HHY ichtahmedieneen thmgnétrbredxide per penati captiade diarec taren drdfvemot
nore than 0.5. 21. A perpendicular magnetic recordi ng nedi um

out from the target. By forming a magnetite thin film from an

initial layer previously sputtered in an oxygen-rich

atmosphere and then transforming the magnetite thin film into

a maghemite thin film, it is possible to stably obtain the

maghemite thin film having an excellent grain size

distribution.

The point of the present invention is that a magnetic
recording layer constituted by a maghemite thin film can be
well controlled in its crystal orientation by forming an NaCl-
type oxide layer for orientation control composed of an NaCl-
type oxide thin film having a specific small thickness
underneath the magnetic recording layer, thereby providing a
perpendicular magnetic recording medium having excellent
surface properties and magnetic properties.

The reason why the perpendicular magnetic recording
medium having excellent magnetic properties can be produced by
forming the magnetic recording layer on the NaCl-type oxide
layer for orientation control, is considered as follows. That
is, it 1s considered that by forming the NaCl-type oxide layer

for orientation control constituted by the NaCl-type oxide



.conprising: a substrate; a soft-magnetic |ayer fornmed on the substrate,
havi ng a product (BSt) of a saturation nagnetic flux density (BS) and a

t hi ckness (t) of the soft-nmagnetic |layer being in the range of 1.13 to
-13.57 x 10-6 V~b/m (80 to 1, 100 Gun) ; an Nad -type oxide |ayer for
orientation control forned on the soft3Wagnetic |ayer, having a thickness
of fromnore than O to |l ess than 10 nm and a spaci ng of (200) plane |arger

Chan an o0 12986108 (03080 ol L400) g o oo

constituting the nmagne gnetic recor ﬁ%lt] ayer
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maghem t e m an ving a cen I ne nmean roughness of 0.1to
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magneti ¢ Tecordi ng medi um having a coercive force in perpendicul ar

directi oneQindtod %% Khan-158ekbkint 21 908 Gedr S SUAEBNES TdrMY/J¥B) of not
| ess than 0.7 obtai ned without conpensation of demagnetizing field when

magnet i zesb ithar @ Neelycopeppenandu et anadhe ik faces Sfrddie can/ bdmagneti c
recording layer; an M ratio (M~~/ M1l) of a residual magnetization (M ~~)
obt ai ned ibrcathgitetriecdad | Furt thet ane: dig ecirisdniareda thesi tyal magneti zati on
(M 1) obtained when magneti zed in perpendicular direction, of not nore than
0.5; and emtirolldmioo thie~thickréysobf atbediatletyre caxide-Jayerbtf@imed when
magnetized in in-plane direction to a coercive force

orientation control to the specific smaller value, the

magnetic properties of the perpendicular magnetic recording

medium can be enhanced by a synergistic effect of the specific

smaller thickness of the NaCl-type oxide layer for orientation

control and the improved crystal orientation of the magnetic

recording layer.

The conventional NaCl-type oxide layer for orientation

control formed underneath the magnetic recording layer has a

thickness of 100 to 200 nm in order to improve magnetic

properties of the magnetic recording layer. However, such a

large thickness of the NaCl-type oxide layer for orientation

control causes the deterioration of surface properties. On

the contrary, in the present invention, even though the

thickness of the NaCl-type oxide layer for orientation control

is smaller than that of the conventional NaCl-type oxide layer

for orientation control, since the NaCl-type oxide thin film

capable of exhibiting an excellent function as the NaCl-type

oxide layer for orientation control is used therefor, it is

possible to obtain a perpendicular magnetic recording medium

having improved surface properties as well as magnetic

properties identical to or higher than those of the



(H~1) obtained when magneti zed in perpendicular direction, of not nore than
0.5. 22. A perpendicular magnetic recordi ng nedium conprising: a
substrate; a soft-magnetic |ayer forned on the substrate, having a product
(BSt) of a saturation magnetic flux density (BS) and a thickness (t) of the
soft-magnetic | ayer being in the range3®f 1.13 to 13.57 x 10-6 W/ m (80 to
1,100 @urn); an Nad -type oxide |layer for orientation control formed on the
soft-magneti.c l.a er | having a thickness of fromnore than O to | ess than 10
nm and a(§ﬁ5§¥ﬁﬁ'8ﬁ (388§‘plane | arger than an inherent spacing (0.2086 nm

f (400) pl f en Lot o i na | > and
2 magnet i 6 1 ocd GCRG T aher CPEr PEt O 1R Nt o bl Je el A
i 1 ’ H H , h . . f..l .

centor -1 18 e, oeaiACE PRas Ay "I P R TR R, gt

(Rmax) ofgil dip het RBeARH §8h8cPET HENGME UbAL s BRI NG & 1RO TN @B e 1 ¥m
havi ng a 80 coercive force in perpendicular direction of not |ess than

159 kA M2, RQ1%ht 2cpavaneness piMpdEly ofarwtadess ddmmd ol . obt ai ned
wi t hout conpensation of demagnetizing field when magnetized in a direction

per pendi cul ar domveuntfianaldy, t be obgeettc pesdick rg Maagiemni tan thiinr &tiilm
(M~~/ M1) of a residual magnetization (M ~~) obtained when nagnetized in
i n-pl ane & rregterpentidcal aesingdgaét agnetdzatnonl ) igbttsisnésgenhen

magneti zed in perpendicular direction, of not nore than 0.5, an H~ ratio
(H~~~/ H¥Bqusfred doereohteol octesta#l~oyiemtal et athawmahnmyids 2od in in-pl ane
direction to a coercive force (H-1)_ obtained when magneti zed in

per pendi AATAL TG PeBEPBRE1IBE BBIN NHE &Nt PR OSBENGhdL &6 &S iSO4Itr esi st ance
of 100 to 8,000 kS2,in _the case of using the soft-magnetic |ayer made of

metal or "RIRF1ERER0 T 4M3B2OBY MBRS | TR S TRERE ofS TG T h Ss feragnet i ¢

|ayer made of an oxide. 23,4 perpendigular mguetl ¢ Lecording medium
conprising: & sUbsfrate’ anRath=1ype OXi de ‘| dyer f &r “6rientati on control

formed on hstr Btee DaVing BehLekngss AL HiamADied han 3d hess

than 10 nmand an inherent spacing of (200) plane [arger than a spacing
(0. 2086 nqAfrdstd8) orharet8fl roRahent t o LoaBtitdl | g dd & JmdaRlgnetriecor di ng

| ayer; and a nagnetic recording |layer formed on the Nad -type oxide | ayer

for orienfdin @llaokbhebse08Pr M8+NG BerBphendt ecidillike, there arise
problems such as deteriorated surface properties. On the
contrary, in the present invention, the maghemite thin film as
a magnetic recording layer can be well controlled in its
crystal orientation by forming the NaCl-type oxide layer for
orientation control underneath the magnetic recording layer,
thereby inducing a large perpendicular magnetic anisotropy in
the magnetic recording layer. For this reason, the soft-
magnetic layer having excellent surface properties can be
selected without any limitations to kinds, crystallinity and
crystal structure thereof.

