- @H Je3e$J<6Twa 0 5 FEB 2003 1 TITLE OF THE | NVENTI ON: MAGNETI C RECORDS KEB 2003
MEDI UM AND PROCESS FOR PRODUCI NG™ THE - SAME BACKGROUND OF THE | NVENTI ON:  The
present invention relates to a magnetic recordi ng nmedium and a process for
produci ng the magnetic recording medi upy and nore particularly, to a
magneti c recordi ng nedi um conprising a maghemte thin film which exhibits

excel | ent nagnetic Erogertiesi especi ally, coercive force squareness S*
val ue and+g& ace snoot hness, and a process for producing

t he magnetic r i ' [1S] S ' in.filmby a
Sputtering nEM§§§£9¥§g%@@ﬂhﬁﬂkiiﬁgybiL3%5@#ﬁppﬁsggggﬁgF%§D§€§§9a#%ﬁgs such
as hard disk ggéhges, there has been a remarkabl e tendency that information
devi ces or sy used therefor are mniaturized and required to have a
high reliability. Wth such a recent tendency, in order to deal with a
| arge capacity data, there is an increasing demand for providing magnetic
recordingAC gﬁauﬁﬂ 8fj£ﬁﬁiﬂ$ﬂﬁﬂﬁkhpn can be stored with a high density. In
order to~satrsty suchm Tequrrenents, the magnetic recordi ng nedia have been
strongly T equihelpl OO OiehIL R1ALRL 08! GhyfctoLC eyl SO T educe
a di stance between a nmagnetic head ang'a magneti c recording [ayer (nmagnetic
spaci Ng) meASuRBAAEG! & CoF 6L 4i NG MARARY RMheAmaghaei608EEb¥8iH8T CE, 0
5 F E B 2003 2 magnetic thin filmformed on the substrate.

medium, and more particularly, to a magnetic recording medium

comprising a maghemite thin film, which exhibits excellent
magnetic properties, especially, coercive force squareness S*
value and a more enhanced surface smoothness, and a process
for producing the magnetic recording medium comprising such a
maghemite thin film by a sputtering method.

In recent years, in magnetic recording apparatuses such
as hard disk devices, there has been a remarkable tendency
that information devices or systems used therefor are
miniaturized and required to have a high reliability. With
such a recent tendency, in order to deal with a large capacity
data, there is an lincreasing demand for providing magnetic
recording media on which information can be stored with a high
density.

In order to satisfy such requirements, the magnetic
recording media have been strongly required to not only have a
large coercive force, but also reduce a distance between a
magnetic head and a magnetic recording layer (magnetic
spacing) .

As magnetic recording media having a large coercive force,

there is widely known those comprising a substrate and a
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The magnetic thin filnms which have been already put into practice, arﬁ15
generally classified into magnetic oxide thin filns conposed of naghe -Jgﬁl%}
.etc. (refer to "Technical Report of Electronic Tel ecommuni cation
Institute”, published by Electronic Tel ecommunication Institute, (1981)
MR81-20, pp. 5 to 12; "Ceram cs", publ?shed by Japan Institute of Ceram cs,
(1986) Vol. 24, No. 1, pp. 21 to 24, and Japanese Patent Publication

( KOKOKU) mblgaiethit- 4886 ( 1976) £ aurded -G8 32 3¢ ratand magnetic alloy thin
films conposed of Co-Cr alloy or the like. The magnetic oxide thin filns
are excel | ent The orgdationthisi &t ke evhdrche diernves ibeenr edirsédnceuduento

i nherent properties of the oxides. Therefore, the magnetic oxide thin filns
can showpaacésicel | ene gendrally ¢lakspidiidshtingfo gagngeirnopadsageinf tine,
and | ess change in magnetic properties with passage of tinme. Further, since
oxi des efhilfist camppgaer oharagleerl teharetichat (veffepettal STepbnpeat eBepetfilmis
required, so_that the magnetic spacing of magnetic recording nedia

conpri si R§ EhERtHORBGnNERI ecomMyRlda: Py iJnRtd tﬁ’érréﬁbééﬁhé‘g ®¥npared to
that of magnetic, recording nmedia conprising the magnetic alloy thin_ film
conposedE&%CEEQE%Co?e%ﬁ%ommﬁ%%CQWkﬁ%ﬁ§ﬂﬁ£qu%?'nééﬁgﬁ?CMBQ?G%OthPﬁ-f?ln1is
suitable _for _th roductjon_af. high-densjt netic _recording nedia. In

vi ew of Fﬂeaabosggr??lﬁﬁg’b%@h}%ﬁﬁ%ﬁéﬁ%ﬂ#qgéngﬁﬁﬁﬁéEuﬁec8@rg?%%m?%ﬁte of the
maghem t [ ihm o nefi ¢ oxi,de fid Si gnetite
particIeglkgkgh?gk'cg%aﬁﬁgisiiﬁ%%?é%?gfﬁéhfhgpgiggp?§§§§ekggﬁ? h the

i ncreasepj,Aq6 : 0 oYt : B ' in. film

t ends topgglﬁg?géégré%%%bggﬁgﬁgﬁi?ﬁt% indé%gﬁ e%?ao?agﬁggggf?%?kgbsage of
time dueahg AdyBeseci 8f1seneesn of i heatcpdRe lbikeo-Raghb eort fige pr esent

i nventors have al ready proposed the invention relating to the nmaghemte
thin fil mweai.ch can exhibits a high coercive force even with a | ess cobal t
content by controlling the spacing of specific plane of naghem te (Japanese
Pat ent Appl i c@heomagae di Openid&KANn MNdsis Biel@%82(1689) imndxidation
11-110732(1999)). On the other hand, the magnetic alloy thin filnms have a
coer ci ver£gigbansehpyhcasr pion daaes istancshowe £99irpeKPLR, DOGPERYjieHownever ,
these magnetjc allqy thin films are_readily oxidized in thensel ves and,

t her ef or BF Fbﬁdo%‘bdﬁ%- dé’%r}iﬁl?eoﬁozfteed the TRFBRFTEyOrHiR pEdnt: 1885 Ghge in

passage Qf tine as |_as fic .properties. IL.n order to prevent the
det eri or AP 8n>o6f © éﬁ%??% fﬁgﬁg§%§¥ﬁ9Qﬁ%§%ﬁae eong atfont™ %?%ﬁ%%tive
filmof dia | i c n i i:ke g at hi usual |y
about 5 ?g %gﬂ%hlgﬁg SQﬁe%héﬁg%ﬁg{gtr é%g%oFQ? Eggﬁgﬁe?%gga %§§§%in film

thereby gausing.t heudtHd6asfrde BBAAeE exBPBELNY KAFKES PANdEd @ HAe
t hi ckness of the protective film In magnetic recording nedia, in order to

reduce thrattagfienecaspachagorotedisiveededsarny requedade sbethayi tige hei ght of
magneti c head to as |low a | evel as possible, and al ways cause the nagnetic
head t o begheyiagsseebiy. of maaneisint irardrdiamod mé¢ddk deinpelegeng cessh nmgnet i c
recordi ng nedi a used_therefor have been required to have sone surface

r oughnesB82¢Re b @ePx1ee pilatntl i amdifeticdusesdd 2Fr 6ATBRTRG P xElRor®® t he

magnetic recording media comprising the magnetic alloy thin
film composed of Co-Cr or the like. Therefore, the magnetic
oxide thin film is suitable for the production of high-density
magnetic recording media.

