;e3e.+ (6T r 1 TITLE OF THE | NVENTI ON: MAGNETI C RECORDI NG MEDI UM AND
PROCESS FOR PRODUCI NG THE SAVE BACKGROUND OF THE | NVENTI ON: The present
invention relates to a magnetic recordi ng nedium and a process for
produci ng the magnetic recording nmedium and nore particularly, to a
magneti c recordi ng medi um conprising B spinet-type iron oxide thin film
conprising maghemte as a main conponent that is constituted by grains

havi ng VRS A98 9 ;\_size and an excellent grain size distribution,
and exhrpits-a-Hrgh-toererve f orce and an excel | ent squareness, and a
process for .pr i net.i ecor di [ [ I strially and
econonicalIfaﬁggﬁﬁkn%&?@gpgﬁ%nﬁ%gggﬁtggéaFgecgggH%%%e@%@ﬂ%%@ggding
apparatusesqﬁé been nore increasingly denmanded to provi de magnetic
recordi ng media having a high-density recording property and a high
reliability in order to deal with a |arge capacity data such as various
back-up data, images and audi o data. Especially, in hard disk drives, there

has beefh@&dRINK YN auendeRiyek.a mniaturization and a high reliability
in accordance wth rntornmation devices being mniaturized and systens used

t herefor beithe R@Hened ihQcha¥Bnarbl ghetetbalihbdyet1d W ERFALRy sati sfy
such properties, the magnetic recordi ng nedi a have been strongly required
t 0 havengtitunonring @& hirghesgeforvprbouctngbthe ahsenexiv hiécardiass noi se, an
2 excellent durability and a reduced di stance (nmagnetic spaci ng) between a
magnet ineedietor dirdg moapepaandcal safpet to headondsicragmirdineomdiug nedi a
havi ng a high coercive force, there are wi dely known magnetic recording
medi a conpiisiing & sedsefatrrandranneyheéei ehihi Bl ¥n | ganrimidion t he
substrate, in case of the hard disk drives. The nagnetic thin filns

pract i GHINEMILEd disn enEGABt FeMPeBeRHi FgRFretF aCaret Yekerdl Py TIssi fied into
magneti.c al | oy tgéﬂ films such as CD:Cr-bqied allq¥ thin filns and magnetic
oxi de RS IBE™8dch 2YETEFPNEF 2 LY p&LFT 0T Dx TSI HT I §7 T b S 5g
maghem {.e .as main conponent .. Th nef, i lloy-thin fi such as
Co-Cr-E%fg'%ﬁﬁ%ifnfh%ﬁggfﬁﬁéglﬁgv% g?g%e%%§5§§¥%r%%5%% ?W%Egﬁs not | ess

than 133 A2 S0 CRksstOUBNCL  pLORSES Bt LOYo BRI Y Sc}f%?i’ﬁgg{sé’%fend to

be readily oxidize therefore, deteriorated I n stabi as
magnet ixedyxeReit nRSiivnt Ant B pASs3geiff 1V d8a ddordbiedalie, preyv@ant the
deterioration of magnetic properties due to oxidation and enhance the

dur abi Imaryhert.he surface of the magnetic alloy thin filmis coated with a
protective filmconposed of carbon, Si02 or the like having a thickness of
usual | y abouin FecentOyearsr e$nl hégget hc unelesidin | anpamsmides magnet i ¢
spaci ng corresponding to the thickness_of the protective layer. On the

ot her ﬁ&ﬁdﬁﬁﬁﬁbHWE&néFF€e6§FH§1Yhﬁﬂm??@%% SACPH &L DRI ASe i ron oxi de

thin filmconpri si hemte as a i n, conponent, are excellent jn
oxi dat i¥ST FEL Sk S agﬁgvgng a hfgh-ggh51tyr¥gcor ing property ané a

high reliability in order to deal with a large capacity data
such as various back-up data, images and audio data.
Especially, in hard disk drives, there has been a remarkable
tendency of a miniaturization and a high reliability in
accordance with information devices being miniaturized and
systems used therefor being required to have a high
reliability.

In order to satisfy such properties, the magnetic
recording media have been strongly required to have not only a

high coercive force, but also exhibit a less noise, an

IR LU
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3 corrosion resistance due to inherent properties of oxides. For this
reason, the magnetic oxide thin filnms can show an excellent stability

i ndependent of the passage of tinme, and a | ess change in magnetic
properties with the passage of tinme. Further, since the oxides exhibit a
hi gher hardness as conpared to netal 8, the nmagnetic oxide thin filns can
al so show an excellent durability. As a result, in the magnetic oxide thin
film j f~ s pr ti I rys\afl [ - La :

magnet FeCaH TG R e ahd Feqiead Gitteats, TraaRerLsorrbaibal

Ot t e gk of Ofynd . TRINE G 10Xie o B hpbABreaNgxhIbi t a smal

magneti ¢ spacing as conpared to the nagnetic alloy thin filnms, so that the

magnet i c oxpgenddiidy fd | MR- E RPHISUN MRS nkok hhgnPEeduet;@nseice

hi gh-density magnetic recording nmedia. It has been attenpted to enhance a
coer Ci ¥Ref O &€ Ofidd18y SRide] HiagpRtilkor@ordenthinedik! BoepRRPEiayNg Maghenite
as a nmain conponent by incorporating cobalt thereinto. However, with the

i ncr easebs trgodadid contastiet itdhaldpi mallnt ¥pemetobnoxhdestibsarktem ¢onpri si ng
maghem te as a nmain conponent tend to be deteriorated in stability with the
passageasd¢ ¢f nehalverd Gidderde viesf.l uences of heat or the like. Wth the

i ncreasi ng demand for providing magnetic recordi ng nedi a capabl e of

hi gh- densi t Vhe gtagnitig; thirhds vsewresdquiceddyt usedhanceagnebecci ve force of
the magnetic recording nedia. In_addition, in order to reduce the noise due
t o t her peeldinharadla axre rnanidnet icd aseddigindnrednashgtéchaéhoyequired to
have a thin_pagnetic |ayer and_a snooth surface. Further, in order to

obt ai ntREYNEt 1S 1B AHhF T RaATRN Ad1RY tR1iRi dhlMEceRdi R§IREEeFuti on such
as an excellent overwite. characteri.stics aor the_like, . the_magnetic
Fecor AP RGE T MR E bERFT Gl a0 kR BrE ackigh SRt SHeds. The

squar e f$ﬂg q@gﬁ - re [ [ nmeans a coercive squareness
ratio %&r&?ﬂ;e erée né%%&ﬂ%% %%g%eg{&éﬁ%tgg??dn of Thin Film Recording

Vedi a_publ iislicghdifd SEF TRANSAGH QSrENMAGNET! €5-cYobased, alboy 1, January
1, 1993, pages 286-289) in the case of a |ongitudinal recording medium and
a squarenessiInd | havd M /MerdiRd Fereasasohipar pendbeulagsr eggnding medi um
The noi ses caused from nmagnetic recording nedia are nmainly classified into
transikion (@jEEs Gad nbidukatirontheseealldhembtansals othemsskbsegepend upon
the size of magnetic grains constituting the magnetic thin film Therefore,
it hastér@nte depireatiily reditiecsh aader &pergifakn, sfetevfogabedsivonstituting
the magnetic thin film Al so) in the case where the magnetic recording

medi a Padtet B FestS il S MG L nBdaPREE6 R Snbil§Bs thPePBAE3EE Pherefrom
Thereforgé in order to reduce the nodul ation noises, it is necessary to
inprof&”% surface snoot hness of the magnetic thin film On the other hand,

|0 order tord ouge: e SRS 026G 10t RGRCLEC LERA g media, Tt 1

required to mnimze ei ght of a magnetic erefrom and al ways

al I ow theapgnel i gundead 4,0 R& idyiRg shabhye kRccanygpiiopgl paed disk
drives, nmagnetic recording nedia used therefor have been required to have a
cert ai gustddacsr raughnessedin ender, &oipr event ikhecgraaeienhgad from being
absorbed thereon owing to a neniscus force therebetween upon 5 st opping
t he magnetect headti Hovegiosess of Icaslioh,0fSioyr 6enthé npilow e@ning na t hese
hard di sc systens, magnetic recording nedia have been no |onger required to
have stietrienssl e e @UgRnessHtors Rlceventin) g rekel regget hcuhgadif&@m bei ng
absorbed thereon. Therefore, it has been demanded that a magnetic thin film
used i n¢hesee agmeddree triec apdidigonedira eaplonbihyg aomhe ekcekhess sfirface
snoot hness. At present, in the nmagnetic recording nedia using a nagnetic
oxi de the rofotegtisieceadtdre magnetic thin filmhas a thickness as small as
50 nmor less, the surface property of the nmagnetic thin film considerably
depends upoPnttae @fher swsir dthe magngtiesgkidei thinsfbhéwa seghiaed not
only to use a substrate having an excellent surface snoothness, but also to
devel ofPiRehniYRRsL¥Gr FPArdehdhisnddtiie fioRprikanguipgbematet g8 aagnetic thin
film As, conventional nethods for producin _spinel1t¥pe iron

maln component are excellent in oxidation resistance or



oxide thin filmconprising maghenmite as a main conponent, there are known,
for exanple, (1) a nmethod of formng a hematite thin filmon a substrate,
reducing the hematite thin filmat a tenperature of 230 to 320C to
transformthe hematite thin filminto a spinel-type iron oxide thin film
conprising nagnetite as a nmain conpochent, and then oxidizing the

spinel -type iron oxide thin filmconprising magnetite as a main conponent

at a t o & ol 290CLO HI0C) (RheANE LG, Of 10U NG, A 80 el - type T on

oxi de T m conmpri sing nagnet i onent on a substrate,

and t hen 1@ %‘e%t%ohhetﬁ%' REEnE¥RE b!c?&eot‘hﬂ‘? fmﬁﬁi %é | ng

magnetite as a mai n ¢onmponent at a tenperatiure o 0C, or the

like. Hu C%Lrl%rn@rs% alwelﬁeetsenateﬁﬂatfﬁert@ogéséé)gepcspdtﬁrétg #hFR net-type

iron oxli thin mcorrprr sing maghenmite as a nal n component, there may be

eXG”D'ﬂééseQ:Ha@a? fQ'n' 91 Rgt%t ?991§e1:81é‘9dwit19”t1§é’ pdesAROVer neiid oned
nmet hods (1) an hod of formng a spinet-type iron oxide thin

film %xadhéir)d%ﬁ_'n@)éeﬁ:h%oBSRQ&éQ 8knhOhit Va Ohidher | hiedddapanese Pat ent

Publ i cati on (KOKOKU) No. 55-21451(1980)); (4) a method of conducting a

Sput t erampgaradeatoreritalsi, ngha haggeticookadai tigikreSl¥naiscan nEligo conponent i n
an inert gas atnosphere containing 1.5 to 5% by vol une of oxygen to

di r ectdhowf ermexdelllensf dyprBei03tyJapsseserdatlent iPukidhiec awiome tLKOKOKU) No.
62-49724(1987)); (5) a nmethod of deconposing a vapor of a metal chelate, a
met al qmrdsaormmorflflerr@eeneblebneasn@ﬁgaﬁeroeer@ttﬁavqrret%reltrr@tﬂaﬂe isa et al
carbonyl or ferrocenes contai ni ngéM wherein Mrepresents at_| east one

rret aI esseﬂeé’t,ttlé’é ftr%r‘rrleheagpeﬁﬁ%e Ptétrlrrrgnotlbb cay)bRreqiceOr Ti, V and

ther wrth an oxyilgi as in a_hi epsity ressure reduced plasm
by ap ¢ f E‘IH’ tH@FEF%d t of r et Y IBITH Jr‘r‘g a
spi net tyerron |deth|n | hemte as amarn conponent,
|nd| catheé30 fhéncr%)r;tmgafapoFx (f—Le i/k 5 and 3% & funber of 0.01 to

3 7811 4@533%5%% el Jnagﬁeeig E?tsyt tﬁpﬁ'ffﬁtéons&atﬁa@@fré(Komr) No.

treating a spinet-type iron oxide thin
film eREdSINGxTRENehihe Ffaimd BRENcSOIRENCHie Al fEr tENP U@ i | ess than
240C using an el ectron cyclotron resonance (ECR) 7 plasma to transform
t he spimeétidnqaensiey axgaettibi petbldingnpedsa ng magnetite as a main
conponent into a spinet-type iron oxide thin filmconprising maghenmte as a
nmai n conpondnthas) deenesé tRapentl Pppenkantemn LedekCpen {HKOAIJL Nde
11328652(1999)); (7) a nmethod of subjecting a spinet-type iron oxide thin
film @mmﬁlsutn@errag@et crddgs thimaf Al orpopehting Ragierhe taed nent in an
oxygen at nosphere, and then conductin eat treatnment in air to transform

t he spitét nEndn Xt AECERPREF 1 1eh g?)lﬂi‘)r’f s?)?@r%%tr fEYEYeE  mai n
| h f | h
conponent into., Pﬁﬁ%lf‘%%gg 2§f§ja?or8{§% ;[kle %\:%Egir(l:e rising neghenmite as a

mai n corrpone i Mt - tYpe i ron oxide

thin f GYYRY iSi qﬁgﬁt &ﬁ‘ﬁi aver age
grain ds}% z@ee are defgcl??be %hgaﬂégge %n%gr@ I cat LarrgL ?’Id ( KOKALI)
Nos. 3-of %Elﬁe]t:%%@oréﬁéddfﬂalE@gﬂii@@@w1@1@p@5@§€ St Publhe afjeon (KOKOKY)
No. 6-61130(1994), Japanese Patents Nos. 2840966, 2829524 and 2983053, etc.
As desw ideRebrige "iGENalness, o¥Oheal4or Nohe 11{KH89), pp. 22-23, a
relationship between the fil mdeposition rate and oxygen partial pressure,
when an irontdxitlhe doepeasdnphdaménénfdy mrepidimer imgmetiwod, is known, and
it indicates that hematite (a-Fe203) is deposited with | ow deposition rate
i n hi glesrondieoxyrgéa papeide pfebsoghedensipy esererding hakt Been keterongl y
required to provide magnetic recording media conprising a spinet-type iron
oxi de nefyiHed e Gmbenseng ragherveefasca i tch%dmfmremc IRfding 8
constituted by grains having a small average grain size and an_excel |l ent

gr ai n R§FS i gf“r PRELFSAR bl 53Dt W h MEIFE Fﬂélrecé‘r tofever, the

convent |qonal netic reﬁor di n% medi a far .to sa leﬁ/ se properties.
Narrel y'€44# &Smetth§dgeg ?taﬁdr?ﬁ?r P Bprtet“1Ype’TTon oxide thin

frlmcogmp#rsrcﬂg{r netitgasarrargc onent stake out into atnospheric
air, Celt S0 Po™8R1 a5} ¥Tedt %POOa eBertitUre of 290
0 AS0G e oy, oblalning Lbe . sPhighctype | rndﬂ)fn%qﬁ cshar Tl Gompr i sing
maghenm e as ‘a main corrponent B5E S

necessary to conduct the heat treatnent at a terrperature as high as not

| ess than 290C, there arises such a problemthat the obtained thin filmis
deteriorated in nmagnetic properties such as a coercive force, squareness or
the like, due to mgration fromthe substrate and the underlayer, and the
grains contained in the thin filmtend to be increased in grain size.
Further sr nce a mat eri al of t he substrate rrust be seI ect ed fromthose

g, 1. . -, . o r - " r "



thin filmconprising maghemte as a main conponent fails to show a
sufficiently high coercive force required for magnetic recordi ng nedi a
despite excel l ent squareness such as coercive squareness ratio S* thereof.
Tn the nmethod (4), since the spinet-type iron oxide thin 9 film
conprising maghenmite as a main conpordent can be produced at a tenperature
of not nore than 100C, a substrate nade of a plastic material such as PET

i s apphi:cab et o caergl ve Sonee of ai ned magnetic
recor d?lﬁg%ngglgz&?ne?g&age o%v\@%%%oéflt%o_r e t%ane_%%l. %%k,&/ r% ?%633%@) , thereby
fal |1 ngrboaptaylde; asMBaNehd 1 HECOMdNhABMUT HadaadesHELE! satLy hi gh

coercive torce. e nethod (5) for producing the cobalt-containing

spi net yekpe rbhORradi 8 Ehh it | Micmrd gl @ahenirhe 8guar8ak g conponent ,
since such a spinet-type iron oxide thin filmconprising mghemte as a