Further, although the surface properties of the magnetic

recording layer varies depending upon those of the NaCl-type

oxide layer for orientation control, soft-magnetic layer and

substrate, since the thickness of the NaCl-type oxide layer



81 filmand having a center-line nean roughness (Ra) of 0.1 to 1.5 nmand a
maxi mum hei ght (Rmax) of 1 to 15 nm said perpendi cul ar magneti c recording
medi um havi ng a coercive force in perpendicular direction of not |ess than
159 kA/m (2,000 Ce); a squareness (M/MS) of not |ess than 0.7 obtained

wi t hout conpensation of demagnetizi ng 8bel d when magnetized in a direction
perpendi cul ar to surface of the magnetic recording layer; an M ratio (M ~~

[/ M1) of_a resid alt.magnet itzataLi on M~_~% bt ai ped V\g,gn gtgneti z.ecd in
i n-pl ane ot SEHIBHAGR G G4 TRagRetTati Of (1) -5t af héd whan 1°

ti o . . SO _ ;
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orientation control forned on the substrate, having a thickness of from

nore thansfhdd d}%g%argh@%i%or@%@ﬂ@n?nléﬁéﬁrﬁaﬂé SPa&kael Nént 20Q)stRllane
| arger than a spacing (0.2086 nn) of (400) plane of maghemi te constituting

t he magnedtCerttendiodi,ngHeay@itaiaed pefBgnaltal aecaaghen d ayetoddimted on t he
NaCl -type oxide |layer for orientation control, conprising a naghemte thin
medium can be improved in magnetic properties such as
squareness.

In the perpendicular magnetic recording medium of the
present invention, since the NaCl-type oxide layer for
orientation control is as thin as less than 10 nm, a magnetic
spacing between the magnetic head and the soft-magnetic layer
upon recording can be minimized. As a result, since the soft-
magnetic layer satisfactorily functions as a backing layer, a
magnetic interaction between the magnetic head as a main
magnetic pole and the soft-magnetic backing layer as an
auxiliary magnetic pole can be sufficiently exhibited even in
perpendicular magnetic recording media having a ultra-high
recording density.

Fig. 4 shows the relationship between a thickness (nm) of
the NaCl-type oxide layer for orientation control (MgO) and a
diffraction intensity of (400) plane of the maghemite thin
film; Fig. 5 shows the relationship between a coercive force
of the perpendicular magnetic recording medium and a thickness
(nm) of the NaCl-type oxide layer for orientation control

(MgO) formed therein; and Fig. 6 shows the relationship

between and a thickness (nm) of the NaCl-type oxide layer for



.82 filmand having a center-line nean roughness (Ra) of 0.1 to 1.5 nmand a
maxi mum hei ght (Rmax) of 1 to 15 nm said perpendi cul ar magneti c recording
medi um havi ng a coercive force in perpendicular direction of not |ess than
-159 kA/m (2,000 Ce); a squareness (M/Ms) of not |ess than 0.7 obtained

wi t hout conpensation of demagnetizing &#Del d when magnetized in a direction
per pend| cular to surface of the magnetic record| ng layer; an M ratio
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film was expressed by the value measured by an X-ray
diffractometer "RINT2500" (manufactured by RIGAKU DENKI CO.,
LTD.).
The measuring conditions were as follows:
Target used: Cu; tube voltage: 40 kV; tube current:
300 ma; vertical goniometer; sampling width: 0.010°;

emitting slit: 1.0°; scattering slit: 1.0°; light-

receiving slit: 0.15 mm; diffraction angle range (20)

measured: 20.00° to 80.00°

(4) The surface roughness values (center-line mean

roughness (R,;) and maximum height (R,.,)) of the magnetite

thin film and the maghemite thin film were measured using an
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(5} The magnetic properties such as coercive force,

squareness, etc. of the perpendicular magnetic recording

medium having a soft-magnetic layer according to the present
invention, were measured using "Kerr-Effect Measuring
Equipment BH-M800-FK" (manufactured by NEOARC CO., LTD.). The
magnetic properties were measured by applying a maximum
magnetic field of 1,113 ka/m (14 kOe) in the direction
perpendicular to the surface of the magnetic layer, and

evaluated without compensation of demagnetizing field.

(6) The magnetic properties of the perpendicular magnetic
recording medium having no soft-magnetic layer, were measured
using "Vibrating Sample Magnetometer VSM SSM-5-15"
(manufactured by TOEI KOGYO CO., LTD.). The magnetic
properties were measured by applying a maximum magnetic field
of 1,590 kaA/m (20 kOe) in the direction perpendicular or
parallel to the surface of the magnetic layer, and evaluated

without compensation of demagnetizing field.

Meanwhile, the magnetic properties (M, ratio: M/// M/ZL; H,

ratio: H.// H.) of the perpendicular magnetic recording
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were measured and evaluated using "Vibrating Sample
Magnetometer VSM SSM-5-15" by applying a maximum magnetic
field of 39.75 kA/m (500 Oe) in the direction parallel to the
surface thereof, or using "Kerr-Effect Measuring Equipment BH-
430GHL-2" (manufactured by NEOARC CO., LTD.) by applying a
maximum magnetic field of 1,988 A/m (25 Oe) in the direction

parallel to the surface thereof.

Example 1:
<Production of perpendicular magnetic recording medium
according to fifth aspect of the present invention>
NaCl-type oxide layer for orientation control

By using an in-line disk sputtering apparatus "C-3102"
(manufactured by ANELBA CO., LTD.) and setting a distance
between a glass substrate and an MgO sintered target to 85 mm,
the sintered target was sputtered at ordinary temperature
(about 20°C) in an argon atmosphere having a total pressure of
0.094 Pa, thereby forming an MgO thin film having a thickness
of 5 nm at a deposition rate of 0.03 nm/sec on the glass

substrate.
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amorphous, and had a coercive force of about 79.5 A/m (1 Oe)
and an easy magnetization direction extending in the radial
direction thereof. Meanwhile, it was confirmed that the
applied magnetic field required for magnetic saturation in the
track direction as the hard-magnetization direction was about
1.193 A/m (15 Oe), and the product of saturation magnetization
and thickness of the soft-magnetic layer was 7.04 X 10-% Wb/m
(5,600 Gum) .