In view of the above, it has been attempted to enhance a
coercive force of the maghemite thin film as one of magnetic
oxide films, by using magnetite particles in which cobalt is

incorporated therein. However, with the increase in cobalt



05 F EB 208 4 magnetic recording nedia due to a neniscus force 05 FEB 2003
t her ebet ween upon stoppi ng the magnetic head. At the present tinme, due to
,the inprovenent in hard disc systens, nmagnetic recording nedia have been no
| onger required to show such a surface_roughness for preventing the
magneti c head from being fixed t hereonfo. However, it has been required
that nmagnetic thin filnms used in these magnetic recording nedia have a nore
excel | entcosutehace thaonbbnesste Allsioy fiitln s ehdewnot bat deherhonasadoih surf ace
of magnetic recording nedia causes nmedia noise. In order to elimnate such
a nedi a saiebelity isdeaperdsar yof cheediec 6 na pawsbgeeofouginaedseofot he
magnetic thin film At present, in magnetic recording nedia using a

magnet i ¢ adiviegteet hnfilhehoes tdie et aoe Yhreogekei.es of the magnetic thin film
| argel y depend upon those of a substrate because the thickness of the
magnet i ¢ oxi d¥eahiwhiliel nthe piessnt dmieptors hayse adreadyePrhaPssd nm
Therefore, it has been required not only to use such a_substrate having an
excel | enttheuinyeatinpor aheEEng Hin tHis dadhemdrel spineéhhnquBschofaRur t her
snoot heni ng .t he surface of nmagnetic thin film Hitherto, as_nethods of
producin&xﬁéﬁﬁéﬁiPeh%%hnc@?WQ&Netﬁﬂ§Q§ SVEK IR 1) e85 nBPRBUT cOMPFERF ng
form ng g)hena%it& tMr1£iIn1on.a ) stratgﬂ re ucingfthe ematite thin
filmat &Yt EPEFRLUIRYoFPOPITHRE BT EASt BEAFEhEI HBREEFTE Ehin fil m

Lo af APACoF e 560°F et E it S I RO RORPT TR, Fitminio o -

maghem t I t et hegd (%?yising formng a magnetite thin film
on a 0%&%2%2(%9%%%3&%&53 g?%ate g% 3£Fdizing the magnetite thin film at
a tenperatureopf tRet ot RS KD, UL HRridrarstanpyt bainagnehttgatdi g film
into a maghemte thin film (3) a nmethod conprising formng a

cobal t - cedlegiciiyag fongsesani high ) fdd Medisr @tibhy aBBuad $8PSkAARE (DY000
deconposi ng vapors of metal chelate, nmetal carbonyl or ferrocenes

cont ai ni 0g)i.r ofiowerdeVX theser giagnittieprédent shat fihst are wtatiElnt sel ected
fromthe group consisting of Co, Cu, Rh, Ru, Gs, Ti, V. and No; and X is
0.01 to Oxifizad an bhemealyes and.a thepefoassi tengr E9sheedebauterapedsm by

applying .a magnpetic field thereto (Japanese Patent Application Lai d- Open
( KOKAI ) NB.S§gESiiﬁy(i@éﬁ§§Qd?ﬂttQéaéhqagﬁ PrReS8RERFE gf ha8epenvettongl y

demanded tom%rog'gg na neticerecording medi a having a maghemte thin film
capabl e 5F SREW o] R Feht %hgnetic properties, especially coercive force

squar eness ' rapdagp excelLANL: SHI a8 STROLEORSS othiLg,gpi ptai ning a high
coercive force. However, Such nagnetic recording nedia satrsfying these
requi remprbpehayvesnghe besnibtained W, i la PRWrective film of diamond-
like carbon, SiO, or the like having a thickness of usually
about 5 to 10 nm, is formed on the surface of the magnetic
alloy thin film, thereby causing the increase in magnetic
spacing corresponding to the thickness of the protective f£ilm.
In magnetic recording media, in order to reduce the
magnetic spacing, it is necessary to reduce the flying height
of magnetic head to as low a level as possible, and always
cause the magnetic head to be flying stably. In conventional
hard disk drive devices, magnetic recording media used

therefor have been required to have some surface roughness in

order to prevent the magnetic head from being fixed onto the



Nanmel y, in the above magnetite production methods (1) and (2), the obf&ift8d003
magnetite thin filmis taken out into atnosphere, and further subjected to
oxidation treatnment at a tenperature of 280 to 450C under the atnosphere,

t hereby obtaining the maghemite thin film However, since it is necessary
to conduct the heat treatnment at a tenﬂérature as high as not |less than
280C, there arises such a problemthat the obtained thin filmis

det er i or ateethatd cnergeetridé ngr npéia i dge due a onerigicatsi erteofhebebebwsenat e.
Therefore, it is required to select materials of the substrate fromthose

0 5 F E BrRO03®ordvonghanmasgeetientedat Ateshet aresentotihat dudsteat es
usable therefor are limted. In addition, since the magnetite thin filmis
t aken outthen idpreysHens, 1nhbared afi5ec Y St oblegRetdgeHegeredngaipAat on
thereof. On the other hand, in the method (3) of producing the

cobal t - cERVA Kty RRgRERPEE FEERITEE njO ST SUE RagHEAPER TRAVENPEFM s
formed at_ a substrate tenperature, as |lo s aboyt 5QC, it |s possible to
use pl asthio® SFESERLLEE ﬁﬁﬁem%$n%53r°§/e1%?aé¥/ o o o] r ﬁé‘efierﬁH?ﬂaFQt e,

pol yam des or the ,(like having a | ess.heat resistance, ,Howeyer, the obtained
megnet | o HPEENIEH nd trBaP aPRED or SYET S | o SRS GPAB, LTS, UgBRuEn1 a5

KA/m (1,700 Qe) at mpst. As a.result, of. the present inventors' earnest
studi o5’ (0P reRRg e shov A i it P et Bt e ar= B8 Por i ng a
magnetite thih fild-mon a substrate by sputtering method and then subjecting

€S5S, , . . . .
the magnetite {hln filmto sputtering treatnent in an oxygen-rich

at nospher e t o alils@Nsher Akt ReoPRIAes ¢ tend MdhfdndBthnsar@aFBIBEMnbgnkRER film
t he obtai ned magnetic recording nediumis excellent in coercive force

squar eneg®cdrddng sedfiaceasseothaess ndiwe pr eaestdenvest édDimhestdeen

attai ned based on the finding. SUMVARY OF THE | NVENTI ON An object of the
present ismeént oredis hoipeovidelia marpmtdny reecardiueg aediuufacenpri sing a
maghemte thin film which is excellent in magnetic properties, especially
coer ci ve rovgbaesguateibssmanehe tiimokielenhanced in surface snoot hness.
0 5 F EB 2003 Another object of the present invention is to provide an
industrially &dPEE§RBAT call JedRRait agsidipioassdar yeing a magnetic

oxide thin film, the surface properties of the magnetic thin
film largely depend upon those of a substrate because the
thickness of the magnetic oxide thin film is as extremely
small as not more than 50 nm. Therefore, it has been required
not only to use such a substrate having an excellent surface
smoothness, but also to develop techniques for further
smoothening the surface of magnetic thin film.