mai N CRRReABREACAR bBRePpLEsEeE AlvahSUlstnalrs tLmRRrtWee sofiagBadks50C, a
substrate nade of a plastic material having a | ess heat resistance, such as
pol yestratiopgkysirgreneed efepdhadiate @nd-qralerdradeoncat eiusedlmher ef or.
However, the resultant magnetic recording nedium exhibits a coercive force
of aboBecd38iké/ Mefia/0fukk)siedd NostIERR THRIAITITONS( 6N, MABNESBCEet - t ype
iron oxide thin filmconprising maghenmite as a mai n conponent can be
produc¥alat 28, t Neat L ngleenpey at ure® ¥, Irsges RE6-240C dnl yhisy caseacium
process and, therefore, can be prevented from undergoi ng adverse influences
such a3 éengakifanpbnraper$ing dredrn: & & RPYaH SPeSGuERtdrR 6f magnetic
recordi ng nedi ym havi ng an excel | ent, surface snoqt hness., However, the

obt ai né¥ErfghetPc tP8cEREF not MREFRFRFE YA & IR T S ent |y hi gh

squar eness. bn t he net hod é ossi bl e tao.produce a_nmgnetic

_ %) it isrg _ _
recordi ng mearuRPREFT ng* BFFXTETT IS ades n8§§*8n88 hi gh coercive
f . LK h t1Cs I I iS_heat - t ed
ne moepREsEYarn 8RR E el (i (B HIRAG1 L SapIlHes ShY TRGRPn BB ppbeat €0 11

under | aygr 206t oS URST 8L Eaepdh@Adidd Ahe a3 NN @ik PelaumEent i oned
Conpar ati ve Exanpl es, the obtained magnetic recording nediumfails to show

an excebhell t6gUALCORE S BS 10RE G MEn SqUALRBESSe! al t OhSE . bt her) in
t he net hods described in Japanese Patent Application Laid-Qpen (KOKAI) Nos.
3- 78114009t pdand 4&AU6R 4411 DP9 ragel ghapian esiezePatfertraPuisl | cati on ( KOKOKU)
No. 661130(1994), it is possible to produce a spinet-type iron oxide thin
fil m conpetsEngineghbai maorst i nehin cdogonent having a thi ckness as snal
as not nmore than 50 nm However, the obtained spinet-type irgon oxide thin
film conpri3iLf§  ndBhERPt 23R HeRf the MRTAEHL S H9cerCenexRrpie have
sufficieTtI¥ high coercive force.. Furthernore, in the ngﬁh@ds escribed in
Japane&e ' PEPefPCREE. SUBHYSRE, ™ AP IRGE3GES, PRSES 5BSEFHTE™ o

pr oducey,3, SPLOEL - § XPE 4LON OX| IR AT 0 d i1ldB OIS 1Rg JTRINGY g as a main
conponent, I'Ch i's consStitfuted by grains having a smalT "average grain

si ze, ﬁ@gegéﬁr?i £Bi SkPESTe 35 STBFd AVt HS hanne0ghEewevenint he

obt ai ned magnetic recording nmediumfails to show a sufficiently high
coerciyeifqorce. As a result of the present inventors' earnest studies for
solving the above problens, it has been found that by form ng an underl ayer
on a substraherhaf behezonsiud} | gy ardputterietde eddamerignietian oxygen-rich
at nosphere, conducting a reactive sputtering to forma spinet-type iron

oxi de thiaifhgl pfcoapnesiagreegnding enadia mdl niscommriesd ¢ t he underl ayer,
and then oxidi zing the spinet-type iron oxide thin film 11 conprising
magnet Midimszg FaYhngohpedentof i tregnrdorimhared dpievetroypeandon oxide thin
filminto a spinet-type iron oxide thin film conprising naghemte as a nain
conponéﬁW?YFhéléBWaF%%dm%%W?E%Qt%&ﬁﬁi??ﬂp§»é%¥%WQﬂﬁ¥391Whlc Ypri si ng

maghem te as a majn conponent _is constituted b raj.ns havj.ng a snal

aver agB°gYsrh1srse ]aﬁﬂdaﬁ%l%]%c%ﬂ\é’?ﬁ' d?%ﬁrif@iczé}/edi ?ﬂlrlinﬁume&%,a Hﬁﬁg‘exhi bits a
hi gh cggrci¥e force gﬁd an excel | ent squar enes with a_thickness (t) as
smal | 585287 568%H M PRE™ pF TRt T nvRmtd on haS Béen & F4PT8d based on t he
above finding., SUWARY OF THE | NVENTI.ON An ohj.ect of- the p nt invention
e Vo bR 8es THonerTS FRaBOT TG, nedh GRS s & 2opl BetBype | ron

oxi de. EB%BIEEE”EE8PB£M‘9%J§;BQ$'%“ ?enféc@s f@dﬂ:e‘?%ﬂé%%%ttwegﬂ' eBohS
constituted by grains having a small average grain size and an eXxcel |l ent
grain size distribution, and exhibits a high coercive force and a high
squar eness. Anot her object of the present invention is to provide a process
for producing a magnetic recordi ng nedi um conprising a spinet-type iron
oxide thin filmconprising naghemte as a nmain conponent, which is
constituted by grains having a small average grain size and an excel |l ent
grain size distribution, and exhibits a high coercive force and a high

o — o o N - o o Y



present invention, there is provided a magnetic recordi ng nedi um
conprising: a substrate; an underlayer fornmed on the substrate; and 12 a
spinel -type iron oxide thin filmconprising maghenmte as a main conmponent
formed on the underlayer, said spinel-type iron oxide thin film having a
thi ckness (t) of 5 to 50 nm being cbnstituted by grains having an average
grain size (D) of 5to 30 nm a standard deviation of grain sizes of not

for € tE@Bpé%?&‘oﬁqge@%éﬁéi% (f;g&fd).aﬁgoééglﬁfgveéé‘% LA .Sciz‘_zec%l‘{x@er{‘to the

t hi ckness an fting a coéercive force of not |ess

than 1?1%;3%8{7&%&?} 000 GRdsanfh .y CASLCLYSeAUAr ROGASL{Al1ocSFaplgnot | ess

than 0.51 in a longitudinal recording mediumor a squareness ratio not

| ess 1han:i 0 Havd b MEIRSREHCHRH11-8R0EEI REvERGLUM a | Suprseeond aspect of
the present invention, there is provided a magnetic recordi ng nedi um

havi ngreugené € - fb P r@an iRy tok Qadnbeid. Bl aREm A&ty A Hebaht (R-)
of 1 to 12 nm conprising: a substrate; an underlayer fornmed on the

substr ahereand atEPigTRIret Ype hbeNbexh d@ehdihded i thatC apidgidig daghieni te as a
mai n conponent fornmed on the underlayer, said spinel-type iron oxide thin
fil m havimgused hirckttess (Maorefititc trecb@dhny hedhg erhibitsitadndwye grai ns
havi ng an average grain size (D) of 5 to 30 nm a standard devi ati on of
grai n skgesleft notrfare sivathhesm.and a ratio (D/'t) of the average grain
size (D) to the thickness (t) of less than 1.0, and exhibiting a coercive
force of nokt|e®sseman UY5S P2LogoTeEPrantd aneded ciyE S gluar eness rati o
S* of not less than 0.5:1 in a |lqgngitudinal recording nmediumor a

squar eRRgReTiF i ida Fhigt §idEs ERAFS0LRS: HepRehlpetpehdt tH df2$ et or di ng

medi u In a third aspect of the present ipyvention, there is provided a
pr oces SPFOFIBF DAt T - Migdt 1 PECORAPg HEAPURT ECONGTIRTRG 197 i ng an
underlgggrmgghékf%ﬂgﬁ{ﬁﬂfﬁlm considerably depends upon that of a

substrate. As a result, it has been required not only to use

a substrate having an excellent surface smoothness, but also

to develop techniques for further smoothening the surface of

the magnetic thin film.

As conventional methods for producing spinel-type iron

oxide thin film comprising maghemite as a main component,

there are known, for example, (1) a method of forming a

hematite thin film on a substrate, reducing the hematite thin

film at a temperature of 230 to 320°C to transform the

hematite thin film into a spinel-type iron oxide thin film

comprising magnetite as a main component, and then oxidizing

the spinel-type iron oxide thin film comprising magnetite as a

main component at a temperature of 290 to 330°C; (2) a method

of forming a spinel-type iron oxide thin film comprising

magnetite as a main component on a substrate, and then

oxidizing the spinel-type iron oxide thin film comprising

magnetite as a main component at a temperature of 280 to



subj ecting the underlayer to sputtering treatnent in an oxygen-rich

at nosphere using an Fe target, an Fe alloy target or a target conprising
iron oxide as a main conponent; conducting a reactive sputtering using an
Fe target, an Fe alloy target or a sputtering using a target conprising
iron oxide as a main conmponent to fofm a spinet-type iron oxide thin film
conprising nmagnetite as a nmain conponent on the underlayer; and oxidi zi ng
t he spggﬁg-ty IS &ﬂ r&ﬁégﬁe thin filmconprising nagnetite as a min
conmponen Fo ranstforminto a spinet-type iron oxide thin filmconprising

nagher te g, AR, LOMANGAL B LOURLD ASPRERSOEoLNE present Lnventi on,

there is provi a priocess for producing a magnetic r I ng i um

conprié%fﬂé%iﬁgg@ NG a0 HARS LaYer rSONPELSLRYsInG nABhahitbi fsfilmor a O
I N | (0]

alloy t n a substrate; subjecting the underlayer to sputtering

treat Rt 1| AoRBo NI e N d @ il MPePR]ERPYS FREgaRnEe fH /1 Rt ng e Fi8odk | Oy
target or a target conprising 1ron oxide as a main conponent; and

conducih Ngadi £ £ee t oy P W Rid-igntS bRBaamekbBobar 9l agd Fg) al l oy target or
a sputtering using a target conprising iron oxide as a main conponent to
forma spinedytypeetidah oiXifdantihion af sbtimedrpyiei hgonaghedet €nds a main
conponent on the 14 underl ayer. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
First,file omgoetucdedcoradi ngmpedednodf CrheVppesehe Liokentiapenaseescri bed.
The magnetic recordi ng medi um of the present invention conprises a

subst r B eentnPulidierd biyasy KOKQEY) oNot hE5sdb4br 4l 880ahd a spinel -type iron
oxide thin filn1conprisiqg maghem te as a nain,congonent, formed on the
under | ayer. ($s Qfﬂ?%@%%ﬂ?aﬁé”%@@&lpﬁ PhEPPEESERTI RYRAETORY “HEPS Fmy be

used plastic substrates or filnms nmade of pol yethyl ene naphthal ate (PEN),
pol yel HTERE TEREHLING A0t e TR :CIRRIERLBE Pat S8R5 GRenum

substrates; or the like. Anmong these substrates, the glass substrates are
prefer?%ﬁPSPhere containing 1.5 to 5% by volume of oxyden to

directly form a film of y-Fe,O; (Japanese Patent Publication

(KOKOKU) No. 62-49724(1987));

(5) a method of decomposing a vapor of a metal chelate, a
metal carbonyl or ferrocenes containing Fe, and a metal
chelate, a metal carbonyl or ferrocenes containing M, wherein
M represents at least one metal selected from the group
consisting of Co, Cu, Rh, Ru, Os, Ti, V and Nb; together with
an oxygen gas in a high-density pressure-reduced plasma by
applying a magnetic field thereto, thereby directly forming a
spinel-type iron oxide thin film comprising maghemite as a
main component, indicated by a chemical formula: (Fe;_,M,),0;;
and x is a number of 0.01 to 0.1, on a substrate (Japanese
Patent Application Laid-Open (KOKAI) No. 3-78114 (1991));

(6) a method of treating a spinel-type iron oxide thin
film comprising magnetite as a main component at a temperature

of less than 240°C using an electron cyclotron resonance (ECR)



In the present invention, as the underlayer for the spinet-type iron oxide
thin filmconprising maghenmite as a mai n conponent, there nmay be used a
single-layered or nmultilayered underl ayer conposed of at |east one thin
filmselected fromthe group consisting of oxide thin films of a NaC -type
structure, and netal or alloy thin fi7lnms of a bcc structure or a B2
structure. Exanples of the oxide thin filns of a Nad -type structure my

i nclude.nickel oxide thin fil Jmagnesi um,oxi de_thin _film, cobalt oxide
it PHAEGR FRCT TRt ol i G S e Pot 2o f 4 Pos PLRI FL R ms of & bee
structure 1r_,rgé/.inc ude a .G netal thin fil filnms,such as a Cr-M

Chint PP wgmﬁﬁ*ﬁ 1 AF e tCﬁ.mﬁOF”ﬂ.er% 4RO ShifiB e s @ o
j A £ GRY CRTRPET a
(ool LPel B8 Shah B M sl i BXAMPLORa O EOfRBRLEY (0]
fil i :hj fai:l h i | i hi fil h
ool JEBERLLE Cra NIRRT Ll aTopabnQBIALS B, 882 MM L Do

filmagegpee{esg&py . The underl ayer used in the present invention has a

t hi ckness of preferably 10 to 200 nm nore preferably 10 to 150 nm still
nmore preferabj ya IRetod QF nmp Meennbhe khieknesspef ithe yRdgel eyer is nore
than 200 nm the obtained spinet-type iron oxide thin film conprising
maghent i Emasomfp s Ing angapiasitc aTays bemdihocbepdakati obabedlasmaur f ace

snoot hness. Al so, a crystal orientation and a spacing of crystal lattice
pl anestoéathenunteriayerycare appsperat ekpdcohenobbedubyifigl an deposi ti on
conditions. Since the crystal orientation of the formed nmagnetic recording
thin fEreeteehownpEin thexmnsdorst ithe 6Pinké-tnper Lager oxigebelsbres

possi ble_to allow {he magnetic recording nediumto be suitably used for

| ongi t Gt RaFCFREDT thhJnadte Pérp&fdiec IPar FEEBPAFRE pRFPoReSPhyetontrol | i ng

the orjientation of, t he obtai.ned magneti.c recordi ng medium The spinet-type
| ron okVES tHPh PSR CORgt i Sty SRAEReADE J6UACFAFR EOMpORRt actording o
the present invent.i t.hi ckness (t) of usually 5 to 50 nm preferably
6 to 4%013%?11%%? emf)ére eér%zél) ‘t 8r4%§lﬁm(ltl%7\ﬁén t he thickness of the

spinel type 4100, oxb e L hivhd B SR chIAN 30N by bepRges difficult to

uni formy magnetiZe the magnetic thin filmup to a deep poriion thereof
when shggnbsies eas ef aidad ddpieent: hBerabyaf ainklngater 9§t agrageod recordi ng
and reproduci ng 16 characteristics. Also, the thickness of the

spi nel siypeare adenxdt de=d him Japameise paeterabpplisashahl Lasdposenbl e in the
consi deration of reduction of nmedia noises. The spinel-type iron oxide thin
fil m of KOR&I pr¥sent 3+ (199 1i)s aadsgir-aél/6R¢pe9P2bn Sxpaeesdi Paféhtm

conpri siggarraghem'te as a main conponent, which has a structure,

r epr esBHPSHCRYL oh el HRIHHRI Noor fred 139 (8363 . TRBARRAE| B2t eRES siPhel - t ype
iron 0x] in_fi of t r nt invention nay contain Fe2+ in a small
anmount 55%5%%& a%%%/éﬁfl ﬁ%%ﬁ%%gf &€ more than 20 ~ by weight. The
spi nel -type,iron_ oxi.de t.hin £il m.conpri.sing ghemte maji n conponent
may furt herA%:on %l%l%edp)rlé’ldetclzaeﬁr%mﬁgg arrgé%t' %fq?c@%m% §g§8?}w‘pr%1\3/i ng a

coer ci yg_ 491 ced Lher Safen H1eceONLRAL 0l B3R AEbatyPEe| 108 OXi de thin

filmis prefer y not nore than 20% by wei g nore preferably 1 to 10% by
wei ght oRagsed of-Fer1 Witk e Coneantent rbs BRE8et RanpdR%a bynyei gty it may
be difficult to obtain a nagnetic recordi ng nmedi um havi ng an excel | ent

st abi | by yai sgepeadiand ftidie pasxagenof ahtinkt Mabvwbtée, thhe spinel -type
iron oxide thin film conprising maghenmte as a main conponent according to
t he prHéﬂé\{:ité‘V@(ﬂiFﬁbﬂBYsCQéﬁ)@bﬂtedfwi@quldv@@e;ﬂﬂ;i@ihﬁf Rltemept than
cobalt such as Mh, N, Cu, Ti, Zn, C and B which may be ordinarily used
for inproving various properties thereof, at a nolar ratio of the el enent
to Fe BISABHUEND. TOTIN (RPXEPGIt PGSFEUIS - The addition of these el enents
facilitates_the production of rraq%zeti c rgcor di ng gﬁdi a havi n(g a high
coercive A7 PHrand Ll 8P efETORdaY eRETE I T §Het e pPREYLESpe i ron oxi de
grains_contaj ning maghemte .as a nai.n,conmponent ich constitute the thin
film ofeeRetbr e’%% r MSIHR, SREPE 1540 gy 8r 552 G aFPSi Ze°% DX i€ usual |y 5
to 30 ggnlgrgffrabl 5 t.0 25 nm nore greferably g to 20, nm, The average
grain y 1 ne S e quep&ﬁeo Pdé S?éiqng RIS an ‘%Jecf gjeS val ue of
the di anmeter of each of grains observed froman i mage of the surface of the
spinet-type iron oxide thin film obtained by an atom c force m croscope.