MaO NaCl-tvpe oxide laver for orientation control

Successively, an MgO sintered target was sputtered on the
obtained Co-Zn-Nb thin film in an argon atmosphere having a
total pressure of 0.094 Pa, thereby forming an MgO thin film
having a thickness of 5 nm at a deposition rate of 0.03 nm/sec
on the Co-Zn-Nb thin film.

Magnetite film

Then, a metal alloy (Fe + 3 wt. % Co) target was
sputtered on the obtained MgO thin film at 150°C in an
atmosphere containing oxygen and argon and having an oxygen
flow rate of 20 CCM, an oxygen partial pressure of 0.03 Pa and
a total pressure of 0.38 Pa, thereby forming a Co-containing
magnetite thin film having a thickness of 20 nm at a
deposition rate of 2 nm/sec on the MgO thin f£ilm.

Oxidation in atmospheric air

The thus obtained multi-layered film was heat-treated in
an electric furnace in atmospheric air at 300°C for one hour,
thereby forming a Co-containing maghemite thin film.

The thus obtained Co-containing maghemite thin film had a

thickness of 20 nm. As to the surface roughness of the Co-
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containing maghemite thin film, the center-line mean roughness

(Ry) thereof was 0.7 nm; and the maximum height (R, ,x) thereof

was 10.0 nm. In addition, the obtained maghemite had an
average grain size of 18 nm, and the magnetic recording layer
composed of maghemite exhibited a coercive force of 358 kA/m

(4,500 Oe), and a squareness (M,/Mg) of 0.82, and a surface

electrical resistance of 5,100 k€. Meanwhile, since the (200)
plane spacing of the obtained MgO thin film was about 0.2107
nm and, therefore, larger than the (400) plane spacing
inherent to maghemite (0.2086 nm), it was considered that a
large perpendicular magnetic anisotropy was induced in the
maghemite thin film.

Further, it was confirmed that the obtained perpendicular

magnetic recording medium having no soft-magnetic layer under

same condition had an M, ratio (M,///M,t) of 0.39 and an H.

ratio (H.//H ) of 0.36.

Fig. 2 shows an X-ray diffraction pattern of the
deposited thin film obtained by successively forming the
amorphous soft-magnetic layer, the NaCl-type oxide layer for
orientation control composed of magnesium oxide and the
magnetite thin film on a crystallized glass substrate, and
then heat-treating the magnetite thin film to transform the
magnetite thin film into the maghemite thin film. As shown in
Fig. 2, although some diffraction peaks attributed to the
crystallized glass substrate were observed, there were not
found any diffraction peaks attributed to maghemite except for

those attributed to the (400) plane thereof. Therefore, it
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was confirmed that the obtained maghemite thin film exhibited
an excellent crystal orientation.

After the surface of the obtained medium was coated with
a perfluoropolyether based lubricant "FOMBLIN Z DOL"
(tradename, manufactured by Ausimont Co., Ltd.), the medium
was tested to evaluate recording and reproducing properties
thereof using an MR head having a specification including a
write pole width of 1.9 um, a shield gap of 0.21 pm, a read
track width of 1.5 pm and a flying height of 35 nm as well as
a spin stand "LS-90" (manufactured by Kyodo Denshi System Co.,

Ltd.) at a linear speed of 11.43 m/s and a sense current of 10

mA,.. As shown in Fig. 3, the rectangular reproduction

waveforms were obtained.

Examples 3 to 12:

The same procedure as defined in Example 1 was conducted
except that the thickness of the NaCl-type oxide layer and the
amount of cobalt used upon deposition of the Co-containing
magnetite thin film were changed variously, thereby obtaining

perpendicular magnetic recording media.

Example 13 roduction method (¢

After depositing the Co-containing magnetite thin film by
the same method as defined in Example 1, the obtained Co-
containing magnetite thin film was successively treated within
the same apparatus by sputtering a metal alloy target (Fe + 3

wt. % Co) at 150°C in an oxygen-rich atmosphere containing
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oxygen and argon and having an oxygen flow rate of 74 CCM, an

oxygen partial pressure of 0.12 Pa and a total pressure of

0.40 Pa, thereby forming a Co-containing maghemite thin film.

Example 14:

The same procedure as defined in Example 1 was conducted
except that an NiO layer was formed as the NaCl-type oxide
layer, thereby obtaining a perpendicular magnetic recording
medium. It was confirmed that the obtained NiO thin film had

a spacing of (200) plane of 0.2089 nm.

Comparative Examples 1 to 5:

In Comparative Example 1, the same procedure as defined
in Example 1 was conducted except that the maghemite thin film
was directly formed on the substrate without the NaCl-type
oxide layer, thereby obtaining a magnetic recording medium.

In Comparative Examples 2 to 4, the same procedure as defined
in Example 1 was conducted except that the thickness of the
NaCl-type oxide layer was changed to 10, 20 and 30 nm,
respectively, thereby forming a maghemite thin film and
obtaining magnetic recording media. In Comparative Example 5,
the same procedure as defined in Example 1 was conducted
except that the heat treatment for transforming magnetite into
maghemite was omitted, thereby forming a magnetite thin film
and obtaining a magnetic recording medium.

Essential production conditions are shown in Table 1, and
various properties of the obtained perpendicular magnetic

recording media are shown in Table 2.
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It was confirmed that the spacing of (200) plane of the
NaCl-type oxide layer for orientation control of the
respective perpendicular magnetic recording media obtained in
Examples 3 to 14 was larger than the spacing of (400) plane

inherent to maghemite

Examples 16 to 26 and 28 to 32:

The same procedure as defined in Example 2 was conducted
except that the oxygen flow rate and amount of cobalt used
upon deposition of the Co-containing magnetite thin film, the
thickness of the soft-magnetic layer, the thickness of the
NaCl-type oxide layer for orientation control and the
thickness of the maghemite layer were changed variously,

thereby obtaining perpendicular magnetic recording media.

Example 27:

The same procedure as defined in Example 2 was conducted
except that the temperature for transforming the magnetite
thin film into the maghemite thin film was changed, thereby

obtaining a perpendicular magnetic recording medium.