Hitherto, as methods of producing maghemite thin films,
there are known (1) a method comprising 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 magnetite thin film, and then oxidizing the
magnetite thin film at a temperature of 290 to 330°C to
transform the magnetite thin film into a maghemite thin film;

(2) a method comprising forming a magnetite thin film on a



produci ng a magnetic recordi ng nmedi um conprising a maghemte thin fi IQn5l§>EB 2003
sputtering nethod. To acconplish the ains, in a first aspect of the present
invention, there is provided a magnetic recordi ng nedium conprising: a
substrate; and a maghenmite thin filmfgrrred on the substrate, having a

t hi ckness of 7 to 50 nm a center-line”mean surface roughness (Ra) of 0.1
to 1.0 nmand a coercive force squareness S* value of not |ess than 0.50.

I n a secenbsaspeetand ¢kidjwiegprithd magmetdne tthene fidmpabvaded a magnetic
recordi ng nmedium conprising: a substrate; an underlayer forned on the
subst r at eempenptiisé ngf oxdtielesudihaas 3RiI0CKetcoxirdes fnayneke umagretater
cobalt oxide, chromumnetal, or chromumalloy such as Gr-Walloy, Cr-V

al l oy, cCkhin ailoyinko G -machanide tiie £ideghdrilt @ mathodli ferpoiaeddon t he
substrate, having a thickness of 7 to 50 nm a_center-line nmean surf ace
roughnes§orRANToR 60k}l A0-&im iaed MerobeaYidiey &hisr e 1BqdarenEsE SR dal ue

substrate by decomposing vapors of metal chelate, metal

carbonyl or ferrocenes containing iron and My (wherein M

represents at least one element selected from the group
consisting of Co, Cu, Rh, Ru, Os, Ti, V and Nb; and X is 0.01
to 0.1) and an oxygen gas in a high-density pressure-reduced
plasma by applying a magnetic field thereto (Japanese Patent
Application Laid-Open (KOKAI) No. 3-78114 (1991)); or the like.

Presently, it has been strongly demanded to provide
magnetic recording media having a maghemite thin film capable
of showing excellent magnetic properties, especially coercive
force squareness S*, and an excellent surface smoothness while
maintaining a high coercive force. However, such magnetic
recording media satisfying these requirements have not been
obtained until now.

Namely, in the above magnetite production methods (1) and
(2), the obtained magnetite thin film is taken out into
atmosphere, and further subjected to oxidation treatment at a
temperature of 280 to 450°C under the atmosphere, thereby
obtaining the maghemite thin film. However, since it is
necessary to conduct the heat treatment at a temperature as
high as not less than 280°C, there arises such a problem that
the obtained thin film is deteriorated in magnetic properties
due to migration from the substrate. Therefore, it is

required to select materials of the substrate from those



of not less than 0.50. In a third aspect of the present invention, thdr®eFER2003
provi ded a process for producing the nagnetic recordi ng nmedium according to
the first invention, conprising: formng a magnetite thin filmon a
substrate by sputtering nethod; and 5 FEB 20D3 a continuously
subj ecting the magnetite thin filmto Sputtering treatnent in an
oxygen-rich atnosphere in a sputtering chanber w thout taking out the thin
filmintbashngt amsgheskEl eno haznsfamimteheenagrethbe shbstfates i msabke
maghemite thin film In a fourth aspect of the present invention, there is
provi dedthepebersaré okimitvelici Ag eHdihbgnet §tneeconel i mrpmedditem tdcicor di ng to
the second invention, conprising: formng an underlayer on the substrate,
conpri si Aigloxisecsakewi ot alNaginaspbersty r Ghegeeadgehanssai pkeblens de,
magnesi um oxi de or cobalt oxide; chromumnetal; or chromumalloy such as
Cr-W al | 8ychcps \canfayination tdigx@pior COr-M alloy; forming a magnetite
thin filmon the underlayer by )
On the other hand, in the method (3) of producing the

cobalt-containing maghemite thin film, since the maghemite

thin film is formed at a substrate temperature as low as about

50°C, it is possible to use plastic substrates made of

polyesters, polystyrene terephthalate, polyvamides or the like

having a less heat resistance. However, the obtained magnetic

recording media have a very low coercive force, i.e., about

135 kA/m (1,700 Oe) at most.

As a result of the present inventors’ earnest studies for

solving the above problems, it has been found that by forming

a magnetite thin film on a substrate by sputtering method and

then subjecting the magnetite thin film to sputtering

treatment in an oxygen-rich atmosphere to transform the

magnetite thin film into a maghemite thin film, the obtained

magnetic recording medium is excellent in coercive force

squareness S* and surface smoothness. The present invention

has been attained based on the finding.

SUMMARY QOF THE INVENTION

An object of the present invention is to provide a
magnetic recording medium comprising a maghemite thin film,
which is excellent in magnetic properties, especially coercive
force squareness S*, and is more enhanced in surface

smoothness.



sputtering nmethod; and continuously subjecting the magnetite thin fllmgy{52m3
sputtering treatnent in an oxygen-rich atnosphere in a sputtering chanbe

wi t hout taking out the thin filminto atnosphere to transformthe nagnetlte
thin filminto a maghenmite thin film BRI EF DESCRI PTION OF THE DRAW NG Fi g.
1is aviewshowng X-ray diffraction %atterns of a maghemte thin film
formed by the production process according to the present invention.

DETAI LED DESCRid&ATH&N o5 ebHE dINVENT bEMsE&he presetionnients asrovide
described in detail below First, the magnetic recording nmediumof the
present industfidl B 2008 &rdnowdrbildy Bdveesagebed. pdbeesmgiwet i ¢ recordi ng
medi um of the present invention conprises a substrate and a naghemte thin
filmforpeddoninde suHstatdte refeorthegsmbdinat eomsedsimg t denquleserite
invention, there may be exenplified plastic substrates nade of polyethyl ene
napht hal giten (£EY) by dpattierisge megheght hal ate (PET), etc., gl ass
substrates, alum num substrates or the |ike. Among these substrates t he

gl ass subst r SfeRegEriatethed 2ims t he AREAESE caPRedF dP Aot MUAESSTE t he
present |nventjon, an underl ayer nay be dISEOSEd bet ween the substrate and
t he naghé%Y?Q$%9ﬂ¢1qhqqﬁ %ﬁsHﬂ9¥1§ﬁéeﬁlﬁ§€Pe %ﬁeF%C%ﬁ “%élwsﬁﬁﬂmhln films of
oxi des havi a, NaCl -type structure such as nickel oxide thin film
nagne5|uﬁ?TRf%ﬁ939nrlf|In1and cobalt oxide thin film chrom ummetal thin
film and chromuymalloy thin films made of G -Walloy, C-V alloy, C-Ti
alloy, Cr-M A 1?%e ‘ie Anong t hese underlayers t he ni ckel oxide

thin fil ' h il I m and
o F“oy”%?ﬁ%*%ﬁm% Shal el DG B B e FRAGe, Ml L
thin filpn{scised &6 1 he widerd akekent Be-TRghexLLL é@ff‘aéé | yadpided t her eon

is inmproved not only in magnetic properties) especially coercive force, but

al so in srHf age GNMDANNESS nd adldmed cbyrthee pEeseat sdiivesid.S* TR Y ckness
of the underl ayer used in the present invention is usually 5 to 200 nm
pref er abdfy ot ddd) viran \heéd .t he t hi ckness of the underlayer is |ess than 5
nm it nmay becone difficult to have the nore inproved surface snoothness of
t he obt ai ned Faghargaand wispedat] wfashai pedseptt heveresent thamatison.