The ratio (D/'t) of the average grain size (D) of the spinet-type iron oxide
grains to the thickness (t) of the spinet-type iron oxide thin film
conprising maghemte as a main conmponent is usually less than 1.0,
preferably not nore than 0.90, nore preferably 0.40 to 0.80. Wen the
average grain size (D) of the spinet8type iron oxide grains is nore than 30
nm the noise generated fromthe obtained nagnetic recordi ng nmedi umtends

t b ti t i a1 i b

it oaPRer EEePed P LAl d 3 AnPe) el 108er R Binlofue bulNDC e
i ron oxl i tad U 1 a 101G =] whi ch
Lonsti%ﬁ?glgﬁgtP%?égﬂn%%%%#E%%g?qﬁggﬁgaf %ﬁ?é%?#gﬁsggggeﬁgggtanhard

deViatb@@r@iv8r§$fb§jZ%%w%@e??U%béYpBﬁ%gHE&@néfaﬂaéné%ﬂcF%é%é%&&ﬂd’nOt nor e
than 3 nm Wen the standard deviation is nore than 4 nm the noise

generaﬁggi£r9g11r@bcgggﬂggyiﬂH@g@e%&QﬁngQ@@Lng medi um tends to becone

| ar ge. Anong various paraneters o e surface roughness of the spinet-type
iron oxide f&hel¥) | A coerdlsiveg merglde® t(€ )agnd (218 BReENspOAPLAEHbe t he
center-line nean (Ra) thereof is preferably 0.1 to 1.0 nm nore preferably
0.1 toibof owridstthin nfirlen proefeeriabing ebnieai@e8annp madnt hempaxenum hei ght
(Rmax) thereof is preferably 1 to 12 nm nore preferably 1 to 10 nm stil
mor e piefeakéhyout timt mmdAertice adent end ifnetheanstRagcaad the nmaxi mum
hei ght (Rmax) are out of the abovespecified ranges, the obtained thin film
may tePdidatben dereainant af ian teiceaed ugeopér By Oang #APPCt othebobye

hi ghdensity pagnetic recaordi ng nedia. The s%LneI1type iron oxide thin film
conpr i SPhyl PR et SRS TR ddPPoredts AhdRgheLNcCPEREFEIRY nedia of a

| ongi tudihal . recording type has a _coefcive squareness rati.o S* of usually
not | CHRERRBHES S0 el RS - GOT Y 98 1ERRRE AR abl y 0. 65:

to Q. 9§i&ceVY‘§”'§'}?e&é’se_{ Cx‘éyecbos%%gu%‘i‘:s.Sch%a‘ffegts’érbétﬁgﬁtoétt e .
above-specified Tange, % obt ai ne spinel -type iron oxirde thin film may
tend to.RScHetrd atedy nOVRRWILE ¢hanrasherist kasrandyr;tbserefone, be

i nappl i cable to magnetic recording nmedia. The spinel-type 1ron oxide thin
film camprosiag tRghaid ems idcdRicthieOFRQRENE BBrBRgBeLLEqr egor di ng medi a
of a perpendicul ar recording type has a squareness ratio S (M /M) of

usual | yagqoet 1 @ gsrdgent s/ Eubh prekercakehy i0e8d@vtcto dglaten®¥enot he
squareness (M /M) is out of the above-specified range, the noise generated
f r om t blee obiké¢ nedhe Hio riduatmepn Beconmtheasydstrhteebypdf 8hei ng to provi de
sui tabl e_magnetic recordi ng medi a. The magnetic recording medi um havi ng an
under | BT EBYPOs D theh @TFRiNFe CORMLREMisT thRetBiBsEAL™ R9RAt FONn has a
19 surface electrical resistance vglue of preferably 50 to 3680 M52, nore
pr ef er’ 3Bl EHERFD, LB L SIS | FHOFBSPr eFEPEDI § BT When

th i i | e i h it Qs ted
Loy S E{BEE R S Ce ENAANC TR tholo® hEINL AN Blclbfent Ingde SXPoC €

oxi de LhifnsfihdR COY | SING MRINQTEA AT 2 TRENEOAPSASAL i 57 eSMELLHY in |ow
coercive force thereof. Further, when the netal thin filmor the alloy thin

film ofoashe€i Sid¢ Usidl & ah adaB2trsbhlCkihgel shesedimstife ndeltayer, the
obt ai ned magnetic recording nmedium preferably has a surface el ectrica

r esi st aueeinied uetrdsgieafier ailryy @Hetrd @l Mblse adiiéthegast peobeans di ng
medi um of the present invention has a coercive force value of usually not
| ess téach 159 & e, 00iha@e)on pmeftéealiyinl $9 1moby, d04tkpaAnt {21890 to
15,000 Ce), nore preferably 199 to 955 kA/m (2,500 to 12,000 Ce), stil
mor e pr ef er Bbl $hs T8 thnd 3B kAthe 4RFE0 Eeg §P0061OEYypeaisanupaifen

magneti zation val ue (val ue of magnetization when applying a magnetic field
of 1, SYOLKAF HTP 2EPE)S ¥iee MABLIBL Sp ST 8r HBI EQmPBnSBtV\gP%S(gQO to 420
emu/ c , nore preferahly 30.to 53 W/ 240 to 420 _enu/cnB), still nore
pref erab?y 3154 %ﬁ?@%ﬁ%%}ngbCPgrEQUeg%E&EWBf?qHé§F§ ?HE ﬁ?éﬁ%%%cfor
producing the magnetic,recqrdin dium according to the present invention
e G TR P e Ho PG e e ST ete SRFRoGRL CPRCBRTT on can be
producedugy: éé% fgg;thgptg%izg&ning an underl ayer on the substrate,
subjec? ng THe™ T ortred uhde yer 'to sputtering treatnent in an 20

oxygen-ri Chx:?t{ﬁ)es%egéﬁod”(‘ﬂg anfe tt%reg%%)’in%'i-gggg! LYt 8&98{3. Phig target
conprising Troh oxide as a 'rain conponent, conducting a reactive Sputtering
using an Fe target) an Fe alloy target or a sputtering using a target
conprising iron oxide as a main conponent to forma spinet-type iron oxide
thin filmconprising magnetite as a mai n conponent on the underlayer, and
then oxidizing the spinet-type iron oxide thin filmconprising nagnetite as
a main conmponent to transformthe spinet-type iron oxide thin filminto a
spinet-type iron oxide thin filmconprising maghemte as a main conponent;

r o o ~ T 1



21 target, an Fe alloy target or a sputtering using a target conprising
iron oxide as a main conponent to forma spineltype iron oxide thin film
conprising maghemte as a main conmponent on the underlayer. In particular,
the production nethod (A) is preferred since the grains constituting the
obtained thin filmhave a snmaller avBrage grain size. In the present

i nvention, the underlayer is first formed on the substrate by an ordinary
met hod,..For exanple, an qxide underlayer aof a NaCl-t structure.my be
o oduc i By SRR I dras RS 08 epTrue: PrEBobER EXerd PTERHER Composed
of N, o] i ' t h o d_o eri s, and an
02 gas‘?yg'—?1 %3@%%du%$nog§%ogpu. t?é%r ﬁ?\lgnugmg%g £ a];sblgF is'g%%oééé%gogﬁl\?Q MyO
or C0Qy1 ALsoe fREeAd DYl B i O 8 BAGSLIUCEHELPD A Fyfducture my

be fo y conducting a sputtering u g various netal or alloy targets.

Meanwhitg, c@éré{]\ze SMéeerdfﬂetw%btfaagegr FRYnke igsggcamﬁ@%e@mn gas

selected fromt group consisting o ) Rr an e. The Sputtering

treat megt o5 m AR XK fFpsaher «agang , a28pukt er tRgrerpcess conduct ed
under such an oxygen partial pressure which allows iron ions having a high
oxi di zEag1 old | td YortSrRied rfa@radtike reabget ngneeddlinr Ba®ing hge surface of the
underl ayer. That is, when using an iron or iron alloy target, since an

oxi dat $0hf spbedt bf Hivh stodradeeoffotrdee.iron or iron alloy target is faster
than the filmformation speed, the sputtering treatnent is conducted under
such an oxy¥entlparmétiodprEssiive papdvlcangf thet cohbytogpdtziming 22 t he
surface of the target but al so considerably decreasing the film deposition
speed. SPHIQHUUFYRO M rethaxifs tdia tfildgecorPrLaiRPnG2oROR1BRi AR &s a main
conponent, the sputtering treatment i,s usually conducted under_ an oxygen
parti aP2hP eSS T ¥epabi B F6thien FPRERATIYRS( dEORe2B3Ye ot hef HHber | ayer .

Th tteri t ble in_th t i ti i t
par t | CTPHFT 7 TS TIEATH Crd g/ B8 SRYEGPogenSPal Py HSGU-Sptrtert ng

appar aé&é&ér%%‘%'ré‘a%é%oﬁgér@,‘ ozplétbto%q:i 49 oxppar @Eg?%i#?%&ééi 0g & target

hol der, "a su vacuum charber, or exanple, "C 3102"

(manuf.act u £d Hye ANELBA Qng LTReks HSH:25Qk: TPE) L MBuEAcLyr ed by NI HON
SHINKU G JUTSU CO., LTD.) or the like. In the above production nmethods (A)
and ( Byolyhetef orpongs theripiteelephypa laten aa8i geli/hnbdaé| | cagaseri si ng
magnetite as a main conponent, an iron or iron alloy target is sputtered
t her ei msedi tleetefsdutiongvarm xbd gasutbapbseagnét oxygsrpahichca rare gas,
and controlling an oxygen flowrate (CCM in the m xed gas as well as a
deposinedHun agxh (ks e )coariedvish f o genriodig ableatt ABR kKRYm 6h, THe Q@elder | ayer.
Meanwhi |l e, as the rare gas, there may be used at | east one gas sel ected
from tHe BPDup consisting of Ar, Kr and Xe. The oxygen flowrate (CCM in
the m xed s required for_.achieving a.suitabl.e magnetite depposjtion rate
(it Sec) vabF S Idiiticho Glnor o FPOae e oNRE 1SRG HELE T CPEBbE i ng | he
spi net - o i thin fil risi tite i n. conponent
by r ea%(%lf{l%glés{pg trggr%}gegmo%g %ﬁge g EH 8%91?% O:m Sﬁgnqggggl P%ypt?g?lg%%? E?%rgexarrpl e,
kind ande St 1t U Ofa SRW LR I1RG apPaRabug usedlyf bl M f esamthon rate, total
gas pressure, substrate tenperature, surface area of sputtering target,

etc. lprPasdd CAHA@S , thRIEdIad NEalnh®el peRvehteBOfrahl a¥dtaggehg the
oxygen-rich atnosphere in a sputtering filmform ng apparatus used in the
pr esenddvewent 1:10f1 udrRadss Arthataospheaisatishybng mnhersohethfi on represent ed
by the formula: Fo2/R > 12 wherein Fo2 is an oxygen flowrate (CCM in

oxi datremultrieat nentprahdtRdns cf magmettiite réepodihgomedate. hdatnexanpl e, in
the case of R= 2.0 (nmsec), the oxygen flow rate (Fo2) capabl e of

oxi di z¢reelirnt sgupriads swstothessst.haHorgverTCMhe | sbtdianeth cvwansitdduct i on

met hod (A), _the sputtering treatnent for treating the underlayer in an
oxygenteF e Hgroeghere fwsilfy t8 IS@OWalagéﬂl,ff&CFénégyoblglar@‘é‘t‘aﬁn%sﬁ ar get
conprising iron oxide as a nmai.n conponent _i s conducted at a substrate

t enper at ur eldf LR RRTRPD 0t 360ES é‘lsé&)éﬁl yO2BT PHUEH 0%, MIFRE-the
substrate tcglrggerat re i.s aut of the 33([%v%specifi ed rang,gﬁ)l it ma% be

di ffi cUFEOt G 'sUrT Eht13Y 8% & S S oFuEfﬁé‘cﬁrﬁ%ﬂ PAVEnt o In the
above Q{&jugéégcnivneetpoordcé.p\) Ho;[/vg'\erelsfpugsgleléle nghélrgaegnetic recording



for subjecting the underlayer to sputtering treatnment in an oxygen-rich

at nosphere using an Fe target, an Fe alloy target or a target conprising
iron oxide as a nmain conponent is preferably 1 to 20 seconds, nore
preferably 1 to 15 seconds, still nore preferably 2 to 10 seconds. Wen the
Sputtering 24 tinme is less than 1 B®cond, it may be difficult to
sufficiently attain effects of the present invention. Wen the sputtering

ti i d bt d thin fil d b

det or | BFARER eﬁaﬁsaﬁefn?%é’% pném o ptﬁé‘ﬁscu@gtr?ae'g ?&ﬁ%ﬁf%ﬁﬁt ta58d upon
forning %h% %gg % lggthX| 31 mﬂbégﬂgn %hngsn%gg te as a nmin
componen pro |on (?ﬁé 'S pre efa Iy t'o ‘nore

pref er gdﬁQt&Bn,zoggesl{l(ﬂﬁ r&.r% aé}Pé’ %e‘?tro%‘ﬁ%ﬁtt%n%%t H%ﬂp%%tﬂz@e thus for med

spi nel -t'ype iron Oxi Il mconprising nmagnetite as a main conmponent
I's thep.axidbzedca0doHE AP R d O 2 RISk %%%ubfnoﬁa@.xtbd%?t BhByfilm

conprising maghemte as a nain conmponent. Moré specifically,

transf gpmatien: ehit Bguarsddiel sidtPad e @xhde bR chiekm eQapkRi skng
nmagnetite as a main conponent into the spinet-type iron oxide thin film

conpri sing maghBal! €idStide M thHTRRRIN HEY ke Jepaduckedaby¥nany of (a) a
nmet hod of subjecting the spinet-type iron oxide thin film conprising

magnet rpbelagaaioni Datonpenen{KAKRDpWd=er ing stnaatseny eadan-oxygen-rich

at nosphere using a Fe target, a Fe alloy target or a target conprising iron
oxi de a87&2¢diA%2bnpoudeparidye Pateriio®udfl ivedtionr XOKAYUL hBospbnel type
iron oxide thin filmconprisi magnetite as a mai n_conponent in an
oxygenbédaPailAPAY; a%ﬁn%%ﬁ@ﬁ%ﬁ%éi%aQﬂnﬁﬁﬂﬂqcﬁgacﬁ@#ﬁéﬂ tyRre {EPna nethod of
heat -treating {he s inet-type iron oxide thin filmconprising nmagnetite as
a na|n°§6ﬁﬁogﬁh? fh %J?Omﬂ%&ﬁﬁ?qiﬂ%ﬁ??ﬁ&ﬁﬁb@§ alWaPHeCEHngﬁﬁ ation of the

f th f th bt t di di th b
RS i A S TR e
t I th t th t hod
oL SRR LR TE S LA SO BIG e eganL gttt et hod ()

transf aLghag;the,spk nxﬁélxﬁ YRS drih 048 & *E'on e '1%‘1Eogpéh§kﬁ.‘8;t8§9ft‘§t ite as a

mai n conponent into a spinet-type 1ron oxide t ' m conpri sing maghenmite
as a NaiBhCeBReBent, féhes e Ty thernsed,t ha maeméutb@&éa&@séﬂw atrure and
sputtering tinme as used in the method (A) of obtai ning maghem te by

subj ecUepgnragnBatéet tNoSPUREMEIG6EY (A82ATPENtaNGN 28830%5¢gener ish at mosphere
using a Fe target, a Fe alloy target or a target conprising iron oxide as a
mai N CORPEABAE. t%pec@peemmneyl HiRe siest oatidet shper dtlme is preferably
20 to 250C, nmpre preferably 80 to 200C, and. the_sputtering tine is
preferSBW9r15%693@a%%%%ﬁB%fﬂhﬁ%é“%Wbﬁ%W@Hﬂﬁfnf 5YP3CD015eEBRAEIEYERFI nore

prefer 2 to éo seconds. 1.n the net t he sglﬁet type iron oxide
t hin f 8Pﬁ3F| PP Fegreta te aé"era?gr?au%a& &ﬁ&nt ars hB&t8d in an

oxygens g&gt@ DLNgALIBSPhes &AL b LTRSLALY Bl RLELELADI ¥, 250 Lo 300C In

t he net e sprnet-type Iron oxide t m conpri Sing magnetite

as a ”Bb@a&ﬂ@@oﬂﬁﬁ£e£§cr%%ﬁoﬁdfﬁg‘%Edlunﬁw%lqg @Otgggergture of preferably
280 to 350C. The heattreating tine is preferably 1 to hours. Also, in the

sput t egligibieat 1RNhidisecbdrt ke fye@uction nmet hod (B) whlch i s conduct ed
in an oxygen-rich atnosphere using an Fe target, an Fe alloy target or a
target conprkShngestiDh OKitlee axr sdrl Nrsemorent ceatthessubstitiaée fenperature
is usually 100 to 250C, preferably 150 to 250C. Wen the 26 substrate

t enper ablivéngstbeat abdve her @bleaness s pacitfasedeeandgeundt thmy bg Gofhixalt to
attain sufficient effects of the present invention. The sputtering tine
used fen vhdespaverrPmg? tPuhatnaie.l mikeTorpgenctiion at Apspherengaccording to
the present invention, is preferably 1 to 20 seconds, nore preferably 1 to
10 sec&#83EMPRENLENEN SPAYISHHFR iaIsPhesss CoRFUCtiBE0AITSRELHES be
difficult to attain sufficient effects of the present invention. Wen the
sputteFPHﬁtFFﬁﬁglEon%?ﬁmt?wﬁP%RF%é@@ﬁﬁ§lxthéxd§€a héd £ALR film may be
deteriorated in mag netlca%ro erties. In the odu blon ge Eg B) of the
pr esenCORYALFENTEPRE Sth <t a?té“atmoﬁreel §&d Sohm FnAght he

spi net iron.o Lde t hi.n fllnt Mprisi as.ca, mai N conponent
is preﬁgﬁagpﬁnlﬁﬁl o le51) Cyhﬁnﬁgiﬁ) é?gbﬁﬁ%TSGQ%é én Fﬁ The present
invention, the sputtering treatnent for treating the underlayer in an
oxygen-rich atnosphere and the sputtering treatnent for formng the
spinet-type iron oxide thin filmconprising magnetite as a mai n conponent
and transform ng the spinet-type iron oxide thin filmconprising magnetite
as a main conponent into the spinet-type iron oxide thin filmconprising
naghenlte as a mai n conponent may be contlnuously conducted in the sane

. . [T Al 1+ . . e r .