Example 33:

The same procedure as defined in Example 2 was conducted
except that an Fe based alloy layer was formed as the soft-
magnetic layer, thereby obtaining a perpendicular magnetic

recording medium.

Example 34 (production method (c)):
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After depositing the Co-containing magnetite thin £ilm by
the same method as defined in Example 2, the obtained multi-
layered film was successively treated within the same
apparatus by sputtering a metal alloy target (Fe + 3 wt. % Co)
at 150°C in an oxygen-rich atmosphere containing oxygen and
argon and having an oxygen flow rate of 74 CCM, an oxygen

partial pressure of 0.12 Pa and a total pressure of 0.40 Pa,

thereby obtaining a Co-containing maghemite thin film.

Example 35:

The same procedure as defined in Example 2 was conducted
except that an NiO layer was formed as the NaCl-type oxide
layer for orientation control, thereby obtaining a
perpendicular magnetic recording medium. Meanwhile, it was
confirmed that the spacing of (200) plane of the obtained NiO

layer was 0.2089 nm.

Comparative Examples 6 to 10:

In Comparative Example 6, after depositing a thin film as
the soft-magnetic backing layer by the same method as defined
in Example 3, the magnetite thin film was formed on the soft-
magnetic layer without formation of the NaCl-type oxide layer
for orientation control, and then the obtained magnetite thin
film was oxidized, thereby a magnetic recording medium. In
Comparative Examples 7 to 9, the same procedure as defined in
Example 1 was conducted except that the thickness of the NaCl-
type oxide layer for orientation control was changed to 10, 20

and 30 nm, respectively, thereby obtaining perpendicular
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magnetic recording media. In Comparative Example 10, the same
procedure as defined in Example 1 was conducted except that
the magnetite thin film was not subjected to oxidation
treatment, thereby obtaining a magnetic recording medium.
Essential production conditions are shown in Table 3, and
various properties of the obtained perpendicular magnetic
recording media are shown in Table 4.
It was confirmed that the spacing of (200) plane of the
NaCl-type oxide layer for orientation control of the
respective perpendicular magnetic recording media obtained in
Examples 9 to 35 was larger than the spacing of (400) plane
inherent to maghemite.
Meanwhile, the magnetic properties and surface properties

of the respective soft-magnetic layers obtained by changing

kinds and compositions thereof are shown in Table 5.
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Table 1

Examples and | NaCl-tyvpe oxide laver for orientation control

Comparative Kind Thickness
Examples (nm)
Example 3 MgO 2.0
Example 4 MgO 8.0
Example 5 MgO 5.0
Example 6 MgO 5.0
Example 7 MgO 5.0
Example 8 MgO 5.0
Example 9 MgO 1.4
Example 10 MgO 2.0
Example 11 MgO 2.8
Example 12 MgO 3.5
Example 13 MgO 5.0
Example 14 NiQ 5.0

Comparative - -
Example 1

Comparative MgO 10.0
Example 2

Comparative MgO 20.0
Example 3

Comparative MgO 30.0
Example 4

Comparative MgO 5.0
Example 5
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Table 1 (continued)

Examples and Conditions for formation of recording laver

Comparative Co content Oxygen flow Substrate
Examples (wt. %) rate temperature

(CCM) (°C)

Example 3 3 20 150
Example 4 3 20 150
Example 5 3 20 150
Example 6 8 20 150
Example 7 8 20 150
Example 8 8 20 150
Example 9 8 20 150
Example 10 8 20 150
Example 11 8 20 150
Example 12 8 20 150
Example 13 3 20 150
Example 14 3 20 150

Comparative 3 20 150
Example 1

Comparative 3 20 150
Example 2

Comparative 3 20 150
Example 3

Comparative 3 20 150
Example 4

Comparative 3 20 150
Example 5
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Table 1 (continued)

Examples and Oxidation treatment

Comparative Oxidation treatment Treating Treating
Examples process temperature time

(°C) (hr)
Example 3 Heat treatment in air 300 1
Example 4 Heat treatment in air 300 1
Example 5 Heat treatment in air 300 1
Example 6 Heat treatment in air 300 1
Example 7 Heat treatment in air 300 1
Example 8 Heat treatment in air 300 1
Example 9 Heat treatment in air 300 1
Example 10 Heat treatment in air 300 1
Example 11 Heat treatment in air 300 1
Example 12 Heat treatment in air 300 1
Example 13 Sputtering in oxygen- 150 3 sec
rich atmosphere

Example 14 Heat treatment in air 300

Comparative Heat treatment in air 300

Example 1

Comparative Heat treatment in air 300 1
Example 2

Comparative Heat treatment in air 300 1
Example 3

Comparative Heat treatment in air 300 1
Example 4

Comparative - - -
Example 5
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Table 2
Examples and Properties of magnetic recording medium
Comparative Thickness of Thickness of Co content
Examples NaCl-type oxide | recording layer (wt. %)
layer for (nm)
orientation
control
(nm)
Example 3 2.0 20.0 3
Example 4 8.0 20.0 3
Example 5 5.0 30.0 3
Example 6 5.0 13.0 8
Example 7 5.0 20.0 8
Example 8 5.0 30.0 8
Example 9 1.4 12.5 8
Example 10 2.0 12.5 8
Example 11 2.8 12.5 8
Example 12 3.5 12.5 8
Example 13 5.0 28.0 3
Example 14 5.0 28.0 3
Comparative - 20.0 3
Example 1
Comparative 10.0 20.0 3
Example 2
Comparative 20.0 20.0 3
Example 3
Comparative 30.0 20.0 3
Example 4
Comparative 5.0 20.0 3
Example 5
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Table 2 (continued)