provided a magnetic recording medium, comprising:

a substrate;

an underlayer formed on the substrate, comprising oxides
such as nickel oxide, magnesium oxide or cobalt oxide,
chromium metal, or chromium alloy such as Cr-W alloy, Cr-V
alloy, Cr-Ti alloy or Cr-Mo alloy; and

a maghemite thin film formed on the substrate, having a
thickness of 7 to 50 nm, a center-line mean surface roughness
(Ra) of 0.1 to 1.0 nm and a coercive force squareness S* value
of not less than 0.50.

In a third aspect of the present invention, there is
provided a process for producing the magnetic recording medium
according to the first invention, comprising:

forming a magnetite thin film on a substrate by

sputtering method; and



a-5 E E B 2003 10 Wien the thickness of the underlayer is nore than ZQPS?@BZMB
the maghemte thin filmfornmed thereon may be deteriorated in surface

snoot hness. The maghenmite thin filmmy be oriented. The orientation of the
maghemite thin filmis controlled by the underlayer. In case of using the
ni ckel oxide thin filmas the underlayér, in which the plane (200) of the
nickel oxide thin filmis predomnantly oriented in parallel with the
surface of theosubstoasky sl qitamy (@0aghethsenthbenfibnttdn filmis
predom nantly oriented in parallel with the surface of the substrate, so

t hat t he spbtaenédonhyeetnent egorali myveegi-adchsatsetphens &nperpendi cul ar
magnetic film In addition, in the case where the ratio of an X-ray

di f f r act EPHtEpEERY uphpRlakY | Wit idritt yradringheut1the phanefibmainte ray
diffraction spectrumpeak intensity of the (200) plane is nore than 0.5:1,
the rati 8t@psehener o9 teansient fihe megmespset ERmmpéakni feedsiti es of the
(311), (222% or (220) planes to an X-ray diffraction spectrum peak

i nt ensi t fegRerhke(4od) PtHhe becomes nore than 0.5:1, so that the obtained
magneti c recording_nmediumis useful as a |longitudinal magnetic film The
magher e ¢ hi 0f Al FPRSEY $9PTHe Fr ddEnBIEATEAt FBRSHALOR { HREkNesS of

Iy 7 to.850 ferably 7 tn 45 ferably.7 to 40 wh
Uhe i ht ckRegide ThePhEefenes sardhibentre ReduBbRrFSoniats el

to obtai t] or di Gﬁg;égq- Vi q ive force value of not
| ess ;haﬁc§ggagﬁ§n$§zﬁ%%d%%%g. en tﬁéé?h?gwﬁgg§§%§'the maghemi te thin
filmis nore eBag; 30 &ﬂWuﬂéeﬁﬁﬁﬂﬂﬁ§xﬂ%E%'%Hb&t%gtgﬂ'EQ&ﬁi¥éfﬁ§”ﬁﬁié@éthe
maghemte thin filmup to a deep 0 5 F E B 2003 11 portion thereof,

t her eby havihgdatRa@chigye foadmgad et Wei heckbar agi e shagsesiaanwhi l e,
maghem te is generally represented by the general fornula: 'y-Fe203.

However , oklhéemagheobt bt usaldes; idhyresenieitatendroohnayivwoniBloy Fath of in a
smal | amount. The maghenmite thin filmused in the present invention may
cont ai n aspfedét et hdtnedCariduntlaf, cobdlit aflheyepn €orMenabheyng a coercive
force thereof. The anmount of cobalt contained in the nmaghemte thin filmis
usual |y not nHPEMRAP ZRFMSE MG ghin gidfePBbFYe 1uR8e1bBY Sy WWei ght based on
t he wei ght Eg Fe. v%e€?2$g copalt content is nore than 20% by weight, it
may be dPPFFcEft"¥o™outdh Hhagnetic recordi ng nmedi um havi ng an excel | ent

stability indgpgpagnt, of , COAAG £ hPIFRAGMEARELLEEBLhin £ilm to
sputtering treatment in an oxygen-rich atmosphere in a
sputtering chamber without taking out the thin film into
atmosphere to transform the magnetite thin film into a

maghemite thin film.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a view showing X-ray diffraction patterns of a
maghemite thin film formed by the production process according

to the present invention.

DETAILED DESCRIPTION OF THE INVENTION
The present invention will be described in detail below.

First, the magnetic recording medium of the present



Meanwhi | e, the maghemte thin filmused in the present invention may
contain, if required, an ordinarily used el enent other than cobalt such4£B 2003
M, NN, Cu, Ti, Zn, C, Bor the like, at a nolar ratio of the elenment to
Fe of preferably about 0.005:1 to about 0.04:1, for inproving various
properties thereof. The addition of thése el ements facilitates the
production of magnetic recording nmedia having a high coercive force. Anong
vari ous pavemstensief débersbed.ace roughness of the maghemite thin film the
center |line nean roughness (Ra) thereof is usually 0.1 to 1.0 nm
preferably 0. TheomBgfehiy nererdiref ercatityn @flthe Pr8sent Wheaenthencenter

| i ne mean roughness (Ra) of the maghemte thin filmis nore than 1.0 nm it
is difficompriisesbtasnbsteatz redl ef regheofi tehghpnefahn fopmsd FoE 81003 12
i nvention. The maghemite thin filmused in the present invention has a

coer ci ve shbstsasguar eness S* value (referred in Magnetic Charecterisation
of Thin Film Recording Media, published in | EEE TRANSACTI ONS ON MAGNETI CS,
Vol . 29, No. &s Jhauarhstrateopeddgedheseregentofinysnhl Py  0LB6Ye omay 90,
preferably 0.55 to 0.90. Wen the coercive force sq arenefs S* value is

| ess t haRe0S&emPhef ARG hetA$ el ¢ HUPSAHSSs T9EEe PEOPALERLIRLEVEr ur | t o

h teristi d, theref , S i | i I ' di
wedi o, ARBRGPALEDS! AHEN br SO A 1S A5 PSGRNGLE. OFELhe HEGhem (e thin
fil th [ L ght t h f . f ly. 1t
or of br 2P} STt BLTBCRRLoSt (1T RGPS SPEREF A Tri 68 ARK=UnHERE. maxi mum
hei ght ' j i L tain th i med
o oot of RS BYSSBEE T RUORLT G ARes e e "LReCt AR T T of 1 he oxi de

having a NaCl thypgeShisedtie deeIrelimRdmaihe o¥NEBE! BYescAR {heestiDSA! at e
or no underlayer is formed on the substrate, the magnetite thin filmas a

precur soanf uhaehdsyan Bhedhd iCidpdesl Seaneenyaheesobspreterabdytidet o 500
kS2, and the nagnetic recordi ng medi um of the present invention has an

el ectri cabghemiiseéanbin vl le. oAsptbkennfeylgpetr o Bhe®OndyEXe nogesd pref erably
50 to 2, 500 M52, still nore preferably 50 to 2,000 M52. In addition, in
case whekBiRh&idéms onf upkideslhaiing & NeaCdrtype ehrvftuheafhey &Bin filmis

formed as ., the_underl ayer on the substrate, the nﬁgnetl e thin fjlmas a
pr ecur soPLFKEM A%sde BRI B FHemera U C&FEEt FIERI L e8i 3PAnTeP%hF ue of