27 industrial productivity, it is preferred to respectively conduct the
sputtering under an oxygen-rich atnosphere and the formation of the
spinel -type iron oxide thin filmconprising magnetite as a main conmponent
in separate chanbers. The point of the present invention is that the
spineltype iron oxide.thin filmconpri sing maghem te as a main conponent
constituted by grains having a small average grain size and an excel | ent
grain size distribution can show g high coercive force_and a high

hig
squareﬁ@@gra%é%ﬂt@?%P%ﬁﬁﬂq QQNQ:ﬁﬁé§sCPW€P§8Pt.tPntEQH%F%¥W When the
t hi ckness of the spinel-type iron axide thin filmconprising maghenite as a
i 1 et BRant e Trt ey g o SatE Bernene) Thut it oy oo
size of ., maghemte grains constituting the thin filmis,_ al so decreased.
roeor dFRER b TS e B Pompata et hr obtge o tom Fil m
consti i r.ai ns hawin S [ r in size as
conot! bhLedb LRGeS O S KNGV SHRULEE - 2NET AR BEALD
recordéEQa”ﬁgiﬁ%&ﬁpé%@ri%s%&lét’l\ﬁﬁs%'adoﬁb SEF?iﬂ??H§M£§ grah e can be

prevented fromincreasing I n size. econes possible to

obt ai Nz3e$RLBEYPA MPE:s 1 7O LR IGE i) 16hnkMye QAN k$LBJaMBOPRERLE £o,4S @ Mai N
conponent constituted by grains having a small average grain size and an
excel | gR8 gxRiPicd 28 Wig rddatdier florcRakhiicHhabxckl1Est Cohsh efask t hat
since the above production nethods (A)-(a) and (B)-(ii), etc. are conducted
at a tefrperat theclased W8S di0tsndlrle aishan t356C tfar oupe aoteeaalt 28 process
thereof, the grains constituting the thin filmcan be prevented from

i ncr eashnmgntiosilzes Yeeradditaiond Sasee thethet abopeofisding. conducted at a
| ow tenperature, the undesired mgration fromthe substrate and the
under | ayer can be sufficiently inhibited and, therefore, it can prevent
that the obtained spinet-type iron oxide thin film conprising naghemte as
a mai nSEEHBRRcAT TH Nigi8t ed in surface snoothness. In the production

nmet hods o he gresent invention, atterg%he umdeélager i% subjected to
sputtering £1edPHent T SETFERS N SBEADEphBr E°uRT RY 3R Fe target, an Fe

al | oy . Qr i Si Is T oxi de. a LN, e to
deposi%gé%§?%§ ¥$%%ﬁ%b§£n%%ﬂ¥ﬁgéﬁh é?ﬁgggr? gﬁéﬁéﬁiﬁgﬁétygggﬁggﬁﬂ%xide thin
filmcenphi sing fagheidhey anddmice GRMRORERL ESmbOhERE, opnihe underlayer,
and then is oxidized and transfornmed into a spinet-type iron oxide thin
film cespststagedBghefiditAhaa iR B ¢oapoNeRtradbegehofiesitdeadttdve iron
ions act as nuclei for grain growth, resulting in pronoted fineness of the
obt ai nedcgl aens. granraddizd el stiridbutichei ahdr eghabntgrawbhglal so serve as
oxidation active sites, resulting in pronoted transformation into maghemte
and f of@arfoveof oxes fasrdnas pligdt SApsEsness -oxi de thin film conpri sing
maghem te as a nmmin _conponent as a total. For these reasons,, K the grains
constit uti nfReReeE RRIERCY Wiie theoRreecds ERVERER P é%n’ﬁ?i%?%@l%g%em te as a
mai n congonent can belgrevented Eéﬁp]locall .incregsing in crgstal si ze

t her eoP* NG 9 | K 1 Wk g 8Ir9 rltché‘FFrE?Fé,mgi REe  the“ddVE 1 edt nent is
conduc g ur.e .as r Q. QN ' treatnments
in ai r%ﬁ??é‘?_s ér)l\é\{f}der eofé{ﬁac%eatt%t %e %ﬁgf %gﬁg%g% ﬁ?u%?ﬁ%&?ﬂ%t [ ?léfi Im 29
can beppiVEBhSE LA OM IMICIPAS ROt i¥hteq 80 LRAIntMEaobiAl deaghdfin {11 m
can mai ntain a good surface snoot hness. Meanwhile, the reason why the

Spi net a{¥PEgLT §ha OXi &herd RirE fdr AEXMENS BGaARIBELEL 81 36r Sblied ¢h Conponent
can be transfornmed into the spinet-type iron oxide thin film conprising
maghenahe@ ashibies na oigronsdraiken fathkjecehidng hhehsponatedype. i ron oxi de
thin filmconprising magnetite as a main conponent to sputtering treatnent

i n an oxygemer achombhibgphdree ausisng im Eket driget, aapeEe afl tyet arget or an
target conprising iron oxide as a main conponent, is considered by the

pr esenpr¢agrnt orgersi drol Itdwre Tatrrioyidadlen spaneeienygefesdineoward t he
spinet-tépe iron oxide thin filmconprising nmagnetite as a main conponent,

t he spUeferBd FeBRrkgigas an oxidi zing agent on the spinet-type iron oxide
thin filmconprising nagnetite as a mai n conponent, thereby pronoting the
oxi dation r@ag¥PoR@teFe2+ --~ Fe3+ + e-. In addition, although Fe3+ acting
as an oxidizing agent is reduced into Fe2+, the abovye oxidation reaction is
caused agai A% PRSETLE¥RF i hPTR&LGe SHPehEar8pedied reaction. As a
result, it is considered that the total portion of the spinet-type iron
oxide thin filmconprising nagnetite as a main conponent is transforned
into maghemite to forma uniformspinet-type iron oxide thin film
conprising maghenite as a main conponent. Hitherto, in order to obtain a
thin filmhaving a high coercive force which is applicable for the
production of a magnetic recording medium it is necessary to transforma

L, N o .




31 produced in an industrially and econom cally useful manner and,
therefore) is suitable as a production process of nagnetic recordi ng nedia.
EXAMPLES The present invention is described in nore detail by Exanpl es and
Conpar ati ve Exanpl es, but the Exanples are only illustrative and,
therefore, not intended to limt theldresent invention. Various properties
were evaluated by the follow ng nethods. . (1) The thickness of the
magnetic thin_filmyv measur ed .as fol.l ows., T i.$.:before deposition of
The thin 11 Paroanrl N Rh e o b 1124 T arepeaeh i 06 Sr P Ees

under | ayer. Then e 114 £t kn til mon the substrate or
underl%ée%,mggg %?@%éﬁ%?%éﬂgﬁ%%%gglgﬁfhggg%gpgxegéposited t hereon were

si mul ¢ aneouishyar eEBeA. sl A9, a0l G0l vank: nlenbhus horpRdsst epped

portion was neas tracer-type surface roughneSs tester

(manuf get upeds by, NEFHQN, SHLN @o%%?@%u@@ﬁ,bgT +hiRE BRvahgnhg force

m croscope (AFM manufactured by DI A TAL | NSTRUMENTS (D.17)). The thickness
of theatBragti fpuyassLad cuhatsed o regmatthemeaswiadayalugev 2} i dhecgr yst al
orientation of the obtained thin filmwas identified by X-ray diffraction
met hodgaings apeX- 6BYynsk fidwac tonet er nReNE2200at( sanpf art ufFeghby Rl GAKU
DENKI CO., LTD.). (3) The oxidation (transfornmation) of the spinet-type

32 iroavexade ¢hamfsize compricsitig nigréhetse ds)aofmilassottpanent0j nto t he
spinel-type iron oxide thin filmconprising maghemte as a main conmponent
was deesfdnerkibbyingas wienyive Iorasgefi nosudkasetbbncl PP cih/mesi st ance as
one of indices therefor. That is, in the case where an oxide thin filmis

f or med (8s0PheCahderd & eroentiarss FIvageresectrpitéal Stesfshahcetesf than
spinel-type iron oxide thin filmconprisi magnetite as a mai n conmponent
is 0.001°td 8252 VERIHRAIKE SFTICe |a@53.u@a3rr esPoraneees? taklo

spi nel -type iron_ oxi hin film conpri.si magheni.te as a.mai n conponent
D I ncPRhoEart ol et 1 6% Co0 M, P R PRAEA%E DRErECA AeT SR n 111 m or an
al oy thin &1 Ls.4es g as the spderlaver, ihhensyphacenglecitical -

resi stance of the spinel-type 1ron oxide thin |Pn1conpr|5|ng magnetite as
a Ml NpeQPPeaeN: hsgte0Z% LA bS4g aRAiLbe sHLfAgeackegtefcalnLesi stance of
the spinel-type iron oxide thin filmconprising maghemte as a nain
conpongeini $RiNGeasdad tioo 1000hmt and0aMudximhe Betdiace(rgl ertsf chlesesi stance
of the respective thin filnms was nmeasured by an Insul ation Tester DM 1527
(manuf agt gk ed-OyipSANHY A DENKI KEIKI CO., LTD.) by setting the distance

bet ween two probes to 10 nm (4) The surface roughness val ues (center-1line
mean roughnessufagataerd maxi num hei ght (Rmax)) of the spinel-type iron
oxide thin filmwere measured using an atom c force m croscope (AFM

manuf act ur ean bynd@k:Q sty |INSTRAVENT SheDshbprraiceh aegpect to a 5 dun-square
area of the surface. (5) The average_grain_size and standard deviation of
33 grain sizesPHreyriame on nxiser thée &£ 1PheosBr hetne yprohe®ht®xi de thin
filn1conprisi£$ maghemite as a main _co oagng was cal cul ated from 400

gr ai ns®di angt D FP A MPalr§Ed SPHEYE8YEF  t he 500 nm square area of

the surface_obtained by an atonic f.arce,ncrescope (AFM nuf act ured by
DG TAL | NSRS R TRl etk reh Biertres BhCHAEtEber oive
force, t i ti i f_ .t gnet | ; i ium are
expreségg %ga%éﬁﬂég?%ggs&%g%kg§cﬁﬁf%?gf?§gg a%%ﬁ%ﬁggggbﬁg%gggoneter VSM'
(manuf aetrsed by OHE: KOG @@ 5 kD3 nthea, stAREALE] GePLLPESALI &8 Of the
magneti c recordi ng medi um were neasured by applying a maxi num magnetic
field gtain 590 &N o8 (20 ke tdhemetdonmExadpkeritisProguctbpntieé magnetic
recordi ng nediun> By using an in-line disk sputtering apparatus "C 3102"
(manuf acétued dya ANEBA D), tloTBhe ahdckebbengta df slassethetweem, a gl ass
substrate and a netal target (Ni) to 8 mm the netal target was sputtered
at or damarexh Bopeirat W edarcdva Xedcgasfannbsphesetbant 85 9i kly/oxygen and
argon and having an oxygen flow rate of 10 CCM an oxygen partial pressure
of 0. 015, 0 Pl sendtalcqRresTer cWRIENEss Patiph8t edy hot miegs athaih 0 t hin

filmhaving a thickness of 50 nmat_a deposition rate of 1 nnmsec_on the
gl ass Substritea longitudinal recording medium or a squareness ratio



Then, a netal alloy (Fe + 8 wt. s Co) target was sputtered on the obtained

NiO thin filmfor 4 seconds at room 34 tenperature in an oxygen-rich

m xed gas at nosphere contai ni ng oxygen and argon and havi ng an oxygen fl ow

rate of 74 CCM an oxygen partial pressure of 0.12 Pa and a total pressure

of 0.40 Pa. Next, a netal alloy (Fe18 8 wt. s Co) target was sputtered at

150C in a m xed gas at nosphere cont ai ni ng oxygen and ar gon and havi ng an
pressure of 03 Pa and a

oxygen f| ow rat 2 an 0X en parti al

total Pressie Q?éSPg Bfi Héyaﬁ 56¢h f‘ﬂgclfge@i)m&ont ai ni ng
magnetite thin film tadpo on_rate the NiO thin film
Socessi vel 5 i R TR Og o SHEAFRRE g RUEPE £o8n; PP ntfias 1 r oat ed
within_the. sa tteln a 8wt % Co)

tar ger ot or - 40 AR A ROl R T B ReBR R e e e e o

cont ai i n and argon and havi ng an oxygen row rate of 74 CCM an
oxygen p tlargggressure of 0.12 Pa and a total pressure of 0.40 Pa, thereby

formng a Cpoﬁplq{%zuam NhdBRARGEL ent B BubiskMcLhe thus obtai ned
Co-containing maghemte thin filmwas a | ongitudinal recording medium

having a thigknessif tHe MMaASahert ke spntaeeihguahagsscff ihean

Co- cont ai ni ng maghemte thin film the center-line nmean (Ra) thereof was

0. 6 Nnbxpdien tecHesdnaypHegicghis ihBmax) reheaegbrywaanSr8 abloy ntaggeti on, the
Co-contai ning maghemite thin filmexhibited a coercive force of 352 kA/m
(4, 42%0e3 , tangkta coerdisiacs duanenedsieSasob Naifl. cBxpopeéert 2: <Producti on of
magneti ¢ recordi ng nedi une 35 By using an in-line disk sputtering

appar at us "G irneEnufeacttived s tANELBS GOingLFD. Feahdrgettiang a

di stance between a gl ass substrate and a netal target (Cr) to 85 mMm the
net al Farybtoasrgsiit 187 &d SBUtéediingr st eaper ABEUPe m%n%%g% Be®sphere
havi ng a(%otal ressure of 0.094 Pa, thereb rmng a O net thin film
havi ngo’él Ri Tk fodE st RPRRL 8 %856‘3?1 Fgﬁnﬁiféysg 1780 % on the

gl ass a:t ThenSlan allo N t + mam C tar%g Sputtered onto
t he Cr i TR R4 1568 aenacs)xygen r'i CR g%)ls %Dsphere

cont ai n argon and having an oxygen flowrate of 74 CCM an
oxygen@%é;%?gg%re%%re of 0.12 Pa and a total pressure of 0.40 Pa.