Examples and Properties of magnetic recording medium
Comparative Magnetic properties
Examples Coercive Square- M, ratio H. ratio
force
ss M, /// ML
(ka/m)| (Oe) ne R R
Example 3 260.7 13,276 0.80 0.37 0.30
Example 4 299.9 13,769 0.76 0.48 0.42
Example 5 373.1] 4,688 0.89 0.29 0.27
Example 6 460.0 1] 5,780 0.91 0.27 0.29
Example 7 615.4 | 7,733 0.87 0.26 0.25
Example 8 760.0 1] 9,551 0.89 0.21 0.23
Example 9 473.6 ] 5,951 0.84 0.32 0.27
Example 10 438.9 15,515 0.88 0.28 0.26
Example 11 454.3 | 5,709 0.86 0.24 0.26
Example 12 458.2 ]| 5,758 0.85 0.26 0.22
Example 13 199.8 | 2,511 0.82 0.39 0.26
Example 14 308.01 3,871 0.86 0.34 0.31
Comparative 324.0] 4,072 0.36 1.04 0.83
Example 1
Comparative 255.0 1} 3,205 0.50 0.90 0.59
Example 2
Comparative 176.1 12,213 0.33 1.00 1.10
Example 3
Comparative 175.3 ] 2,203 0.32 1.10 1.20
Example 4
Comparative 31.4 395 0.15 0.98 2.58
Example 5
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Table 2
Examples and Properties of magnetic recording medium
Comparative Surface Surface roughness
Examples electrical
resistance
* R, Rimax
(MQ)
(nm) (nm)
Example 3 7,100 1.2 12.6
Example 4 7,000 1.1 12.3
Example 5 5,400 0.9 12.0
Example 6 8,200 0.8 9.4
Example 7 6,100 0.8 10.3
Example 8 1,200 1.0 12.3
Example 9 28,000 1.0 11.7
Example 10 21,000 0.8 11.2
Example 11 21,000 0.8 10.4
Example 12 17,000 0.7 9.1
Example 13 1,800 0.8 9.3
Example 14 1,500 0.7 8.1
Comparative 5,400 1.4 18.4
Example 1
Comparative 4,600 1.5 18.6
Example 2
Comparative 4,500 1.6 19.1
Example 3
Comparative 4,400 1.6 19.3
Example 4
Comparative 0.08 0.5 6.8
Example 5
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Table 3
Examples Production conditions of magnetic recording
medium
Soft-magnetic layer
Kind Thickness

(nm)
Example 15 CogyZrNbg 400
Example 16 Cog7ZrNbg 400
Example 17 Cogy2rsNbyg 400
Example 18 Cog;2rNbg 400
Example 19 CogrZrsNbg 400
Example 20 CogrZrsNbg 400
Example 21 CogryZrsNbg 400
Example 22 Cog,ZrsNbg 400
Example 23 CogyZrgNbg 400
Example 24 CogyZrNbg 100
Example 25 CogryZrsNbg 200
Example 26 Cogry2rsNbg 600
Example 27 CogyZrsNbyg 400
Example 28 CogyZrsNbg 400
Example 29 CogyZrsNbg 400
Example 30 Cog,2xrNbg 400
Example 31 CogyZ2rsNbg 400
Example 32 Cog,SigNbg 400
Example 33 Fegg cSij s 400
Example 34 Cog,72rsNbg 400
Example 35 CogyZrsNbyg 400
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Table 3 (continued)

Examples Production conditions of magnetic recording
medium
NaCl-type oxide layer for orientation control
Kind Thickness

(nm)
Example 15 MgO 5.0
Example 16 MgO 5.0
Example 17 MgO 5.0
Example 18 MgO 5.0
Example 19 MgO 5.0
Example 20 MgO 5.0
Example 21 MgO 5.0
Example 22 MgO 2.0
Example 23 MgO 8.0
Example 24 MgO 5.0
Example 25 MgO 5.0
Example 26 MgO 5.0
Example 27 MgO 5.0
Example 28 MgO 2.5
Example 29 MgO 2.5
Example 30 MgO 2.5
Example 31 MgO 2.5
Example 32 MgO 3.5
Example 33 MgO 5.0
Example 34 MgO 5.0
Example 35 NiO 5.0
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Table 3 (continued)

Examples Production conditions of magnetic recording
medium
Conditions for formation of recording laver
Co content Oxygen flow Substrate

(wt. %) rate temperature
(CCM) {ecg)
Example 15 3 18 150
Example 16 3 20 150
Example 17 3 20 150
Example 18 3 20 150
Example 19 8 20 150
Example 20 8 18 150
Example 21 8 18 150
Example 22 8 18 150
Example 23 8 18 150
Example 24 3 20 150
Example 25 3 20 150
Example 26 3 20 150
Example 27 3 20 150
Example 28 8 18 150
Example 29 8 18 150
Example 30 8 18 R.T.
Example 31 8 18 80
Example 32 3 20 150
Example 33 3 22 150
Example 34 3 28 150
Example 35 3 18 150
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Table 3 (continued)

Examples Production conditions of magnetic recording
medium
Oxidation treatment
Oxidation treatment Treating Treating

process temperature time

(°C) (hr)
Example 15 Heat treatment in air 300 1
Example 16 Heat treatment in air 300 1
Example 17 Heat treatment in air 300 1
Example 18 Heat treatment in air 300 1
Example 19 Heat treatment in air 300 1
Example 20 Heat treatment in air 300 1
Example 21 Heat treatment in air 300 1
Example 22 Heat treatment in air 300 1
Example 23 Heat treatment in air 300 1
Example 24 Heat treatment in air 300 1
Example 25 Heat treatment in air 300 1
Example 26 Heat treatment in air 300 1
Example 27 Heat treatment in air 250 1
Example 28 Heat treatment in air 250 1
Example 29 Heat treatment in air 250 1
Example 30 Heat treatment in air 250 1
Example 31 Heat treatment in air 250 1
Example 32 Heat treatment in air 300 1
Example 33 Heat treatment in air 300 1

Example 34 Sputtering in oxygen- 150 3 sec

rich atmosphere

Example 35 Heat treatment in air 300 1
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Table 4
Comparative Production conditions of magnetic recording
Examples medium
Soft-magnetic layer
Kind Thickness
(nnm)
Comparative CogyZrsNbg 400
Example 6
Comparative CogyZrsNbyg 400
Example 7
Comparative Cog;2rsNbg 400
Example 8
Comparative Cog;2xr5Nbg 400
Example 2
Comparative Cog,2rsNbg 400
Example 10
Table 4 (continued)
Comparative Production conditions of magnetic recording
Examples medium
NaCl-tyvpe oxide laver for orientation control
Kind Thickness
(nm)
Comparative - -
Example 6
Comparative MgO 10.0
Example 7
Comparative MgO 20.0
Example 8
Comparative MgO 30.0
Example 9
Comparative MgO 5.0
Example 10
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Table 4 (continued)

Comparative Production conditions of magnetic recording
Examples medium
Conditions for formation of recording laver
Co content Oxygen flow Substrate
(wt. %) rate temperature
(CCM) (°c)
Comparative 3 20 150
Example 6
Comparative 3 20 150
Example 7
Comparative 3 20 150
Example 8
Comparative 3 20 150
Example 9
Comparative 8 20 150
Example 10
Table 4 (continued)
Comparative Production conditions of magnetic recording
Examples medium
Oxidation treatment
Oxidation treatment Treating Treating
process temperature time
(°c) (hr)
Comparative Heat treatment in air 300 1
Example 6
Comparative Heat treatment in air 300 1
Example 7
Comparative Heat treatment in air 300 1
Example 8
Comparative Heat treatment in air 300 1
Example 9
Comparative - - -
Example 10