Pl abh B ok L7 P AR 500 TR ML, bLPg o
thin films made of Cr-W alloy, Cr-V alloy, Cr-Ti alloy, Cr-Mo
alloy or the like. Among these underlayers, the nickel oxide
thin film, magnesium oxide thin film, chromium (Cr) metal thin
film and Cr-Mo alloy thin film are preferred. In the case
where the nickel oxide thin film is used as the underlayer,
the maghemite thin film formed thereon is improved not only in
magrnietic properties, especially coercive force, but also in
surface smoothness as aimed by the present invention. The
thickness of the underlayer used in the present invention is
usually 5 to 200 nm, preferably 5 to 100 nm. When the
thickness of the underlayer is less than 5 nm, it may become

difficult to have the more improved surface smoothness of the

obtained maghemite thin film as aimed by the present invention.



Wien the electrical resistance value of the magnetic recording medi um(issFEB 2003
|l ess than 0.1 M52 or 50 M52, there may be expected that magnetite still
remains in the maghemte thin film resulting in adversely affecting
properties thereof. The magnetic recorgéng medi um of the present invention
has a saturation magnetization value (val ue of magnetizati on when applying
a magnetic field of 1,590 KA/Am (20 kCe) thereto) of usually 29 to 53 Vvdb/n8
(230 to 4@ererdecB)ckpeeteofbtlye 3tndexr BgyaM /i mo240 thand 200emw, ctBe, nore
preferably 31 to 53 W/ nB (250 to 420 enu/cnB); and a coercive force val ue
of usual Imaghemiltesshtihafilfof kvied (Zha0SrOsay feedertaplipragedt anl, 194 kA/ m
(2,500 to 15,000 Ce). Next, the process for producing the magnetic

r ecor di nggurddicemsacoshdeng.to the present invention is described. The
magneti c recordi ng nmedium of the present invention can be produced by

form ng a magdaE meghrmatei Fhdont ble rsy rkg ©meEndset-t eFRAgORLeRbATIGAd t hen
continuously_conduct the sputtering treatnent onto the magnetite thin film
in an oxyferthe @ﬁgﬁ‘?%§ﬁhégéniﬁlld“sb‘iutcf%?qq‘?&]@ﬁaal?yerthﬁ UReeE leXRtng out the
thin filminto atnosphere o transformthe nag ite thin filminto a
mmghen 67t K351 FENTERRE. SRt BEeTol GhHR drie doad B ChE BPESEHEYERyenti on

i t ti I I tri Al \ tterni . |1
used 1 of WONRIEE 1t ReBRut FaT) RG? riethdt. Shey Be e 6 8 F 21l 2003 14 ubed
inth N i on. h I NV:eRt i f ti f th
R S L ke e R e SR S
Oxygen-ri%%%éph%Fg BEXnQe,(@W)“@P%% Ynfefeitleeq i ¥heSqge sputtering

chanber . tive y using two separate sputtering chanbers di sposed

adj acent f&d%?e&haﬁﬁ:'l?r oriBgté@rimipHmofe1 e dmamet ishe rhbienofi kremay be
conducted in one chanber, and then the sputtering treatnent in an

oxygen-r igibsatamephene that cohé | shroaiciad aenrhettied rigroaddahhemedhanbés w t hout
taking out the thin filminto outside atnosphere. In the consideration of

i ndust ri alsefuddast evibeypendi¢glyr aiagnetia Habtlm.he formation of the
magnetite thin filmand the subsequent sputtering treatnent in an
oxygen-rich atfodgRétéchr elBebaf R3S WatiRudthed Tt ichett @8 & fre¥r ent
chanbers. _, nwhi.le, it is preferred that the Feﬁr?;ta}rqgs or Fe alloy target
used for P PGEHRP SREGFT AL TG et 1T 1R % 50 i'd14) sBP8P&t E%AB from

t hat used, . : aric f r [ t ma ite thin
e 8 %&Sﬁéﬁq@?é%h?ﬁﬁ%ﬁ'ﬁ% rrl%tnegisﬁ& i |(21%8£ngg§£8r oduced
using a Knowa gPYHLAr bNg: RPPERALMS: i QW H A NG B §eta 2 dierdarchigh
retaining the substrate, a vacuum chanber and the |ike; for exanple,

"G 3102" Jgmatuthac beard i BY ek OH LEN ANBRUBA 1G9, (2BD)) oand 228k 25ahe$06"
(manufactured by NIHON SHI NKU G JUTSU CO., LTD.) by the follow ng nethod.
That is, @ minx&drgasdddhipaseionfsmegigem arehk dneegad tiys ofnttheddéd)t o t he
sputtering chanber in which the Fe target or Fe alloy target is di sposed,
and the mdgnet Peeomabnmdt e nthan deposh t etp dhathd&hsulebtpinedwnbpaetio 5 F E B

2003 15
recording medium is useful as a longitudinal magnetic film,

The maghemite thin film used in the present invention has
a thickness of usually 7 to 50 nm, preferably 7 to 45 nm, more
preferably 7 to 40 nm. When the thickness of the maghemite
thin film is less than 7 nm, it is difficult to obtain a
magnetic recording medium having a coercive force value of not
less than 159 kA/m (2,000 Oe). When the thickness of the
maghemite thin film is more than 50 nm, it becomes difficult

to uniformly magnetize the maghemite thin film up to a deep



controlling the flow rate of oxygen (CCM contained in the mixed gas GodEB 2003
the magnetite deposition velocity (nmsec.). The ratio of the oxygen flow
rate (CCM to the magnetite deposition velocity (nnfsec.) varies dependi ng
upon various conditions used for obtaining the magnetite thin film by
oxidizing the Fe target or Fe alloy t&#get, for exanple, kind and structure
of apparatus used, deposition rate, total gas pressure, substrate

t enper atpoe; icurfleose e edheiredyuifeeding tar gehievet deodikead land he present

i nvention, the "oxygen-rich atnosphere” used for obtaining the maghemte
thin filwyitpearkatdetemgitdeshavi ng such an oxygen partial pressure under