Successi vel ¥xi @y ald Bhd ihel -WMpe¥iCoh bLaraet tWas rsPHtE&rsHi &indS0C in a
m xed gas at nosphere cont ai ni ng oxygen and argon and havi ng an oxygen fl ow
rate ohagre€Xid @£ DX)FRN quaidonahtpressutasobril. 03t Paaagdimel ot @be pressure
of 0.40 Pa, thereby formng a 18 nm Co-containing naghemte thin filmat a
deposi trom ewide ofhih Milsecoowrilsé ngr mgghetnithki asf &1 meiffheombosenbt ai ned
Co-contai ni ng maghem te thin filmwas a |ongitudinal recordi ng nedi um

havi ng a t hfekdhesugth renaatand &S esssertuteycpyighai FBeFavihg an average
grain size,of _18 nmAs to the surface rou hness of the_Co-co éal ni ng
rraghen*i”f%‘”t ?Cﬁ 3 iRTHCS e TN P& ulcﬁré‘grré‘aﬁ‘ ?ﬂﬁlehE?‘éB?%ﬁ% €49 Hm and t he
maxi mum hei .Rmax) t hereof was 11.6 nmlIn addition, the Co-containing
nagherﬁ?%pjf% | | mwas a | ongitudinal recording nmedium and exhibited a

coercive fo 4;1,?3 %@e@g% @mgngo?r e&vg\eg%ya{gﬁg%gﬁg (9% 0. 76,
and 36 a sur ace ectrical resistance value o .0 : anple 3: The
sane pgoeedyi fo@scigef imedh igh Bxampserirwas conducted
subjecting the underlayer to sputtering treatment in an
oxygen-rich atmosphere using an Fe target, an Fe alloy target
or a target comprising iron oxide as a main component; and
conducting a reactive sputtering using an Fe target, an
Fe alloy target or a sputtering using a target comprising iron
oxide as a main component to form a spinel-type iron oxide

thin film comprising maghemite as a main component on the



except that the thickness of the Co-containing magnetite thin filmwas
changed) and the transformation into maghem te was conducted in air at 320C
for one hour, thereby obtaining a Co-containing naghem te | ongitudi nal
recordi ng medium Exanple 4: A MyO sintered target was sputtered in an
argon atnosphere having a total pressure of 0.37 Pa) thereby forming a 5
nmthick MgO thin filmat a deposition rate of 0.03 nm sec on a gl ass
substrgﬁﬁe Igggr.the Co-contai ning maghemite thin filmwas formed by the
same method % defined in Exanpl e 1 except that the anpbunt of cobalt and
the thickness of the thin filmwere changed, thereby obtaining a nmaghemte
per pendi cul ar recordi ng medium Exanple 5: The sane procedure as defined in

Exanpl ge4aWasp CoRSSE Sl @ (eP T abhnidi@ iy ckness of the thin filmand the
transfornmation 1nto naghemtée was conducted in air at 320C for one hour,

t hereby obtaipipg endvgieidde peReEneUREGihecerdiing pedsdAr Exanple 6: A
Cr alloy target was sputtered at ordinary tenperature 37 in an argon

at nosphatrenbawh ngs adé ot adbgd essure of 0.37 Pa, thereby forming a C alloy
thin filmat a deposition rate of 3 nmon a glass substrate. Then, the sane
procedur e aShdehamestian fexamplingl meas voordutchedpersept thaenthenanount of
cobalt and the thickness of the thin filmwere changed, thereby obtaining a
maghentowpl bagst aidéwas tratoer dimgndsdilaverExanpied ?n The subetpaveedure as
defined in Exanple 8 was conducted except that the transformation into
maghenfié dasPeepduerrel 1rrmiaxige 330a faldrogempanringherebsmdbeaddi ng a
maghem te | ongi tudi nal recording nedi um_ Conparative ExanQ@es 1 to 4. In
Conpar &t PR ExapPeent  afeeredifedts WOIEHAYSE - Co cont ai ni ng magnetite
thin filn1o§ a ﬁubstra%g the thin filmwas oxidized in aig at 320C,

t her eby obt &F nFig 3 %0 HISY WhJhSPEESeONgPUGHRAP™r eEBFEF n§2¥redi um

In Co raLLye e f 1. a -cant ai nj tite thin film
on annpﬁoeﬁﬁﬁePF%§£$% ?é%f%ﬁéég%i(%gg£¥§so£} Fzgg gh@g?ghg?gggoc, t her eby
obt ai NhAgHENSPa €ONT BinG) NGB 1l d FeicpdhRak tee¢pEd) Ngeprdi UM | N
Conparative Exanple 3, after formng a Co-containing magnetite thin filmon
an MyOguader bayetratde; tam uinfriunm NS tseeeessSorekheoxiBezedamdh@i r at 320C,

t her eby obtai ning a Co-containi ng naghem te perpendi cul ar recordi ng nmedi um
| n Conpheati vebixeaapde, 4thafdless anuhatgage€oacenpaeficngedagnetite thin film
on a Cr underlayer, the thin filmwas successively oxidized in air at 38
320C, thereby theabrésent Corardritca niaty theghadierdavengteudrhal recordi ng
medi um Essential production conditions are shown in Table 1, and various
pr oper EPe8eHf LYRR BHPRI Pret Preighiat i ol e SOMTAG 1REdMaIRFBLIERoRA #n Tabl e 2.

Exanp|%a§h component, there may be used a single-layered or multi-

layered underlayer composed of at least one thin film selected
from the group consisting of oxide thin films of a NaCl-type
structure, and metal or alloy thin films of a bcc structure or
a B2 structure.

Examples of the oxide thin films of a NaCl-type structure
may include nickel oxide thin f£ilm, magnesium oxide thin film,
cobalt oxide thin film or the like. Examples of the metal or
alloy thin films of a bcc structure may include a Cr metal
thin film, Cr alloy films such as a Cr-Mo thin film, a Cr-w
thin film, a Cr-V thin film and a Cr-Ti thin film, a V metal

thin film, V alloy films, or the like. Examples of the alloy



An MgO sintered target was sputtered in an argon atnosphere having a total
pressure of 0.37 Pa, thereby formng a 5 nmthick MjJO thin filmat a
deposition rate of 0.03 nnisec on a glass substrate. Next, the sane
procedure as defined in Exanple 1 was conducted except that the thickness
of the Cocontaining magnetite thin 6l m were changed, and the
transformation into naghemte was conducted in air at 320C for one hour,

t here tai-ni negl rding. i [tV nNf 13 that the
obt ai na el @5 & araeyt RS ot e By o e ool IR e

per pengi_cul . 11y I gmLn W t {209); plane of the MJO thin
fiIn1ag%%g?ﬁgﬁf§gﬂﬂgiggigﬁ togkﬁe_sur%@%éﬂg?.theléuggtrgfg, %nd the (400)
pl ane \pfthe Qo Lot AININg TRgReMhEnRS! BRNGk 4L afn {2 cordi Ng i um was
preferentially oriented parallel to the surface of the substrate. Exanple

9. A Gt alhihprgal, Wad et terfd hD1s) ahdensalfosRhel e favidg a total
pressure of 0.37 Pa, thereby formng a & netal filmat a deposition rate

of 3 nnl secrn whdHrasysURsLRAL 8. thEeXpretbetr Spabderidg HaLat ment f ox
treating the underlayer in 39 an oxygen-rich atnosphere and the

t r ansfarinddrieds idft ereEghenliel1dece 200duaf edoby phef ssabel ywetthasd as defi ned
in Exanple 1 except that the thickness of the Co-containing magnetite thin
filmeds clmangad,1lt herebyprefieachinglé Cocdh® anmi ndhemghém t e | ongi t udi na
recordi ng medium Exanple 10: The sane procedure as defined in Exanple 9
was coAdurEs exdepiha waderhayerahsf BPRat Foani #0® magHdm t@taisasbnduct ed
in air at 320C for, one hour, thereby obtaining a Co-containing v maghemte
IongitiRﬁqﬁﬂ‘qMQﬁnﬁﬁcﬁgCﬁééﬁuﬁhlébﬁﬁiWaFPW%rEﬁéﬁ%l%FQﬁemﬂﬁffGﬁiébntaining
magnetite thin filmwas fornmed og tae Cr.underéa. er vvi#hout conducting the
sput t STy FEEARER Y6Rt 6SPHe tBnbEr FEYET PR BN oix/?/g%lﬁz 4%h atnosphere, and
t hen %%%%k.%%@ n air at 320C, thereby obtaining a Co-containing maghenmte
Iongitué?na recordi ng medi um Exanples 11 to 14 and Conparative Exanples 6
to 10: Thesane oy oaeitg a3:1dgtLRenl Bn8XaMbbee fnds: Ganuched except that

conditions for ‘the sputtering treatnment onto e underlayer 1n an
oxygen-ddtGhatdmsRherF tadkdueesdi hi;eRsadlogphrs it Ncd Re SRitI-ltagpe iron
oxide thin filmwere changed variously, thereby obtaining Co-containing
maghemyt € illangidgtdiindlonr ecaddichgneedi sinddearhehidrg stal Carpartative Exanpl e
6, after directly formng a Co-containing magnetite thin filmon the C

40 under |tgerf onintedo rmrgnigbiec rengréhagunder| &ybr fol bputteriaghe eat nent in
an oxygen-rich atnmosphere, the thin filmwas oxidized in air_ _at 320C

t her elyrisHtaTiony of Chec IREETARHEY naghePEEETEDNR SR IRITT eldra® ng nedi um
In Conparative Exanples 7 and %% t he sgne proggﬁgre as defined in Exanple 2
was c S{a@d“e&%&eg%ctoﬁglm?h@e YWohPalfi AY* haghet % thim film was for nmed

1 oL 0 G M LA BB T LB AR, gpyoen 11 ch

at nosp er eby “obtai nifg na ongi i ha ng medi In

Conparal e 15435l ed oralkhehcSHRI B¢t icﬂgl 5B N 03 %é@@&ié&ﬂ% ering

treatnent, the -contai ning magnetite | ongitudi nal™ recordi ng nmedi"um was

f or meghddiggeon by the sane nethod as defined in Exanple 2. In Conparative
Exanpl e 10, after subjecting the MyO underl ayer to sputtering treatnent,

t he Cocont aind g imrRgRetidce irongbiktidenghineedldi agmpiek iHg wWasyHeariged t her eon

by the sanme nethod as defined in Exanple 2. Conparative Exanple 11

(f ol | @& @p redist aafmcExamyl ec4orfling to the present invention has a
thickness (t) of usually 5 to 50 nm, preferably 6 to 45 nm,
more preferably 7 to 40 nm. When the thickness of the spinel-
type iron oxide thin film is more than 50 nm, it becomes
difficult to uniformly magnetize the magnetic thin f£ilm up to

a deep portion thereof when signals are recorded thereon,

thereby failing to obtain good recording and reproducing



Japanese Patent Application Laid-Open (KOKAI) No. 11 328652 (1999 ) The Ni O
under |l ayer was formed on the substrate by the sanme nethod as defined in
Conparative Exanple 9. Then, the 20 nmthick Co-containing magnetite thin
filmwas formed on the Ni O underlayer by the same nethod as defined in
Conpar ative Exanple 9. The thus obt difned Co-containing Co-contai ning
magnetite thin filmwas irradiated for one mnute by an el ectron cycl otron
resonapher SECR) 1 40N ShowaaPRaLat HS ke $L09ER hd N aciiyped dppFLI ONICS
CO., LTD.) at a substrate 41 tenperature of 200C~ a total pressure of 3 x
10-4 TgkidearHi " OWEY € HOWRIFaph 0 AW %ﬁ@l@nabo?o%%i@_rﬁ&'ﬂgeVO' tage of
300 V, by using He as a rare gas at a rare gas flowratio of 50% thereby
oxi di zkp8siBEr £01 6ONG A FeNGvTRENRIF kedtiBi AckiskAL i nto a Co-cont ai ni ng
maghemite thin filmto obtain a Cocontaining maghem te | ongitudinal

recordi ng neklé ushifenpansd | enExaidlee thin( ollnovs uphé esiewéntExanpl e 9 of EP
1089262): The N O underl ayer was forned on the substrate by the sane nethod
as def imeent horCohpaa atpreeIEtame e rdn thede thén20ihm ¢dipoki €oagont ai ni ng
magnetite thin filmwas formed on the Ni O underlayer by the sanme nethod as
def i neta¢gheCohpazat 3 vea Bx arpirer@ntThehtihtishebt ai aptducarent ai ni ng magnetite
thin filmwas placed in an RF sputtering apparatus and irradiated for 3

m nut esept ¢beoyd vy ptias erEredudedroy ai ny+Belogi'ng Meargan. Ideridient o in an
etching node (at a substrate tenperature of 180C, a gas pressure of 9 niorr
and a ratio, of oxygen to argon.of 100:0). After conpletion of the plasm
treat nBREPSHREYRD- tOM &°Hi %&ngﬁgf“eo%hit i PF%?W&HE XYY 78 i r at
320C for 60, m nuj es, thereﬁ: obt ai ni n g Cocant ai ni_ng maghem' %e

| ongi t GdFHAH? rECor dPng FBAF I MRS ent & ctPoR e BAGMToRS BPE shown in

Tabl e ngd,_var.i rqQperties of the obtained magnetic recordi ng nedi a
are shlg%gi %ha]"gb‘?g%ﬁ’ Q/szw_gﬁitbl e 1 Exanpl es ancProduction conditions of

magnetic regL dinglonnanal i)i}’r%?%&‘i@%ﬂﬂhegﬁfﬂdc%&i§% SR £&L T ng

condi ti onsunderlayer (w". -~ treating underlayerin

oxygenssi & hat i sphes &RV e Ieuwdubst taherah et eppendt sFR{ &M dmdAkxanpl e
3Ni 0874R. T. Exanpl e 4Myj0374R. T. Exanpl e 5My0374R. T. Exanpl e 6Cr 374R. T. Exanpl e

7Cr 3748f Te&oapar fd1 viahinreSngEsamplee ciCGenfiaratdvehkd8ef Exans &o

2Conpar ati veMy03- - Exanpl e 3ConparativeCr3--Exanple 4 43 Table 1

(cont i acetgnExeipties spih<CorpyarcatireePeaddet tbancbhdnt ismsreferaghet i c
recordi ng nedi unExanpl esFil mform ng conditions_for recording | ayer Oxygen
fl ow rafPe 1OCRH) Syt Ql M aifgerdt urereCPERARPRBLB2D1DDEXGHIE 422100Exanpl e

22100Ex I 22100Ex I 7221 rati
S OQwegg tgbgéed(§£ ﬁ%gp %hen tggq?gpgbg%égg is more than 20% by

weight, i1t may be difficult to obtain a magnetic recording
medium having an excellent stability independent of the
passage of time.

Meanwhile, the spinel-type iron oxide thin film
comprising maghemite as a main component according to the
present invention may contain, if required, an other element
than cobalt such as Mn, Ni, Cu, Ti, Zn, Cr and B which may be
ordinarily used for improving various properties thereof, at a
molar ratio of the element to Fe of about 0.005:1 to about
0.04:1. The addition of these elements facilitates the

production of magnetic recording media having a high coercive



Exanpl e 122150Conpar ati ve Exanpl e 222150Conpar ati ve Exanpl e
322150Conpar ati ve Exanpl e 422150 44 Table Z (conti nued) Exanples
an' Production conditions of magnetic

recor di ngConpar at i venedi unExanpl esSur f ace oxi dati onOxi dati on
processprocesst enper at ur e( C) Exanpl e BHeat treatment in ai r 320Exanpl e
4Sputtering in oxygen-150rich atnos hereExanple S5Heat treatnent in

ai r 320ExapR! 8n8SRYt LLLd AN rek20ri ch atnos hereExanpl e 7Heat
treatment in air320ConparativeHeat treatnent in air320Exam | e

1Conpar at i veHeatpinsat HE i#braid:320Exaaike 2carpanahyvekeatmt teakgent in
ai r 320Exam | e 3C%rrpar ativeHeat treatnent in air320Examle 4 45 Table 2

Exanpl esmahfr eofpbh&st Ofwhrmeddrs ietekdithenedi unEgnpanbat tMeThi ckness

of Product Ki nd of recordi ngexanpl esunder | ayer medi aExanpl e

350C0- peakahni nglengl swdimaldraerhefidreigec otrdiin gedeunBxaspl @sually 5
45Co- cont ai ni ngPer pendi cul arma hem t er ecordi n nmedi unExanpl e

55Co- cont aDnhmgPer peechlsiyt & e Emirrer ecaediprefedebirExanmpbe20 nm.