& ()-Ao. TI " MVNNN( N/ NONeE) [ F "10% " & ()-[F "10%"& ()-[F "10%"& ()-' E"[F
"10% " & ()-[F "10%"& ()-[F "10% " & ()- ONLN2NFNGNHNI NNNI PO[ F[ F

"10%"& ()-[F "10%"& ()-'E'[F "10%"& ()-[F "10%"& ()-[F

"10% " & ()-" E" NNXNYNZN[ N' NaNmNi K/ [[F "10% "& ()-'E'[F "10%"& ()-[F
"10% " & ()-[F "10%"& ()-'E'[F "10% " &¢) - n\xN| N} NNNNNi M [* E' [ F

"10%"& ()-[F "10%"& ()-[F "10%"& ()-'E'-[F "10%"& ()-[F

"10% " & ()- NNNNNNNNel - [F "10% " & ()-[F "10%"& ()-[F "10%"& ()-'E'-[F
"10% " & ()-[F

Table 5
Examples Properties of magnetic recording medium
Thickness of [Thickness of| Thickness |[Co content
soft-magnetic inter- of (wt. %)
layer mediate recording
(nm) layer layer
(nm) (nm)

Example 15 400 5.0 20 3
Example 16 400 5.0 18 3
Example 17 400 5.0 30 3
Example 18 400 5.0 10 3
Example 19 400 5.0 20 8
Example 20 400 5.0 13 8
Example 21 400 5.0 30 8
Example 22 400 2.0 20 3
Example 23 400 8.0 20 3
Example 24 100 5.0 28 3
Example 25 200 5.0 28 3
Example 26 600 5.0 28 3
Example 27 400 5.0 28 3
Example 28 400 2.5 18 8
Example 29 400 2.5 10 8
Example 30 400 2.5 18 8
Example 31 400 2.5 18 8
Example 32 400 3.5 20 3
Example 33 400 5.0 28 3
Example 34 400 5.0 28 3
Example 35 400 5.0 28 3




"10% " & ()-[F "10% " & ()- NNNNNNNNdH, [F "10% " & ()-[F "10%"& ()-' E"[F
"10%"& ()-[F "10%"& ()-[F "10%"& ()-' E'"NNNNNNNOFH, [F "10% " & ()-'E'[F
"10%"& ()-[F "10%"& ()-[F "10%"& ()-'E'[F "10%"& ()- 000000 O¥G J, ' E'[F
-1 10% II&I() [F " 10(y II&I() [F n 10% II&I() IEII[F " 10% II&I()_

"10% " & () - #O. O COOLOROFOROsR2dy & 10988 ()- [ " 10%" & ()-[F

n 10% n &I () 1 El [ F n 10% n &I () [ F n 10% n &I () [ F

"10% " & () - RO-0000000k! +' F" dy&" 109" & () - dy&" 109" & () - dy&" 10%" & ()-' F" (dy
& 109" & () - (dy&" 10%" & () - 0000000N. dy&" 10%F" & () - dy&" 10%" & () - dy&" 10%"
& ()-' F'dy& 10%" & () - dy&" 10%" & () - dy&" 10%" & () - 00000000 POdy & 10%" & () -
dy&" 109" & ()-' F'dy&" 109" & () - dy&" 109" & () - dy&" 109" & () -' F' 0000000PN0 dy
&' 109" & ()-' F'dy&" 109" & () - 0% & () dy&109%" & ()- (' F" dy&' 10%" & () -
PPPPPPPPi M ' F" dy&' 109" & () - d = 0" & ()-' F'-dy& 10%" & ()-d
y&" 10%" & () - P(P, PLP2P<P=P>Pel - dy&" 10%" & () - dy&" 10%" & () - dy&" 10%" & ()-'F
"_dy& 109" & () - dy&" 10%" & () - dy&" 109%" & () - >P?PKPOPTPUP_P" PdH, dy&" 10%" & (

)Fm%f&ng & 100 () - Frg;za;P%S L8767 ﬁét%%%?@%ﬁ&fatb 32-‘53
%" & () -[PPPPPPPPPUhGdy &' 109" & g- @ lectrical
109%™ & ( -10F"10F"10F"dy&?109@R§f()-'F'dy&?lﬁ%@:&f() jy&'%@%@t&n@g PPPPPPPg
CuhGdy &"|109%" & (#3{"HA [" 10%r{s&n) ) - HA {" 10%r{&mn) - " HA} {" 10%(%&)() - HA
Example 15 0.9 11.4 2,000
Example 16 0.8 9.9 2,500
Example 17 1.0 11.9 1,900
Example 18 0.7 9.2 4,000
Example 19 0.7 10.0 2,000
Example 20 0.7 8.5 3,800
Example 21 0.8 9.3 1,200
Example 22 0.8 5.1 7,700
Example 23 0.9 10.7 4,700
Example 24 0.7 8.8 1,500
Example 25 0.7 5,400
Example 26 0.8 3,400
Example 27 0.8 2,800
Example 28 0.9 12.0 5,000
Example 29 0.9 10.7 2,000
Example 30 0.7 9.6 1,800
Example 31 0.7 10.1 1,500
Example 32 0.8 10.5 2,400
Example 33 1.2 12.5 1,500
Example 34 0.5 6.3 2,500
Example 35 0.8 9.5 3,400
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Table 5 (continued)

Examples Magnetic properties of magnetic recording
medium
Coercive force Sguareness
(M, /M)
(kA/m) (Ce)