whi ch the surface of the Fe target or Fe alloy target is oxidized so that
the fil mforMedvhide oglaghedtltengheteneradlyehapkapeyteddneds®. In this
condition, the cathode current is considerably increased and the voltage is
consi dergdnher ale cf @aseld ay-Beppar eHowveveéhe thadhddloemisenesable siur f ace of
the Fe target or Fe alloy target renains unoxidized. In the present
invention, it is considered that Fe3+ ig sputtered fromthe target by
conduct i PERISRE skiMandriiqly may seEkaaR BRYg&t dincR &M¥S<pRBPERER which the
formation rate of the magng&;te fil mdegreases renmarkabl Mor e

speci fi cal | y, Th% RHELH &Ry SR EES nﬁPiBheaBb%?%?Esyéﬁﬁﬂf%QPtWﬁy

t o tion, th -rich h h i .
SRt T of yi T e O TITE Eede OB by ot REPRbF i are oz o* iaibsing o 5
E B 2003?;é%¥%?i¥%rkéﬁ%%'éié%%o%%ygﬁﬂef%ﬁgﬁﬂéu (ég%glé“§%%5 h,ehg noX1 dati on
treatnent; an s a magnetite deposition rate (nmsec.). For exanple, in

the case.pf n%%‘_hén:@:é NH 3G m HQGH%?&&%%Q( Bbe%&%ggﬁgxﬁ)Zéos@w%angt,

oxidizing the Target is not |less than cc™ . , In the case of R =

1.0 (nmsestdrabne Pxo@end wweatr( badkacapnabhe wEight dbzirg, t hdehar get
is not less than 12 (CCM. In the present invention, the sputtering

t r eat mrenthefcdivel tregpretdrite ilshimorkl khbann2af byxygebght chiatmmsphere i s
conducted at a substrate tenperature of usually 30 to 250C, preferably 80
to 200C.dMirule wubsiteire a ewmgoeatar eecerding ohed hem dbavings pati f i ed
range, it may be difficult to sufficiently obtain the ained effect of the
present ¢ sh . siapiHE Y ieserenfrpEnPfofhaRERe $RaRRFEAFY iGfe Rk red for

the sputtering treatnent .in _an, oxygen-rich_atnosphere ig usually 1 to 30
seconds, pr efhg?%m'f e _othﬁ)m?@@&H‘)ég.e \rl\héﬂ tfﬁimr‘ég‘é i O *fsl??‘repf%s‘%/rétss t han
one secondyids JRRP lididdicul b oot Lial eahl ¥ abhai m ¢ hes g el efdect of
the present invention. en t'he reaction flne rs nore an seconds, the
obt ai ned,ymghemd,e ddpd idynnmay be, deterbgraved &, negne i s prpperties.
Further, in the case of the magnetic recording nmedi um having the
under | ayeike t her Wndeslaayaradis pirekhel Baembycf ebned 6n phefstlstyy ate, and
then the magnetite thin filmis fornmed on the underlayer and then
transf oradeslit M O G5el negldootce Ot.10kN 1f | Epy aspdesting bearadove. The poi nt of
the present invention lies in such a fact

properties thereof. The addition of these elements

facilitates the production of magnetic recording media having

a high coercive force.

Among various parameters of the surface roughness of the

maghemite thin film, the center line mean roughness (Ra)

thereof is usually 0.1 to 1.0 nm, preferably 0.1 to 0.9 nm,

more preferably 0.1 to 0.8 nm. When the center line mean

roughness (Ra) of the maghemite thin film ig more than 1.0 nm,

it is difficult to obtain the aimed effect of the present



0’5 F E B 2003 17 that all treatnents including the formation of the 05 FEB 2008
magnetite thin filmby sputtering nmethod and the subsequent transformation
of the magnetite thin filminto the naghemte thin film are conducted

wi t hi n vacuum appar at us w t hout taking}%ut the thin filminto atnosphere.
Hitherto, in order to obtain a naghem thin film it has been required to
take out a nagnetite thin filmformed in a vacuum apparatus into

at nospherigyvemrtd onhen subj ect the thus obtai ned magnetite thin filmto

oxi dation treatnment under atnosphere. On the contrary, in the present

i nvention, alThehaeghemébenthin £dkmbesednit Mdwigisessoiddavestiant hasvacuum
apparatus. Therefore, the thin filmis free fromcontam nation or

pol | uti o aees@iviengoraesbaprecpe? atl ol usuitefEarrad ithdagassief the
conventional heating treatnent conducted in_atnosphere, the whol e treatnent
i ncl udi nGFhreRateg 18a81e80PF nFhER Pkl diftfi Pt e WiH2 / hdid 1sbrdt ki
contrary, _in the present invention, since suc@ rol.onged heating and
cool i ng SEEEs TRAVSAGTIPNGUPN MACNREIGS me/lequiite CFoﬁ'p%BHBEFﬁglthe
maghemte thin film onsi der apl tened. I n _additi he_process
of the pﬁé@gntppﬁ$§n§ggﬁ9§%ﬁ Be 29 égng{Tﬁ’&%P i Vel eFS%Ryehpgpature
as conpared it @.t he_conventi onal .net hods. refore lLastic_subsirates such
as PET suostor%toe', SUBStTRCS o & %g%ﬁﬁﬁglﬁsgrg ng%li%%pﬁc%%ﬁf’se to the
convent i ho : i : g i i

obtainedqﬂgb gﬁ?fegﬁﬁiﬁggP?ﬁ%?geg?%géﬁpgbgﬁfom %s#%%%%%ggpo?g?ggp?ﬁe
magneti ¢ PLoRekLLestdug LQauUndesi&addn gratipbdiriemle tsubabhat ecand/ or
under | ayer. 0 5 F E B 2003 18 The reason why the magnetite thin filmis

t ransf or malcatraihpemgaghemte thin filmby the process of the present
invention, is considered as follows. That is, when Fe3+ is sputtered

agai nst the nmagoeti tketbanaheteays tdie Sputderfeddeduchaessasfanhexi di zati on
on the magnetite thin film thereby pronoting such an oxidation reaction of
Fe2+ -~ Peghemige thinafdimi orhe tihaxispm tl'efrlélgltFe@lnawhi therees &5 an
oxi di zing agent, is reduced into Fe2+ which is then subjected again to the
above oxipdafieosabigatt tonl2 Threr efore, prdfersidin-l itce L0eant, i shiplonerds
continuously, so_that the whole nagnetite thin filmcan be transforned into
t he magh®Feferehily i ten 9 Fp:  Whemowdexmaxymgmf Reaght ofRpatt dEngogk a
maghem te thin filmfornmed on a nickel oxide thin filmby the production
process tharhé2pneseht bhayepe i dhtfixglghdwn dhtering.the admedoefdettraéti on
peaks were attributed to naghemite, i.e., no diffraction peaks of magnetite
were obséPfeBTreTRBEIBY®t1¢is clearly confirned that the nagnetite thin

fil b letely. t f dintot hemte.thin fil th

ploggggnofetﬁgggFgggn h%%%Qﬁ?%L .”ﬁb%ﬂ%éfﬁgﬁﬁggégag$§hﬁgéggvédﬁ%g¥beaﬁs of
bst t hem i | i t i