650Co- cont ai ni ngLongi t udi nal ma hem t er ecordi n medi unExanpl e

750Co- Bbat avarageov i ieg el Hde tsevioedrdiype iron oxide grains

medi unmConpar at i ve50Co- cont ai ni ngLongi t udi nal Exanpl e 1maghem t er ecordi ng
medi unitBABEr 8t FESDTHE CHHEUS rﬁﬁmdlhﬂméltaa@itﬁa Bfafpre 2kmgheimEer ecordi ng
medi umConpar at i ye5Co- cont ai ni ngPer pendi_cul ar Exappl e 3naghem t er ecor di ng
medi unBBRPEYEHi YESBCRR BN ﬁ%ﬁ%ﬁ&@%&ﬁﬁapgaﬁ% EPAREREWPE e+ ELBr di ng

medium__ .46 Table_2 (continued) .Exanples anPro_erties of ma netic recordin
nedi unfﬁﬁégr Bﬁf"i}ef 'rrp‘i’r}l?ets%djeé%r]ﬁyer‘?tr1 Prics LOFhR RhEESSEPPRecor di ng | ayer
o) ABEPLE AT R e aPSame C softpe e
3328CD§B§ﬁéiLYﬁpgkfggﬂfhfggg)grains to the thickness (t) of the

spinel-type iron oxide thin film comprising maghemite as a

main component is usually less than 1.0, preferably not more

than 0.90, more preferably 0.40 to 0.80. When the average

grain size (D) of the spinel-type iron oxide grains is more

than 30 nm, the noise generated from the obtained magnetic

recording medium tends to become large. When the ratio (D/t)

is not less than 1.0, it may be difficult to attain the

effects of the present invention.

The spinel-type iron oxide grains containing maghemite as

a main component, which constitute the thin film of the

present invention, have a standard deviation of grain sizes of

usually not more than 4 nm, preferably not more than 3 nm.

When the standard deviation is more than 4 nm, the noise

generated from the obtained magnetic recording medium tends to

become large.

Among various parameters of the surface roughness of the

spinel-type iron oxide thin film comprising maghemite as a
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medi unmConpar ati veMagneti ¢ properti esExanpl esCoerci ve

f or ceCoer ci veSquar enesskA/ nOesquareness ratio S* ratio (-)ratio S

(-) Exanpl e 3400. 75, 0350. 74- Exanpl e 4345. 04, 335- 0. 90Exanpl e

5278. 53, 500- 0. 77Exanpl e 6149. 01, 8733.866- Exanpl e 7115. 31, 4490. 65- Conpar ati ve
Exanpl e 1151. 81, 9080. 15- Conpar ati ve Exanpl e 2239. 73, 0120. 18- Conpar ati ve

Exa”p'ﬁa%%oﬁﬁo@ £ 0- SRR -il\i?llngﬁ\@gﬂl ?Ré?zﬁ’héée&f‘@s 43- 48 Table 2

(continued) Exanples anPro erties of macneti €T recordin

() BXERBr e 3257 0000, &7 Uil EXA508007 BRIAEI & B 1. G300 67 SEkanpl 6

Baml 5555, SO0 HY Boohrarst e Chanra Si=sUBIo0Ts. Beorpar 1 Example

recor dFRE" Hai {BHpHr At Ve IetamiRoth oG58 BFSFRESPYE §opo 10 M, o
still more preferably 1 to 9 nm. When the center-line mean

(Ry) and the maximum height (Rp,y) are out of the above-

specified ranges, the obtained thin film may tend to be
deteriorated in surface property and fail to provide high-
density magnetic recording media.

The spinel-type iron oxide thin film comprising maghemite
as a main component in magnetic recording media of a
longitudinal recording type has a coercive squareness ratio S*
of usually not less than 0.50:1, preferably 0.60:1 to 0.95:1,
more preferably 0.65:1 to 0.95:1. When the coercive
squareness ratio S* is out of the above-specified range, the
obtained spinel-type iron oxide thin film may tend to be
deteriorated in overwrite characteristics and, therefore, be
inapplicable to magnetic recording media. The spinel-type
iron oxide thin film comprising maghemite as a main component
in magnetic recording media of a perpendicular recording type
has a squareness ratio S (Mr/Ms) of usually not less than
0.75:1, preferably 0.80:1 to 1.0:1. When the sqguareness
(Mr/Ms) is out of the above-specified range, the noise
generated from the obtained thin film may become large,
thereby failing to provide suitable magnetic recording media.

The magnetic recording medium having an underlayer

composed of the oxide thin film of the present invention has a



(nm St andard devi ation (nm D/t Exanpl e 318. 53. 50. 66Exanpl e

416. 32. 90. 58Exanpl e 514. 92. 10. 50Exanpl e 619. 12. 90. 68Exanpl e
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228. 55. 51. 58Conpar ati ve Exanpl e 329.56. 91. 05Conpar ati ve Exanpl e
430.66.61.02 50 Table 3 Exanpl es a¥dProduction conditions of magnetic
recor di ngConpar ati venedi um ' Exanpl esKi nd of Co content Sputtering

di ti 'y ! ,
oxygers L ERaE e A P e B v e B ER X EERRY, 20 cE) T ) Bl e
8M03748. T . 3 . i s - le 5
Tzl\i/gl e 16S}B( cgﬁ??%ggf‘g&%ﬁ%@ %\a%?r%bagbgg v%é%%u%?%fneﬁ%%%ns@é? me

magnet{g 5 e6es Mg Rl ekl mkermingicenditigpsefori1hgcosdi ng
| ayer Oxygen flow rate (CCM Substrate tenperature ( C )Exanpl e 822100Exanpl e

922100£x38Pt18arl 022 100 Compay atdwee o thaa 22258Qe axbuhablog 3 (continued)

Exanpl es anProduction conditions of nagnetic

r ecor dhaglenpes atdy ededi Ueraipl esSthbacpiaxildatbenOxbbdabkdfe thin
processprocesst enper at ure( oC) Exanpl e 8Heat treatnent in air320Exanpl e

9Sput t 1 imgcompoXygen-rfffranchteatazns herdiebExampbechbHeatstl eahgent in

ai r320Conpar ati veHeat treatnent in air320Examle 5 Table 4 Exanpl es

anPr opkovi esent ivaghmtde ghegwrdi.ngFrnetdhenCowpan athe efdti ak ngssn of Product Ki nd
of recordi ngExanpl esunder | ayer medi a( nm) Exanpl e

85Co- coht Bhei abfrey panidt dullar e Ifeficce séEvEdumenedi anBXafprecture is

950Co- cont ai ni ngLongi t udi nal ma_hem t er.ecaor di n nedi unExanpl e ,
1050Co4E8ht &F nFiHYy LEHEF 1 RN STal Feeh eRteeretopgpRetic recording medium

nmedi unmConpar alt)iv SOCo-contfai ni n Lon%i,t udi nal Ex%m le 5 henjft erecordin
ITEdI unpre %ra Y as a surface electrica resligstance valilue o

preferably 0.01 to 10 MQ.

The magnetic recording medium of the present invention
has a coercive force value of usually not legs than 159 kA/m
(2,000 Oe), preferably 199 to 1,194 kaA/m (2,500 to 15,000 Oe),
more preferably 199 to 955 ka/m (2,500 to 12,000 Oe), still
more preferably 318 to 637 kA/m (4,000 to 8,000 Ce); 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 Wbh/m3® (240 to 420 emu/cm3), still more

preferably 31 to 53 Wb/m3 (250 to 420 emu/cm3).

Next, the process for producing the magnetic recording
medium according to the present invention is described.

The magnetic recording medium of the present invention
can be produced by:

(A) A method of forming an underlayer on the substrate,

subjecting the formed underlayer to sputtering treatment in an
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medi unConpar at i veMagneti ¢ properti edxanpl esCoerci ve

f or ceCoer ci veSquar enesskA/ nOesquareness ratio S* CG)ratio S (-)Exanple
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thin film comprising maghemite as a main component; or

(B) a method of forming an underlayer composed of a Cr
metal thin film or a Cr alloy thin film on the substrate,

(i) subjecting the formed underlayer to sputtering
treatment in an oxygen-rich atmosphere using an Fe target, an
Fe alloy target or a target comprising iron oxide as a main
component, conducting a reactive sputtering using an Fe target,
an Fe alloy target or a sputtering using a target comprising
iron oxide as a main component to form a spinel-type iron
oxide thin film comprising magnetite as a main component on
the underlayer, and then oxidizing the spinel-type iron oxide
thin film comprising maghetite as a main component to
transform the spinel-type iron oxide thin film into a spinel-
tvpe iron oxide thin film comprising maghemite as a main
component, or

(ii) subjecting the formed underlayer to sputtering
treatment in an oxygen-rich atmosphere using an Fe target, an
Fe alloy target or a target comprising iron oxide as a main

component; and conducting a reactive sputtering using an Fe
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medi unmConpar at i ve50Co- cont,ai ni ngLongi { udi nal Exanpl e, 6 hem t er ecor di ng
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medi u rat i.veh0Co- cont ai ni ngLongi t udi nal le 8 neti terecordi ng
el UnCANEAT At VR0CE Conell ArAGLaRg: TArHaT Exail G hagHe s &reca: di ng

medi ungospa { fatalgLaokendht UL nas éggﬁgﬁgi%%%ggﬁgiFerecording
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medium 58 Table 6 (continued) Exanples anPro erties of ma netic recordin
medi un&d ey atd Wla £ aH enmikicek Besssphetecootibogex avpl £sdpMttering
% | ayer (nm Exanpl e 11828Exanpl e 12818Exanpl e 13828Exanpl e
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11Conpesagety e82fdoeatplef M0, MgO or Co0O. Also, the alloy thin film

of a bcec structure or a B2 structure may be formed by

conducting a sputtering using various metal or alloy targets.

Meanwhile, as the sputtering gas, there may be used at least

one gas selected from the group consisting of Ar, Kr and Xe.

The sputtering treatment in an oxygen-rich atmosphere

means a sputtering process conducted under such an oxygen

partial pressure which allows iron ions having a high

oxidizing ability to eject from the target and adhere on the

surface of the underlayer. That is, when using an iron or

iron alloy target, since an oxidation speed of the surface of

the iron or iron alloy target is faster than the film

formation speed, the sputtering treatment is conducted under

such an oxygen partial pressure capable of not only oxidizing
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110. OW?.t?GE‘PQOEXQHpPél‘i?O?%ZE’l.r&@lfB.%Q?‘B%%?te 356 GP8G 883 1930EXanpl e
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Tabl e 6 !continued) Exanples anProperties of magnetic recording

medi ur{lgra@q_%gteg\(eAver age
gr ai nSt andar dD/ t Exanpl essi zedevi ati on(D) (nm (nm Exanpl e

1113. 42. 90 T4@ExpuRker1Rd. H2pSraud 3R e nl3he $3Een62Exaankeon
1410. 22. 50. 51Conpar ati ve29. 27. 81. 62Exanpl e 6' Conpar ati ve25. 83. 50. 92Exanpl e

7Conpdrsatiore 24r43chlaBTixaapt e SCamparrad imed2beb4nzl B26xaepkely
9Conpar ati ve24. 63. 80. 88Exanpl e 10Conparativel2. 43. 20. 62Exanpl e

11Conpeest ispe28etdnplapBExamies lihclBRngHAR AW GPAtVEDiNS: 1. A process
for producing a magnetic recording nedium conprising: formng an
under B@peragHsgSsGpEPraseng a target holder, 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.

In the above production methods (A) and (B), when forming
the spinel-type iron oxide thin film comprising magnetite as a
main component, an iron or iron alloy target is sputtered
therein while introducing a mixed gas composed of oxygen and a
rare gas, and controlling an oxygen flow rate (CCM) in the
mixed gas as well as a deposition rate (nm/sec), thereby
forming the thin film on the underlayer. Meanwhile, as the
rare gas, there may be used at least one gas selected from the
group consisting of Ar, Kr and Xe.

The oxygen flow rate (CCM) in the mixed gas reguired for
achieving a suitable magnetite deposition rate (nm/sec) varies
depending upon various conditions used for obtaining the
spinel-type iron oxide thin film comprising magnetite as a

main component by reactive sputtering of the iron or iron



subj ecting the underlayer to sputtering treatnent in an oxygen-rich

at nosphere using a Fe target, a Fe alloy target or a target conprising iron
oxi de as a mai n conponent; conducting a reactive sputtering using a Fe
target, a Fe alloy target or a sputtering using a target conprising iron
oxi de as a main conponent to form azgpinet-type iron oxide thin film
conprising nmagnetite as a nmain conponent on the underlayer; and oxidi zi ng

the spinet-type iron oxide thin filmconprising magnetite as a nain

o or oy st} o P pRABE. SOOI PRECAE o R T TeT R o | si ng
maghemte as a main c onent . g A process acgcordi n}g; to claim1, wherein
the SHRRRETTTHE (59 mert GPEFPEAPPnGtRe  BAGEE | 5RroT FoS Txygen- ri ch

at nosphere is cquucte% at a substrate tenperature of 20 to 200 and the

f or rrat“T’@%s'iﬁarﬁe LBSHE I Fpe SHFSRCExPEES t R nS PR R CHhpr I g negriet i te as a

[ I.S. . Sub - f. 30 250C. 3. A
ot ovess T or hrRIA B S regRa P Phc R R LEChay U TR % R ¥ o i ng an

under Se o RMIISIR0 Anofilel shNLNSOLLELOL S flifpdiyn 11 mon a

substrate; subj ecting the underlayer to sputtering treatment in an
oxygensdpLth@idmarkene ¥sengradehe 1AV8REicAN el | QY dEFa8tndfe @ target
conprisi'ng iron oxide as a main conponent; and conducting a reactive

sput t edd g Mt tde kenbakdeh, raprEceatb@ypy atget t@Fma sputtering using a
target conprising iron oxide as a main conmponent to forma spinet-type iron
oxi de thin Hd.l/m goapri sing maghenm te as a main conponent on the underl ayer.
4. A process according to claim3, wherein the sputtering treatment for
treat ivigetdten e kayar okpgan PXygeratéd clr@nmisphserigdts gonducted at a
substrate tenperature of 100 to 250C, and the fornation of the spinet-type
iron ogddeddiin fAdamrCQBPLI fhBHeARIBEHELEs 861 8n MBdf CONPONent i s conduct ed
at a substrate tenperature of 100 to 250C. 5. A magnetic recording medium
conpri si Ng:Féx Eisidlat einafhendaskayer rf or ped ofimt S sUbsid al:g8igeand a
spinet-type iron oxide thin filmconprising maghemte as a main conponent

f or medt loow treec eun(@ier, ) ayepabBai of sk i@t ziryperiea amregdtded st hiot flielss havi ng a
thi ckness (t) of 5 to 50 nm being constituted by grains having an average
grai n size 4D) (@fv)s to 30 nm a standard deviation of grain sizes of not
nore than 4 nmand a ratio (D't) of the average grain size (D) to the

t hi ckness (In) tife ladeyet pandbcOionndeehbdbia] ngtlee camrtciersirfoor ce of not | ess
than 159 kA/m (2,000 Ce) and a coercive squareness ratio S* of not |ess

t han treatment for treating the underlayer in an oxygen-rich
atmosphere using a Fe target, a Fe alloy target or a target
comprising iron oxide as a main component is conducted at a
substrate temperature of usually 20 to 200°C, preferably 20 to
100°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 production method (A), the sputtering time
for subjecting the underlayer to sputtering treatment in an
oxygen~rich atmosphere using an Fe target, an Fe alloy target
or a target comprising iron oxide as a main component is

preferably 1 to 20 seconds, more preferably 1 to 15 seconds,

still more preferably 2 to 10 seconds. When the sputtering



64 0.5:1 in a longitudinal recording nmediumor a squareness ratio not |ess
than 0.75:1 in a perpendicular recording nedium 6. A magnetic recording
medi um according to claimb5, wherein said spinel-type iron oxide thin film
conprising maghemte as a main conponent has a center-line nean (Ra) of 0.1
to 1.0 nmand a maxi num height (R~)2af 1 to 12 nm 7. A nmagnetic recording
medi um according to cl ai m5 whr ch further has a coercive force of 199 to
955 kA/m (2,500 to 0Q0 .and a sat é magneti zati on (val ue of
magnet F¥BE | BhH W#ehH é’lﬂﬂ ﬁ(frcé’nﬁ"agﬁét gyt @I gi?liu BOERA/ M (20 kOe)
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target, a Fe alloy target or a target comprising iron oxide as

a main component; (b) a method of heat-treating the gpinel-
type iron oxide thin film comprising magnetite as a main
component in an oxygen-containing atmosphere in a sputtering
chamber; and (c) a method of heat-treating the spinel-type
iron oxide thin film comprising magnetite as a main component
in air. Among these methods, in the consideration of the
surface smoothness of the obtained magnetic recording medium,

the above method (a) of conducting the sputtering treatment in
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Also, in the sputtering treatment used in the production
method (B) which is conducted in an oxygen-rich atmosphere
using an Fe target, an Fe alloy target or a target comprising
iron oxide as a main component, the substrate temperature is

usually 100 to 250°C, preferably 150 to 250°C. When the
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substrate temperature is out of the above-gspecified range, it
may be difficult to attain sufficient effects of the present
invention. The sputtering time used for the sputtering
treatment in an oxygen-rich atmosphere according to the
present invention, is preferably 1 to 20 seconds, more
preferably 1 to 10 seconds. When the sputtering time is less
than 1 second, it may be difficult to attain sufficient
effects of the present invention. When the sputtering time is
more than 20 seconds, the obtained thin film may be
deteriorated in magnetic properties.