Example 15 382.0 4,800 0.885
Example 16 246.7 3,100 0.86
Example 17 270.6 3,400 0.78
Example 18 151.2 1,800 0.70
Example 18 628.7 7,900 0.86
Example 20 461.5 5,800 0.96
Example 21 756.0 9,500 0.85
Example 22 306.4 3,850 0.84
Example 23 374.0 4,700 0.75
Example 24 278.5 3,500 0.70
Example 25 382.0 4,800 0.88
Example 26 389.9 4,900 0.88
Example 27 382.0 4,800 0.88
Example 28 529.2 6,650 0.91
Example 29 336.6 4,230 0.92
Example 30 643.0 8,080 0.91
Example 31 590.5 7,420 0.93
Example 32 269.0 3,380 0.93
Example 33 278.5 3,500 0.70
Example 34 285.7 3,590 0.86
Example 35 342.2 4,300 0.86
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Table 6
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Comparative Properties of magnetic recording medium
Examples Thickness of |Thickness of| Thickness |Co content
soft-magnetic inter- of (wt. %)
layer mediate recording
(nm) layer layer
(nm) (nm)
Comparative 400 - 20 3
Example 6
Comparative 400 10.0 20 3
Example 7
Comparative 400 20.0 20 3
Example 8
Comparative 400 30.0 20 3
Example 9
Comparative 400 5.0 20 3
Example 10
Table 6 (continued)
Comparative Properties of magnetic recording medium
Examples Surface roughness Surface
electrical
R4 Rrax resistance
(nm) (nm) (k€2)
Comparative 0.3 4.5 25.0
Example 6
Comparative 0.8 10.7 1,200
Example 7
Comparative 0.8 10.9 120
Example 8
Comparative 0.9 11.3 30
Example 9
Comparative 0.4 5.3 50
Example 10
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1. A perpendicular magnetic recording medium, comprising:

a substrate;

a soft-magnetic layer formed on the substrate;

an NaCl-type oxide layer for orientation control formed
on the soft-magnetic layer, having a thickness of from more
than 0 to less than 10 nm; and

a magnetic recording layer formed on the NaCl-type oxide
layer for orientation control, comprising a maghemite thin

film.

2. A perpendicular magnetic recording medium according to
claim 1, wherein said NaCl-type oxide layer for orientation
control has a spacing of (200) plane larger than an inherent
spacing (0.2086 nm) of (400) plane of maghemite constituting

the magnetic recording layer.

3. A perpendicular magnetic recording medium according to
claim 1, wherein a product (B,-t) of a saturation magnetic
flux density (B;) of the magnetic recording layer and a
thickness (t) is in the range of 1.13 to 13.57 x 10-® Wb/m (80

to 1,100 Gepum).

4. A perpendicular magnetic recording medium according to
claim 1, which comprises a coercive force in perpendicular
direction of not less than 159 kA/m (2,000 Oe); a squareness

(M,/Mg) of not less than 0.7 obtained without compensation of

demagnetizing field when magnetized in a direction
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(%o surface of the magnetic recording layer; an

M, ratio (M,/// M 1) of a residual magnetization (M.//) obtained
pa r r X

when magnetized in in-plane direction to a residual

magnetization (Mfl) obtained when magnetized in perpendicular

direction, of not more than 0.5; and an H. ratio (H.// H) of

a coercive force (H./) obtained when magnetized in in-plane

direction to a coercive force (H.l) obtained when magnetized

in perpendicular direction, of not more than 0.5.

5. A perpendicular magnetic recording medium according to

claim 1, wherein said soft-magnetic laver is composed of Co-

Zr-Nb alloy, Co-Zr-Ta alloy, Fe-Si alloy, Fe-Si-Al alloy, Fe-B

alloy,

6.

Fe-C alloy, Fe-Ta-N alloy, Ni-Fe alloy or Mn-Zn ferrite.

A perpendicular magnetic recording medium according to

claim 1, wherein said NaCl-type oxide layer is composed of AmO,

BaO, CaO, CdO, CeO, CoO, EuO, FeO, MgO, MnO, NdO, NiO, NpoO,

SmQO, Sr0O, TiO, VO or YbO.

7.

A perpendicular magnetic recording medium according to

claim 1, wherein said NaCl-type oxide layer for orientation

control has a thickness of 1 to 9 nm.

8. A perpendicular magnetic recording medium according to

claim 1, wherein said magnetic recording layer has a thickness

of preferably 5 to 80 nm.

9. A perpendicular magnetic recording medium according to

claim 1, wherein said magnetic recording layer has a center-
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$dD, 7Ch1. A perpendicular magnetic recording medium,

comprising:

a substrate;

an NaCl-type oxide layer for orientation control formed
on the substrate, having a thickness of from more than 0 to
less than 10 nm; and

a magnetic recording layer formed on the NaCl-type oxide
layer for orientation control, comprising a maghemite thin
film, and

sald perpendicular magnetic recording medium having a
coercive force in perpendicular direction of not less than 159

kA/m (2,000 Oe); a squareness (M,/M;) of not less than 0.7

obtained without compensation of demagnetizing field when

magnetized in a direction perpendicular to surface of the

magnetic recording layer; an M, ratio (M,./// M) of a residual
magnetization (M,//) obtained when magnetized in in-plane

direction to a residual magnetization (M,!) obtained when

magnetized in perpendicular direction, of not more than 0.5;
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and ‘an H, ratio (H.// H1) of a coercive force (H./) obtained

when magnetized in in-plane direction to a coercive force
(H,') obtained when magnetized in perpendicular direction, of

not more than 0.5.

12. A perpendicular magnetic recording medium according
to claim 11, wherein said NaCl-type oxide layer for
orientation control has a spacing of (200) plane larger than
an inherent spacing (0.2086 nm) of (400) plane of maghemite

constituting the magnetic recording layer.

13. A perpendicular magnetic recording medium according
to claim 11, wherein said NaCl-type oxide layer is composed of
AmO, BaO, Ca0, CdoO, CeO, Co0O, EuO, Fe(0, Mg0O, MnO, NdO, NiO,

NpO, SmO, SrO, TiO, VO or YbO.

14. A perpendicular magnetic recording medium according
to claim 11, wherein said NaCl-type oxide layer for

orientation control has a thickness of 1 to 9 nm.

15. A perpendicular magnetic recording medium according
to claim 11, wherein said magnetic recording layer has a

thickness of preferably 5 to 80 nm.

16. A perpendicular magnetic recording medium according
to claim 11, wherein said magnetic recording layer has a

center-line mean roughness (R,;) of 0.1 to 1.5 nm and a maximum

height (Rpax) of 1 to 15 nm.

17. A perpendicular magnetic recording medium according
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18. A perpendicular magnetic recording medium,
comprising:

a substrate;

a soft-magnetic layer formed on the substrate;

an NaCl-type oxide layer for orientation control formed
on the soft-magnetic layer, having a thickness of from more
than 0 to less than 10 nm and a spacing of (200) plane larger
than an inherent spacing (0.2086 nm) of (400) plane of
maghemite constituting the magnetic recording layer; and

a magnetic recording layer formed on the NaCl-type oxide

layer for orientation control, comprising a maghemite thin

film.