Theret o Yo SEEubPaPe CROMEMAG) M s (Dot R Whe! BlobtEfre or

m grati oRcothingubshiatl e anebAhedi SO iR tafa tlhe drk dayher et Bt ensidhe
reason why the nagnetic recordi ng nmedium of the present invention can

exhi bit @nilgpxael heptesuraeef SIMaidmess elaotedrsildered saantel avte dhat is,
since the magnetite thin filmis treated at a | ow tenperature, the growh
of crystakeferably 1 to 500 k€, and the magnetic recording medium of
the present invention has an electrical resistance value of
preferably 50 to 3,000 MQ, more preferably 50 to 2,500 MQ,
still more preferably 50 to 2,000 MQ.
In addition, in case where the chromium metal thin f£ilm

or the chromium alloy thin film is formed as the underlayer on

the substrate, the magnetite thin film as a precursor film has



0 5 F E B 2003 19 grains thereof is inhibited, so that the nmagnetite @&nfgB2003
uniformy transfornmed into maghemte. It is further considered that due to
the uniformtransformati on of nagnetite into maghenite, the obtained
maghemite thin filmcan be prevented frombeing deteriorated in magnetic
properties. The nmagnetic recording nmedtiim of the present irwention is
excellent in surface snobothness and nmagnetic properties and, therefore, is
sui t abl e aas dlleaseritadl heghstense tyalhwecarfdiprgpfeMa®bdy 0nlt he pook8ss for
produci ng a magnetic recordi ng nmedium according to the present invention,
all treatamehtthecamaghetdondacording rediow tehpdeapuresentt hhneat vas ubas
apparatus without taking out the thin filminto outside atnosphere.

Ther ef or @n iecirésent reavenahon cairayime fzrabilyalbl. @ pootesHdQf.or the
production of magnetic recording nedia having excel |l ent properties.
EXAMPLES The phesefitei aleattbral srefeisyvarsml vialuenod dbeantoghgt Exanpl es and
Conpar ative Exanples, but the Exanples are only illustrative and,

t her ef or ¥ecREEing: BaaeHTt bS| Less ERRN LopdldfoR O PEsdritelianveait iksn.
Various properties_were neasured by the foll ow ng_nethods. (1) The
thlcknes§x§?c§e@a§H€Fl@ag%?E%t%oﬁ%kk%x¥§ﬂaHﬂ@e1ﬁa ket pegheRi ket FR#R or
maghemi t h|n flliémas determ ne Iloms That is ore formng the

R B - L Cali eﬁet&n@npaogﬁﬁ&f’-ét%;*eﬁ% after

deposi ting therhe magnetic recording medium of the present invention
has a saturation magnetization value (value of magnetization
when applying a magnetic field of 1,590 kA/m (20 kOe) thereto)
of usually 29 to 53 Wb/m3 (230 to 420 emu/cm3), preferably 30
to 53 Wb/m3 (240 to 420 emu/cm3®), more preferably 31 to 53
Wb/m3 (250 to 420 emu/cm3); and a coercive force value of
usually not less than 159 kA/m (2,000 Oe), preferably 199 to

1,194 kA/m (2,500 to 15,000 Oe).

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 forming a magnetite thin film on a
substrate by sputtering method, and then continuously conduct
the sputtering treatment onto the magnetite thin film in an
oxygen-rich atmosphere in a sputtering chamber without taking
out the thin film into atmosphere to transform the magnetite
thin film into a maghemite thin film.

The sputtering apparatus used in the present invention is
not particularly restricted. Any known sputtering apparatus

generally used for conducting the sputtering method, may be



thin filmon the substrate, the deposited filmand the 05 F E B 2003 FZ@ 2003
underlying line were sinmultaneously renoved using an organi c solvent. The
thus forned step hei ght was neasured by a tracer-type surface roughness
tester (manufactured by Veeco Co., Ltd.). The thickness of the respective
thin films was calcul ated fromthe neastired val ue. (2) The oxidation of
magnetite thin filminto maghemte thin fil mwas confirnmed by neasuring the
change i nuset f At eHee Pradsievitt Ynobnthent hin filmas an i ndex of oxidation

t hereof by the follow ng method. That is, the surface electrical
resistivity ofIrn hharagreknte ihkentiohm tisei fotee: iange athe0 mdghetdt@. 5
M52,, whereas the surface resistivity of the naghemte thin filmis raised
from 1 totiBi0l IMB2Andlibes subaeguersi spu v ¢ying st messnandgd iy aan | nsul ati on
Tester DM 1527 (manufactured by Sanwa Denki Keiki Co., Ltd.) by setting the
di st ance drerawserriako girmolspbere meynhe ¢t Meovsaycaiduatadt iion that t er ns of
the respective thin filnms are expressed by val ues neasured by "X-Ray

Di f f r act oyt rsHRINPrAgQ0 chembatf ack raadani VRILGAKBYDERKNSCove  sgpayatdhe
measuring conditions of the X-ray diffraction patterns were as foll ow

Cu- KOC, tBi: &es1inggehanbepy: digpesedridinceho-aneadnmiierg wdt h of

ti I i t : 0.020:; light 11t i t l[it: 0.2
Soat t ori i S RO BREDFBLERVERG: of 4 10 st SencacieRt EngrE (A)
0.2; diff t 2A).: 10.00 to 70.00 .. 05 FE B 2003 21.(4) Th
curf ace rOUGHGEs XEATER PR HERRT SURFENRRY Sha i A Forhh

(Rmax)) of - flemanald Lo tBhnohLh, ok, 42 A dhdy | g freasur ed
usi ng an atom™c force m croscope ?]I’TB.I’]U act ured{eby gl tgﬁqa}q%sfr unent s
(D.1.)) . wichevaldgatied WukhchespREL £01R IidNRAUAR afteRsPhetach il m
the consideration of industrial productivity, it is preferred
that the formation of the magnetite thin film and the
subsequent sputtering treatment in an oxygen-rich atmosphere
are separately conducted in the two different chambers.
Meanwhile, it is preferred that the Fe target or Fe alloy
target used for the formation of the magnetite thin film is a
separate one from that used in an oxygen-rich atmosphere for
transforming the magnetite thin film into the maghemite thin
film.
The magnetite thin film can be produced using a known
sputtering apparatus including a target, a holder for
retaining the substrate, a vacuum chamber and the like, for
example, “C-3102" (manufactured by NICHIDEN ANERUBA CO., LTD.)
and “SH-250H-T06” (manufactured by NIHON SHINKU GIJUTSU CO.,
LTD.) by the following method. That is, a mixed gas composed
of oxygen and rare gas is introduced to the sputtering chamber