In the production method (B) of the present invention,
the substrate temperature used upon forming the spinel-type
iron oxide thin film comprising maghemite as a main component
is preferably 100 to 250°C, more preferably 150 to 250°C.

In the present invention, the sputtering treatment for
treating the underlayer in an oxygen-rich atmosphere and the
sputtering treatment for forming the spinel-type iron oxide
thin film comprising magnetite as a main component and
transforming the spinel-type iron oxide thin film comprising
magnetite as a main component into the spinel-type iron oxide
thin film comprising maghemite as a main component may be
continuously conducted in the same sputtering chamber.
Alternatively, the sputtering treatment for treating the
underlayer in an oxygen-rich atmosphere and the sputtering for
forming the spinel-type iron oxide thin film comprising
magnetite as a main component may be respectively conducted in
separate sputtering chambers without removing the obtained

thin film into atmospheric air. In the consideration of
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formation of the spinel-type iron oxide thin film comprising

magnetite as a main component in separate chambers.

The point of the present invention is that the spinel-
type iron oxide thin film comprising maghemite as a main
component constituted by grains having a small average grain
size and an excellent grain size distribution can show a high
coercive force and a high squareness despite a small thickness
thereof.

In general, when the thickness of the spinel-type iron
oxide thin film comprising maghemite as a main component is
reduced, there is such a tendency that the average grain size
of maghemite grains constituting the thin film is also
decreased. According to the present invention, it is possible
to produce a thin film constituted by maghemite grains having
a much smaller average grain size as compared to the thickness
of the thin film.

Further, in the magnetic recording medium of the present
invention, the maghemite grains can be prevented from
increasing in size. As a result, 1t becomes possible to
obtain a spinel-type iron oxide thin film comprising maghemite
as a main component constituted by grains having a small
average grain size and an excellent grain size distribution.
In particular, it is considered that since the above
production methods (A)-(a) and (B)-(ii), etc. are conducted at

a temperature as low as not more than 250°C through a total



0?AAAB" CQDAEg\ =  1S) 4" 10%4| & ()- @' : 10%4| & () - L4" 10%4| & ()--1s10%| & () -G
109 & ()-3"10%| & ()- QDDDDD EEE EdYNC 1 104| 104]

104| F: 10%4| & () - SSMLO%| & () -  6F 10%}| & ()-4Y10%| & () -2 10%} & () -
EEHEVEEGGIEYNC 1 F10% & ()-F G'10% & () -

f10% & ()-s10% & () - MLO% & () - 10% &26) - GH?HRH_HHHaBYNC

1' MLO% & ()-940% & ()-# 10% & ()-'10% & ()-'10% & ()-!"10% /& () - HH) 1 JJJIIK

0, ! -0 0 ! -
bC 1%%8c/g§‘s (eher‘eloof/,(z %h(e) gr]éq/nsl(c):énstituting the thin film can be

prevented from increasing in size. In addition, since the
total process is conducted at a low temperature, the undesired
migration from the substrate and the underlayer can be
sufficiently inhibited and, therefore, it can prevent that the
obtained spinel-type iron oxide thin film comprising maghemite
as a main component is deteriorated in surface smoothness.

In the production methods of the present invention, after
the underlayer is subjected to sputtering treatment in an
oxygen-rich atmosphere using an Fe target, an Fe alloy target
or a target comprising iron oxide as a main component to
deposit active iron ions on the underlayer, the spinel-type
iron oxide thin film comprising magnetite as a main component
is formed on the underlayer, and then is oxidized and
transformed into a spinel-type iron oxide thin film comprising
maghemite as a main component. Therefore, the active iron
ions act as nuclei for grain growth, resulting in promoted
fineness of the obtained grains. In addition, the nuclei for
grain growth also serve as oxidation active sites, resulting
in promoted transformation into maghemite and formation of
uniform spinel-type iron oxide thin film comprising maghemite
as a main component as a total. For these reasons, the grains
constituting the spinel-type iron oxide thin film comprising
maghemite as a main component can be prevented from locally
increasing in crystal size thereof owing to lack of oxygen.
Furthermore, since the above treatment is conducted at a low
temperature as compared to conventional heat treatments in air,

it is considered that the grains constituting the thin film
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h& ()_@Qvgygéggwﬁyléﬁ?%ﬁ% rg§son why the spinel-type iron oxide thin
film comprising magnetite as a main component can be
transformed into the spinel-type iron oxide thin film
comprising maghemite as a main component when subjecting the
spinel-type iron oxide thin film comprising magnetite as a
main component to sputtering treatment in an oxygen-rich
atmosphere using a Fe target, an Fe alloy target or an target
comprising iron oxide as a main component, is considered by
the present inventors as follows. That is, when sputtering
Fe3*+ toward the spinel-type iron oxide thin film comprising
magnetite as a main component, the sputtered Fe3* acts as an

oxidizing agent on the spinel-type iron oxide thin film

comprising magnetite as a main component, thereby promoting

the oxidation reaction of Fe?* — Fe3* + e-. In addition,

although Fe3* acting as an oxidizing agent is reduced into Fe?+,
the above oxidation reaction is caused again, resulting in
occurrence of the repeated reaction. As a result, it is
considered that the total portion of the spinel-type iron
oxide thin film comprising magnetite as a main component is
transformed into maghemite to form a uniform spinel-type iron
oxide thin film comprising maghemite as a main component.
Hitherto, in order to obtain a thin film having a high
coercive force which is applicable for the production of a
magnetic recording medium, it is necessary to transform a

spinel-type iron oxide thin film comprising magnetite as a
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as a main component because the former spinel-type iron oxide

thin film comprising magnetite as a main component shows
merely a low coercive force. On the contrary, in the
production method (B)-(ii) of the present invention, it is
possible to directly form a spinel-type iron oxide thin film
comprising maghemite as a main component with a high coercive
force on the substrate during a vacuum process, resulting in
considerable reduction in treating time of the process. Thus,
especially, the production method (B)-(ii) of the present
invention is industrially and economically advantageous.

In the magnetic recording medium of the present invention,
the spinel-type iron oxide thin film comprising maghemite as a
main component can exhibit not only a high coercive force and
a high sqguareness, but also can be constituted by grains
having a small average grain size and an excellent grain size
distribution. Therefore, the magnetic recording medium can be
suitably used as a high-density recording magnetic recording
medium.

Further, in the process for producing the magnetic
recording medium according to the present invention, it is
possible to obtain a spinel-type iron oxide thin film
comprising maghemite as a main component having a small
thickness because the grains constituting the thin film have a
small average grain size. Accordingly, the process of the
present invention enables a magnetic recording medium having a

low noise, a high coercive force and a high sguareness to be
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produced in an industrially and economically useful manner and,
therefore, is suitable as a production process of magnetic

recording media.

EXAMPLES

The present invention 1s described in more detail by
Examples and Comparative Examples, but the Examples are only
illustrative and, therefore, not intended to limit the present
invention.

Various properties were evaluated by the following
methods.

(1) The thickness of the magnetic thin film was measured
as follows. That is, before deposition of the thin film, a
line was drawn with a felt pen on a substrate or underlayer.
Then, after deposition of the thin film on the substrate or
underlayer, the drawn line and the film portion deposited
thereon were simultaneously removed using an organic solvent.
The thus formed stepped portion was measured by a tracer-type
surface roughness tester (manufactured by NIHON SHINKU GIJUTSU
CO., LTD.) or an atomic force microscope (AFM: manufactured by
DIGITAL INSTRUMENTS (D.I.)). The thickness of the thin film

was calculated from the measured value.

(2) The crystal orientation of the obtained thin film was
identified by X-ray diffraction method using an X-ray
diffractometer "RINT2500" (manufactured by RIGAKU DENKI CO.,

LTD.).

(3) The oxidation (transformation) of the spinel-type
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into the spinel-type iron oxide thin film comprising maghemite

as a main component was determined by measuring the change in

surface electrical resistance as one of indices therefor.

That is, in the case where an oxide thin film is formed
as the underlayer, the surface electrical resistance of the
spinel~type iron oxide thin film comprising magnetite as a
main component is 0.001 to 0.5 MQ, and the surface electrical
resistance of the spinel-type iron oxide thin film comprising
maghemite as a main component is increased to 50 to 3,000 MQ.
In the case where a metal thin film or an alloy thin film is
formed as the underlayer, the surface electrical resistance of
the gpinel-type iron oxide thin film comprising magnetite as a
main component is 0.02 to 1 kQ, and the surface electrical
resistance of the spinel-type iron oxide thin film comprising
maghemite as a main component is increased to 0.01 to 10 M.
The surface electrical resistance of the respective thin films
was measured by an Insulation Tester DM-1527 (manufactured by
SANWA DENKI KEIKI CO., LTD.) by setting the distance between

two probes to 10 mm.

(4) The surface roughness valueg {(center-line mean

roughness (R;) and maximum height (Rpy,y)) of the spinel-type

iron oxide thin film were measured using an atomic force
microscope (AFM: manufactured by DIGITAL INSTRUMENTS (D.I.))

with respect to a 5 um-square area of the surface.

(5) The average grain size and standard deviation of
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dgrain sizes of grains at the surface of the spinel-type iron

oxide thin film comprising maghemite as a main component was
calculated from 400 grains diameter measured on an enlarged
images of the 500 nm-square area of the surface obtained by an
atomic force microscope (AFM: manufactured by DIGITAL

INSTRUMENTS (D.I.)).

(6) The magnetic properties such as coercive force,

saturation magnetization of the magnetic recording medium, are
expressed by values measured by "Vibrating Sample-type
Magnetometer VSM" (manufactured by TOEI KOGYO CO., LTD.). The
magnetic properties of the magnetic recording medium were
measured by applying a maximum magnetic field of 1,590 ka/m

(20 kOe) thereto.

Example 1:

<Production of magnetic recording medium>

By using an in-line disk sputtering apparatus "C-3102"
(manufactured by ANELBA CO., LTD.) and setting a distance
between a glass substrate and a metal target (Ni) to 85 mm,
the metal target was sputtered at ordinary temperature in a
mixed gas atmosphere containing oxygen and argon and having an
oxygen flow rate of 10 CCM, an oxygen partial pressure of
0.015 Pa and a total pressure of 0.094 Pa, thereby forming an
NiO thin film having a thickness of 50 nm at a deposition rate
of 1 nm/sec on the glass substrate.

Then, a metal alloy (Fe + 8 wt. % Co) target was

sputtered on the obtained NiO thin film for 4 seconds at room
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temperature in an oxygen-rich mixed gas 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.

Next, a metal alloy (Fe + 8 wt. % Co) target was
sputtered at 150°C in a mixed gas atmosphere containing oxygen
and argon and having an oxygen flow rate of 22 CCM, an oxygen
partial pressure of 0.03 Pa and a total pressure of 0.38 Pa,
thereby forming a 20 nm-thick Co-containing magnetite thin
film at a deposition rate of 2 nm/sec on the NiO thin film.

Successively, the obtained Co-containing magnetite thin
film was treated within the same apparatus by sputtering a
metal alloy (Fe + 8 wt. % Co) target for 4 seconds at 150°C in
an oxygen-rich mixed gas 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 forming a Co-containing maghemite thin film.

The thus obtained Co-containing maghemite thin film was a
longitudinal recording medium having a thickness of 20 nm. 2as
to the surface roughness of the Co-containing maghemite thin

film, the center-line mean (R;) thereof was 0.6 nm; and the
maximum height (Ry,y) thereof was 5.9 nm. In addition, the

Co-containing maghemite thin film exhibited a coercive force

of 352 kA/m (4,429 Oe), and a coercive sqguareness S* of 0.70.

Example 2:

<Production of magnetic recording medium>
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(manufactured by ANELBA CO., LTD.) and setting a distance
between a glass substrate and a metal target (Cr) to 85 mm,
the metal target was sputtered at ordinary temperature in an
argon atmosphere having a total pressure of 0.094 Pa, thereby
forming a Cr metal thin film having a thickness of 150 nm at a
deposition rate of 1.5 nm/sec on the glass substrate. Then,
an alloy (Fe + 8 wt. % Co) target was sputtered onto the Cr
metal thin film at 150°C in an oxygen-rich mixed gas
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.

Successively, an alloy (Fe + 3 wt. % Co) target was
sputtered at 150°C in a mixed gas atmosphere containing oxygen
and argon and having an oxygen flow rate of 22 CCM, an oxygen
partial pressure of 0.03 Pa and a total pressure of 0.40 Pa,
thereby forming a 18 nm~ Co-containing maghemite thin film at
a deposition rate of 2 nm/sec on the Cr metal thin film.

The thus obtained Co-containing maghemite thin film was a
longitudinal recording medium having a thickness of 18 nm, and
was constituted by grains having an average grain size of 18

nm. As to the surface roughness of the Co-containing

maghemite thin film, the center-line mean (R,) thereof was
1.10 nm; and the maximum height (Rpsy) thereof was 11.6 nm.

In addition, the Co-containing maghemite thin film was a
longitudinal recording medium and exhibited a coercive force

of 438 kA/m (5,498 Oe), a coercive squareness S* of 0.76, and
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a surface electrical resistance value of 13.0 kQ.

Example 3:

The same procedure as defined in Example 1 was conducted
except that the thickness of the Co-containing magnetite thin
film was changed, and the transformation into maghemite was
conducted in air at 320°C for one hour, thereby obtaining a

Co-containing maghemite longitudinal recording medium.

Example 4:

A MgO sintered target was sputtered in an argon-:
atmosphere having a total pressure of 0.37 Pa, thereby forming
a 5 nm-thick MgO thin film at a depcosition rate of 0.03 nm/sec
on a glass substrate. Then, the Co-containing maghemite thin
film was formed by the same method as defined in Example 1
except that the amount of cobalt and the thickness of the thin
film were changed, thereby obtaining a maghemite perpendicular

recording medium.

Example 5:

The same procedure as defined in Example 4 was conducted
except that the thickness of the thin film and the
transformation into maghemite was conducted in air at 320°C
for one hour, thereby obtaining a maghemite perpendicular

recording medium.

Example 6:

A Cr alloy target was sputtered at ordinary temperature
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nm on a glass substrate. Then, the same procedure as defined
in Example 1 was conducted except that the amount of cobalt
and the thickness of the thin film were changed, thereby

obtaining a maghemite longitudinal recording medium.

Example 7:

The same procedure as defined in Example 8 was conducted
except that the transformation into maghemite was conducted in
air at 320°C for one hour, thereby obtaining a maghemite

longitudinal recording medium.

Comparative Examples 1 to 4:

In Comparative Example 1, after directly forming a Co-
containing magnetite thin film on a substrate, the thin film
was oxidized in air at 320°C, thereby obtaining a Co-
containing maghemite longitudinal recording medium. In
Comparative Example 2, after forming a Co-containing magnetite
thin film on an NiO underlayer, the thin film was oxidized in
air at 320°C, thereby obtaining a Co-containing maghemite
longitudinal recording medium. In Comparative Example 3,
after forming a Co-containing magnetite thin film on an MgO
underlayer, the thin film was successively oxidized in air at
320°C, thereby obtaining a Co-containing maghemite
perpendicular recording medium. In Comparative Example 4,
after forming a Co-containing magnetite thin film on a Cr

underlayer, the thin film was successively oxidized in air at
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"(0)-)7 ‘Example 1 was conducted except that the thickness of the Co-
containing magnetite thin film were changed, and the
transformation into maghemite was conducted in air at 320°C
for one hour, thereby obtaining a magnetic recording medium.
It was confirmed that the obtained magnetic recording medium
was of a Co-containing maghemite perpendicular recording
medium in which the (200) plane of the MgO thin film was
oriented parallel to the surface of the substrate, and the
(400) plane of the Co-containing maghemite perpendicular
recording medium was preferentially oriented parallel to the

surface of the substrate.

Example 9:

A Cr metal target was sputtered in an argon atmosphere
having a total pressure of 0.37 Pa, thereby forming a Cr metal
film at a deposition rate of 3 nm/sec on a glass substrate.