19. A perpendicular magnetic recording medium,
comprising:

a substrate;

a soft-magnetic layer formed on the substrate, having a
product (Bg*t) of a saturation magnetic flux density (Bg) and
a thickness (t) of the soft-magnetic layer of 1.13 to 13.57 x
106 Wb/m (80 to 1,100 Geum);

an NaCl-type oxide layer for orientation control formed
on the soft-magnetic layer, having a thickness of from more
than 0 to less than 10 nm and a spacing of (200) plane larger
than an inherent spacing (0.2086 nm) of (400) plane of

maghemite constituting the magnetic recording layer; and
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20. A perpendicular magnetic recording medium,
comprising:
a substrate;

a soft-magnetic layer formed on the substrate, having a

product (Bg*t) of a saturation magnetic flux density (Bg) and

a thickness (t) of the soft-magnetic layer being in the range

of 1.13 to 13.57 x 1076 Wb/m (80 to 1,100 Geum);

an NaCl-type oxide layer for orientation control formed
on the soft-magnetic layer, having a thickness of from more
than 0 to less than 10 nm and a spacing of (200) plane larger
than an inherent spacing (0.2086 nm) of (400) plane of
maghemite constituting the magnetic recording layer; and

a magnetic recording layer formed on the NaCl-type oxide
layer for orientation control, comprising a maghemite thin
film, and

said perpendicular magnetic recording medium having a
coercive force in perpendicular direction of not less than 159

kA/m (2,000 Oe); a squareness (M,/My) of not less than 0.7

obtained without compensation of demagnetizing field when

magnetized in a direction perpendicular to surface of the

magnetic recording layer; an M, ratio (M,/// M) of a residual
magnetization (M,//) obtained when magnetized in in-plane

direction to a residual magnetization (M,}) obtained when



-& () - b#b+b, b; b>b?bcG{[ ?Ls' " 10%A" OwW' 10% K" & ()-9w'10% K" & () - 9w' 10% K"
& ()-9wW'10% K" & ()-9w' 10% K" & () - 9w’ 10% K"

& ()-?b@FbGHLbPhShzZ: {[ 2Ls' " 10%OW' 10% K" & ()-9w' 10% K" & () - 9w’ 10% K"

& ()-9W'10% K" & ()-9w'10% K" & ()-) ?3; v" SbTbYb bf bkbobzz: {[ ?Ls' " 109®w' 10%
K' & ()-9w' 10% 78

magnetized in perpendicular direction, of not more than 0.5;
and an H, ratio (H./// H) of a coercive force (H./) obtained
when magnetized in in-plane direction to a coercive force

(Hl) obtained when magnetized in perpendicular direction, of

not more than 0.5.

21. A perpendicular magnetic recording medium,
comprising:
a substrate;

a soft-magnetic layer formed on the substrate, having a
product (Bg*t) of a saturation magnetic flux density (B,) and
a thickness (t) of the soft-magnetic layer being in the range

of 1.13 to 13.57 x 10-¢ Wb/m (80 to 1,100 Ge-um);

an NaCl-type oxide layer for orientation control formed
on the soft-magnetic layer, having a thickness of from more
than 0 to less than 10 nm and a spacing of (200) plane larger
than an inherent spacing (0.2086 nm) of (400) plane of
maghemite constituting the magnetic recording layer; and

a magnetic recording layer formed on the NaCl-type oxide
layer for orientation control, comprising a maghemite thin

film and having a center-line mean roughness (R;) of 0.1 to
1.5 nm and a maximum height (Ryay) of 1 to 15 nm, and

said perpendicular magnetic recording medium having a
coercive force in perpendicular direction of not less than 159

kA/m (2,000 Oe); a squareness (M,/M;) of not less than 0.7

obtained without compensation of demagnetizing field when

magnetized in a direction perpendicular to surface of the
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magnetic recording layer; an M, ratio (M,/// M) of a residual
magnetization (M,//) obtained when magnetized in in-plane

direction to a residual magnetization (M,}) obtained when
magnetized in perpendicular direction, of not more than 0.5;
and an H_ ratio (H.// H) of a coercive force (H./) obtained
when magnetized in in-plane direction to a coercive force
(H.') obtained when magnetized in perpendicular direction, of

not more than 0.5.

22. A perpendicular magnetic recording medium,
comprising:
a substrate;

a soft-magnetic layer formed on the substrate, having a

product (B,*t) of a saturation magnetic flux density (Bg) and

a thickness (t) of the soft-magnetic layer being in the range
of 1.13 to 13.57 x 10% Wb/m (80 to 1,100 Geum);

an NaCl-type oxide layer for orientation control formed
on the soft-magnetic layer, having a thickness of from more
than 0 to less than 10 nm and a spacing of (200) plane larger
than an inherent spacing (0.2086 nm) of (400) plane of
maghemite constituting the magnetic recording layer; and

a magnetic recording layer formed on the NaCl-type oxide
layer for orientation control, comprising a maghemite thin

film and having a center-line mean roughness (R,) of 0.1 to
1.5 nm and a maximum height (Rysx) ©f 1 to 15 nm, and

said perpendicular magnetic recording medium having a
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more than 0.5; and an electrical resistance of 100 to 8,000

k€ in the case of using the soft-magnetic layer made of metal
or alloy, or 100 to 30,000 MQ2 in the case of using the soft-

magnetic layer made of an oxide.

23. A perpendicular magnetic recording medium,
comprising:

a substrate;

an NaCl-type oxide layer for orientation control formed
on the substrate, having a thickness of from more than 0 to
less than 10 nm and an inherent spacing of (200) plane larger
than a spacing (0.2086 nm) of (400) plane of maghemite
constituting the magnetic recording layer; and

a magnetic recording layer formed on the NaCl-type oxide

layer for orientation control, comprising a maghemite thin
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not more than 0.5.

24. A perpendicular magnetic recording medium,
comprising:

a substrate;

an NaCl-type oxide layer for orientation control formed
on the substrate, having a thickness of from more than 0 to
less than 10 nm and an inherent spacing of (200) plane larger
than a spacing (0.2086 nm) of (400) plane of maghemite
constituting the magnetic recording layer; and

a magnetic recording layer formed on the NaCl-type oxide

layer for orientation control, comprising a maghemite thin
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magnetization (M,//) obtained when magnetized in in-plane

direction to a residual magnetization (M,l) obtained when
magnetized in perpendicular direction, of not more than 0.5;
and an H, ratio (H./// H) of a coercive force (H./) obtained
when magnetized in in-plane direction to a coercive force
(Hl) obtained when magnetized in perpendicular direction, of

not more than 0.5.