Next, the sputtering treatment for treating the underlayer in
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Meanwhile, in Comparative Example 6, after directly

forming a Co-containing magnetite thin film on the Cr
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temperature of 200°C, a total pressure of 3 x 10% Torr, a

microwave power of 100 W and an ion accelerating voltage of -
300 V, by using He as a rare gas at a rare gas flow ratio of

50%, thereby oxidizing the Co-containing magnetite thin film

into a Co-containing maghemite thin film to obtain a Co-

containing maghemite longitudinal recording medium.

Comparative Example 12 (follow-up test of Example 9 of EP

1089262) :

The NiO underlayer was formed on the substrate by the
same method as defined in Comparative Example 9. Then, the 20
nm-thick Co-containing magnetite thin film was formed on the
NiO underlayer by the same method as defined in Comparative
Example 9. The thus obtained Co-containing magnetite thin
film was placed in an RF sputtering apparatus and irradiated
for 3 minutes with oxygen plasma produced by introducing
oxygen thereinto in an etching mode (at a substrate
temperature of 180°C, a gas pressure of 9 mTorr and a ratio of
oxygen to argon of 100:0). After completion of the plasma
treatment, the Co-containing magnetite thin film was oxidized
in air at 320°C for 60 minutes, thereby obtaining a Co-
containing maghemite longitudinal recording medium.

Essential production conditions are shown in Table 5, and
various properties of the obtained magnetic recording media

are shown in Table 6.
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Table 1
Examples and Production conditions of magnetic recording
Comparative medium
Examples Kind of Co coﬂtent Sputtering conditions
underlayer (wt. %) for treating underlayver
in oxygen-rich
atmosphere
Oxygen flow| Substrate
rate temperature
(CCM) (°C)
Example 3 NiO 8 74 R.T.
Example 4 MgO 3 74 R.T.
Example 5 MgO 3 74 R.T.
Example 6 Cr 3 74 R.T.
Example 7 Cr 3 74 R.T.
Comparative None 8 - -
Example 1
Comparative NiO 8 - -
Example 2
Comparative MgO 3 - -
Example 3
Comparative Cr 3 - -
Example 4
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Table 1 (continued)

Examples and| Production conditions of magnetic recording
Comparative medium
Examples Film-forming conditions for recording layer
Oxygen flow rate Substrate temperature
(CCM) (°C)
Example 3 22 100
Example 4 22 100
Example 5 22 100
Example 6 22 100
Example 7 22 100
Comparative 22 150
Example 1
Comparative 22 150
Example 2 '
Comparative 22 150
Example 3
Comparative 22 150
Example 4
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3D&" 109" #3D&" 10%r" & () - 3D&"10%r" & () - #3 "3D&" 109%™ &' () - SD&VlOON"&f()-
3D&" 109 &nd)e 37?7/ ; H&L1AYEABheht 0" &1 ) 320
Example 4 Sputtering in oxygen- 150
rich atmosphere
Example 5 Heat treatment in air 320
Example 6 Sputtering in oxygen- 150
rich atmosphere
Example 7 Heat treatment in air 320
Comparative| Heat treatment in air 320
Example 1
Comparative| Heat treatment in air 320
Example 2
Comparative| Heat treatment in air 320
Example 3
Comparative| Heat treatment in air 320
Example 4
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Table 2

(3D&" 109" & ()- #3 "3D&"10%" & ()-

Examples and Properties of magnetic recording medium
Comparative [Thickness of Product Kind of recording
Examples underlayer media
(nm)
Example 3 50 Co-containing Longitudinal
maghemite recording medium
Example 4 5 Co-containing Perpendicular
maghemite recording medium
Example 5 5 Co-containing Perpendicular
. maghemite recording medium
Example 6 50 Co-containing Longitudinal
maghemite recording medium
Example 7 50 Co-containing Longitudinal
maghemite recording medium
Comparative 50 Co-containing Longitudinal
maghemite recording medium
Example 1
Comparative 50 Co-containing Longitudinal
maghemite recording medium
Example 2
Comparative 5 Co-containing Perpendicular
maghemite recording medium
Example 3
Comparative 50 Co-containing Longitudinal
maghemite recording medium
Example 4
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Table 2 (continued)

Examples.and Properties of magnetic recording medium

Comparative Co content Thickness of recording
Examples (wt. %) layer (t)

(nim)

Example 3 8 28
Example 4 3 28
Example 5 3 30
Example 6 3 28
Example 7 3 28

Comparative| - 8 30
Example 1

Comparative 8 18
Example 2

Comparative 3 28
Example 3

Comparative 3 30
Example 4
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L ST U S e e SR e 0 100,
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10% " & (Ex3801684 & ()CIRFADR "fer9= #30 38 QURCIY ) - | Squpreness
kA/m Oe squareness ratio S
ratio S* (=)
ratio
(-)
Example 3 400.7 5,035 0.74 -
Example 4 345.0 4,335 - 0.90
Example 5 278.5 3,500 - 0.77
Example 6 149.0 1,873 0.66 -
Example 7 115.3 1,449 0.65 -
Comparative 151.8 1,908 0.15 -
Example 1
Comparative 239.7 3,012 0.18 -
Example 2
Comparative 291.0 3,657 - 0.80
Example 3
Comparative 329.8 4,144 0.43 -
Example 4




/] W_?°S2 K, 8H 1110%& ()-8H 1110% & ()- 3 # 10% & ()-3& 10%"& ()-#30 3&
10%47& ()-WX Y Zf t } dDS2 K, 8H!!110% & ()-8H !!110% & ()-8H !!10%

& ()-#3z118H 1110% & ()-8H !'110% & ()-} CS2 K 8H !110%

& ()-8H 1110% & ()-8H 1110% & ()-8H 1110% & ()-#3z!!(8H !110% & () -

d@S2 K, #3z!18H 1110% & ()-8H !110%& ()-8H !110% & ()-8H !!110% & () - #3z! !

Table 2 (continued)

Examples and Properties of magnetic recording medium
Comparative Surface electrical Surface roughness
Examples resistance R, Rpax
(MQ) (nm) (nm)
Example 3 23,000 0.6 7.4
Example 4 250 0.6 7.6
Example 5 1,430 0.5 7.3
Example 6 0.13 0.8 10.0
Example 7 0.20 0.7 9.4
Comparative 2,600 1.6 17.7
Example 1
Comparative 2,500 0.8 9.6
Example 2
Comparative 4,400 1.0 14.9
Example 3
Comparative 0.25 1.8 17.1
Example 4
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Comparative | Average grain Standard D/t
Examples size deviation
(D) (nim)
(nm)
Example 3 18.5 3.5 0.66
Example 4 16.3 2.9 0.58
Example 5 14.9 2.1 0.50
Example 6 19.1 2.9 0.68
Example 7 18.4 3.7 0.66
Comparative 36.7 7.9 1.22
Example 1
Comparative 28.5 5.5 1.58
Example 2
Comparative 29.5 6.9 1.05
Example 3
Comparative 30.6 6.6 1.02
Example 4
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Examples and Production conditions of magnetic recording
Comparative medium
Examples Surface oxidation Oxidation process
process temperature
(°C)
Example 8 Heat treatment in air 320
Example 9 Sputtering in oxygen- 150
rich atmosphere
Example 10 Heat treatment in air 320
Comparative| Heat treatment in air 320
Example 5

Table 4

Examples and| Properties of magnetic recording medium
Comparative {Thickness of Product Kind of recording
Examples underlayer media
(rm)
Example 8 5 Co-containing Perpendicular
maghemite recording medium
Example 9 50 Co-containing Longitudinal
maghemite recording medium
Example 10 50 Co-containing Longitudinal
maghemite recording medium
Comparative 50 Co-containing Longitudinal
Example 5 maghemite recording medium
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Table 4 (continued)

Examples and Properties of magnetic recording medium
Comparative Co content Thickness of recording

Examples (wt. %) layer (t)

(rum)

Example 8 3 28

Example 9 8 28

Example 10 8 28
Comparative 8 20

Example 5

Table 4 (continued)

Examples and| Properties of magnetic recording medium
Comparative Magnetic properties
Examples Coercive force Coercive Squareness
k& /m Oe sguareness ratio S
ratio S* (=)
(-)
Example 8 319.6 4,016 - 0.90
Example 9 282.7 3,553 0.66 -
Example 10 302.5 3,801 0.65 -
Comparative 329.8 4,144 0.43 ~
Example 5
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(continued)

& ()-=9%t3C4"dH, 7" 10% #3C4" 10% !

& ()-=% 10% !

& ()-=%

& ()-=%10% /!

Examples and|

Properties of magnetic recording medium

Comparative Surface Surface roughness
Examples electrical R, Rax
resistance (nm) (nm)
(M€2)
Example 8 1,400 0.5 7.3
Example 9 0.13 0.8 10.0
Example 10 0.20 0.7 9.4
Comparative 0.30 1.8 17.1
Example 5
Table 4 (continued)

Examples and

Properties of magnetic recording medium

Comparative Average grain Standard D/t
Examples size deviation
(D) (nm)
(nim)
Example 8 14.9 2.8 0.53
Example 9 19.1 3.6 0.68
Example 10 18.4 3.4 0.66
Comparative 22.7 5.8 1.14
Example 5
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Table 5

& ()-=%10% !

& ()-=%10% !

& ()-=%10% !

Examples and Production conditions of magnetic recording
Comparative medium
Examples Rind of Co content Sputtering conditions
underlayer (Wwt. %) for treating underlayer
in oxygen-rich
atmosphere
Oxygen flow| Substrate
rate temperature
(CCM) (°C)
Example 11 Cr 8 74 200
Example 12 Cr 8 74 200
Example 13 Cr 8 74 200
Example 14 Cr-Mo 3 74 100
Comparative Cr 8 - -
Example 6
Comparative Cr 8 - -
Example 7
Comparative Cr 8 - -
Example 8
Comparative NiO 8 74 100
Example 9
Comparative MgO 3 74 100
Example 10
Comparative NiO 8 - -
Example 11
Comparative NiO 8 - -
Example 12

& ()-=%10% !
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Table 5 (continued)

Examples and Production conditions of magnetic recording
Comparative medium
Examples Film forming conditions for recording layer
Oxygen flow rate Substrate temperature
(ccM) (ecC)
Example 11 22 200
Example 12 22 100
Example 13 22 100
Example 14 22 150
Comparative 22 150
Example 6
Comparative 22 150
Example 7
Comparative 22 150
Example 8
Comparative 22 150
Example 9
Comparative 22 150
Example 10
Comparative 22 150
Example 11
Comparative 22 150
Example 12
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Table 5 (continued)

I & ()-=%CPJ \fwcC, 7" 10% #" 10%

& ()-=%10%! & ()-=%10% !

Examples and|

Comparative

Production conditions of

medium

magnetic recording

Examples

Oxidation process

Example 11

Example 12

Example 13

Example 14

Comparative
Example 6

Heat treatment in air

320°C: 1 hour

Comparative
Example 7

Comparative
Example 8

Comparative
Example 9

Comparative
Example 10

Comparative
Example 11

ECR oxidation

200°C: 1 minute

Comparative
Example 12

Heat treatment in air

after plasma treatment

320°C: 1 hour
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Table 6

Examples and Properties of magnetic recording medium
Comparative| Thickness of Product Kind of recording
Examples underlayer media
(rm)
Example 11 150 Co-containing Longitudinal
maghemite recording medium
Example 12 150 Co-containing Longitudinal
A maghemite recording medium
Example 13 50 Co-containing Longitudinal
maghemite recording medium
Example 14 50 Co-containing Longitudinal
maghemite recording medium
Comparative 50 Co~containing Longitudinal
Example 6 maghemite recording medium
Comparative 150 Co-containing Longitudinal
Example 7 magnetite recording medium
Comparative 50 Co-containing Longitudinal
Example 8 magnetite recording medium
Comparative 50 Co-containing Longitudinal
Example 9 maghemite recording medium
Comparative 5 Co-containing Longitudinal
Example 10 maghemite recording medium
Comparative 20 Co-containing Longitudinal
Example 11 maghemite recording medium
Comparative 100 Co-containing Longitudinal
Example 12 maghemite recording medium
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Table 6 (continued)

Examples and Properties of magnetic recording medium
Comparative Co content Thickness of recording
Examples (wt. %) layer
(rm)

Example 11 8 28
Example 12 8 18
Example 13 8 28
Example 14 3 20
Comparative 3 18
Example 6

Comparative 8 28
Example 7

Comparative 8 28
Example 8

Comparative 8 28
Example 9

Comparative 3 28
Example 10

Comparative 8 20
Example 11

Comparative 8 20
Example 12
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Table 6

10% }!
& ()- vyy 10% }!

(continued)

& ()- v&10%}!

& ()-10:!
& ()- vY10%

& () - gttt $Sh$~% [ -7 vY v (! 10% }!

Examples and|

Properties of magnetic recording medium

Comparative Surface electrical Surface roughness
Examples resistance R, Roax
(MQ) (nm) (nm)
Example 11 0.049 1.20 12.80
Example 12 0.12 1.10 13.10
Example 13 0.048 0.80 11.30
Example 14 0.34 0.80 9.60
Comparative 0.25 2.80 27.5
Example 6
Comparative 0.00040 0.80 10.0
Example 7
Comparative 0.00047 0.60 8.00
Example 8
Comparative 0.038 0.50 5.80
Example 9
Comparative 0.34 0.42 5.60
Example 10
Comparative 2.3 0.51 6.05
Example 11
Comparative 50 0.50 6.40
Example 12
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(continued)

Examples and Properties of magnetic recording medium

Comparative| Average grain Standard D/t
Examples size deviation

(D) (nim)
(nm)

Example 11 13.4 2.9 0.48
Example 12 7.6 2.8 0.42
Example 13 17.4 3.1 0.62
Example 14 10.2 2.5 0.51

Comparative 29.2 7.8 1.62
Example 6

Comparative 25.8 3.5 0.92
Example 7

Comparative 24.4 3.5 0.87
Example 8

Comparative 28.6 4.2 1.02
Example 9

Comparative 24.6 3.8 0.88
Example 10

Comparative 12.4 3.2 0.62
Example 11

Comparative 23.6 4.0 1.18
Example 12
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forming an underlayer on a substrate;
subjecting the underlayer to sputtering treatment in an
oxygen-rich atmosphere using a Fe target, a Fe alloy target or
a target comprising iron oxide as a main component;
conducting a reactive sputtering using a Fe target, a Fe
alloy target or a sputtering using a target comprising iron
oxide as a main component to form a spinel-type iron oxide
thin film comprfsing magnetite as a main component on the
underlayer; and
oxidizing the spinel-type iron oxide thin film comprising
magnetite as a main component to transform into a spinel-type

iron oxide thin film comprising maghemite as a main component.

2. A process according to claim 1, wherein the sputtering
treatment for treating the underlayer in an oxygen-rich
atmosphere is conducted at a substrate temperature of 20 to
200°C, and the formation of the spinel-type iron oxide thin
film comprising magnetite as a main component is conducted at

a substrate temperature of 30 to 250°C.

3. A process for producing a magnetic recording medium,
comprising:
forming an underlayer comprising a Cr metal thin film or

a Cr alloy thin film on a substrate;
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conducting a reactive sputtering using an Fe target, an
Fe alloy target or a sputtering using a target comprising iron
oxide as a main component to form a spinel-type iron oxide

thin film comprising maghemite as a main component on the

underlayer.

4. A process according to claim 3, wherein the sputtering
treatment for treating the underlayer in an oxygen-rich
atmosphere is conducted at a substrate temperature of 100 to
250°C, and the formation of the spinel-type iron oxide thin
film comprising maghemite as a main component is conducted at

a substrate temperature of 100 to 250°C.

5. A magnetic recording medium, comprising:

a substrate;

an underlayer formed on the substrate; and

a spinel-type iron oxide thin film comprising maghemite
as a main component formed on the underlayer,

said spinel-type iron oxide thin film having a thickness
(t) of 5 to 50 nm, being constituted by grains having an
average grain size (D) of 5 to 30 nm, a standard deviation of
grain sizes of not more than 4 nm and a ratio (D/t) of the
average grain size (D) to the thickness (t) of less than 1.0,
and exhibiting a coercive force of not less than 159 ka/m

(2,000 Oe) and a coercive sguareness ratio S* of not less than
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0.5:1 in a longitudinal recording medium or a squareness ratio

not less than 0.75:1 in a perpendicular recording medium.

6. A magnetic recording medium according to claim 5,
wherein said spinel-type iron oxide thin film comprising

maghemite as a main component has a center-line mean (R,) of

0.1 to 1.0 nm and a maximum height (R,.) of 1 to 12 nm.

7. A magnetic recording medium according to claim 5,
which further has a coercive force of 199 to 955 ka/m (2,500
to 12,000 Oe), and a saturation magnetization (value of

magnetization when applying a magnetic field of 1,590 kaA/m (20

kOe) thereto) of 29 to 53 Wb/cm3 (230 to 420 emu/cm3).