in which the Fe target or Fe alloy target is disposed, and the

magnetite thin film is deposited on the substrate while



(5) The magnetic properties such as coercive force and saturation 05 FEB 2003
magneti zation of the nagnetic recordi ng nmedium are expressed by val ues
nmeasured by "Vibrating Sanpl e Magnet oneter VSM' (manufactured by TOEI KOGYO
CO., LTD.). The nmagnetic properties of ghe magneti c recordi ng medi um were
measured by applying a maxi num magnetijc field of 1,590 KA/m (20 kQCe)
thereto. Exanple 1. <production of nagnetic recordi ng nmedi un> By using an
in-1ine diostrsddtingr ithg &pperaste 0T GnEn ((RMUf avnracdedy iNl EREDEN
ANERUBA CO., LTD.) and setting a distance between a glass substrate and a
met al ( Nmjixesy gets eodgshammaghet Fee aflepes igaitorwaie logittverat/aecod di nary
tenperature in_an oxygen and argon atnosphere having an oxygen flow rate of
10 CCM an oxyenrpadei af phesstygenf oW s &i¢dl)a toothe presstiseof
0.094 Pa,_therehy fornmng a nickel oxide thin filmhaving a thickness of
100 nm atfeRoddidont VeACGerBeil B/ B8C 1) nYASkRS IPaRENG 4P8NsYBSLPHEe. Then,
a netal alloy (Fe + 3 wt % Co)_target s sputtered at ,a tenperature of 150C
in an ox é’ﬁlylé:ﬁt?nér Y6R%atrbspRER ENHAT | M MPBBFGET el £ad® 8 22 coM an

oxygen part.i.al .pressure of 0.03 Pa and total pressure of 4.38 Pa, .t hereby
forming & -lgdﬁ]tgai% engengaﬁ%ﬂ:t%r 9% %lallfD}E t@‘ré%@ % Tt RFA™PEPm Eé{?iﬂng a

t hi ckness _of 40 nm at deposi ti vel oci of..2 nni.sec. an e _nickel

i do nERc AEUIREE, BecEBRRkalol B ddbdli A REE BB R o RE  was

conti ”Uogje%stu&%e}t edpsRrLpg Eéxg}'[?%f%&g#&t % AP ULLET io@gsgﬁg%ﬂng' Loy (Fe

+ 3 W% Co) target at a tenper 1 I'n an oxygen argo

at nospherg av g aRcoxygen flow rate of 74 CCM an oxygen partial pressure
of 0.12 Pa and a total pressure of 0.40 Pa, thereby transformng the

Co- cont ai ni ng THR@Ret bresbAt NifilbAtisch 0 thlo-Rgricni-1irg Brgbephteethin film
The thus obtained Co-containing nmaghemte thin filmhad a thickness of 40
nm a sunfsace fcaughnessingptieeendgiehita tdeint €ilim, nemerantheugkpéss (Ra) of
0.8 nm and a maxi mum height (Rmax) f 9 ~~ a coercive force value of 259

KA/ m (3, X50108) sughdaa evggenvearbial BpRAWResndeT whligh sheosszfaEranpl es

2 to 8 and Conparative Exanples 1. to 2: The same pr.ocedure as defined in
Exanpl e Phnddiec §fdGeF88teREePE #hatY atRiHRt ofS H&iEedoRPgER2FI 6erate and

filmthi ess used.upon the.fornption af..cobal t-containing magnetite thin
1 m g iEdr s PR Re A8 i Y TR st €6 ok Far R e R RS R
h i Ly th b Qi t i di a.
Veanhi | o oY BB oh IPLADYC QOGRS (B S G pdfkthigyMod! @
increased and the voltage is considerably decreased as

compared to the condition where the surface of the Fe target
or Fe alloy target remains unoxidized. In the present
invention, it is considered that Fe3* is sputtered from the
target by conducting the sputtering in such an oxygen-rich
atmosphere in which the formation rate of the magnetite film
decreases remarkably.

More specifically, in the sputtering film-~formation
apparatus used in the present invention, the oxygen-rich
atmosphere means such a region satisfying the condition
represented by the formula:

Fop/R 2 12



was directly formed on the glass substrate, the magnetic recordi ng nediYunptB 2003
was produced by the sanme nethod as defined in Exanple 1. In Conparative
Exanple 1, after the magnetite thin filmwas fornmed by the sane met hod as
defined in Exanple 2, O5FEB 2003%1%3 t he oxidation treatnent was
conducted at a tenperature of 320C in nosphere, thereby obtaining the
magnetic recording medium In Conparative Exanple 2, after the nagnetite
thin fil WhereitoFaedshypnt eygane fhevhsatas (Qa) neged nf®&xat e 1, the

oxi dation treatnment was conducted at a tenperature of 320C i n at nosphere,

t her eby obtidianiing theatmgne; i and exordiangnapedittime Bepoptiadoat ranecondi ti ons
are shown in Table 1, and various properties of the obtained nagnetic
recordi ngnngeiea.are shown in Table 2. Conparative Examt~l e 3 The sane
procedure as defined in Exanple 3 was conducted except that after formng

t he magnetit eFpli ax&inbhewasn com i sasristly meat2-Or damedeicn ) v héheaouoen
apparatus _wi thout conducting the sputtering treatnent, thereby obtaining

t he magnéicy reter dFad wegpbie ¢ﬁeO§F@HQé@goﬁh%oﬁﬁﬁg¢%h§3éﬁéiéhﬁﬁh in Table
1, and various properties of the obtained magnetic recordi ng nmedium are
shown i ntFahl 842 (CEManpla <k: iBy thel mgsancifnRl Fné.di $kmépact bri tige appar at us
"G 3120" (manufactured by N CH DEN ANERUBA CO., LTD.) and a MyO sintered
target, PkygRp0Lfdpwt cate f%ﬁgepamablSpgft@Ke@l%RHQWtﬁ¢mﬁ%KQQ#nﬂﬂenqne in an
oxygen and argon at nosphere having an oxygen flow rate of 0 CCM and a t ot al
pressur eleksO0tBE&nPa2 {(deMeby formng a MJO thin filmhaving a thickness of
70 nm at 05 F EB 2003 24 a deposition velocity of 0.2 nmsec. on the

gl ass substrafla. thepsanenprovediieoras Wef isped tier IBgarpla thenss ofohbiact ed,

t her eby obt ai ni ng Eerpendlcular magneti c recordlng medi um i n which _the

pl ane (206PNSFiERetED Fhim 1130 | SV ﬁttmsmeéﬁt i FANERF&PFel wi th
pr edorm naft Py SHPREREER FHBSEATER R4 (1P e edit S0 260 ThePERREFRALE, |
Exanp|6886lt%n906gc. When the substrate temperature is out of the
above-specified range, it may be difficult to sufficiently
obtain the aimed effect of the present invention.
In the present invention, the reaction time required for
the sputtering treatment in an oxygen-rich atmosphere is
usually 1 to 30 seconds, preferably 1 to 10 seconds. When the
reaction time is less than one second, it may be difficult to
sufficiently obtain the aimed effect of the present invention.
When the reaction time is more than 30 seconds, the obtained
maghemite thin film may be deteriorated in magnetic properties.
Further, in the case of the magnetic recording medium
having the underlayer, the underlayer is preliminarily formed
on the substrate, and then the magnetite thin film is formed
on the underlayer and then transformed into the maghemite thin

film, as described above.

The point of the present invention lies in such a fact



By using an in-line disk sputtering apparatus "C 3120" (rmanuf actured[]br)yFEB 2003
NI CH DEN ANERUBA CO., LTD.) and the Cr netal target (Exanple 11) and the
Cr-M alloy target (Exanple 12) was sputtered at ordinary tenperature in an
oxygen and argon at nosphere havi ng an oxygen flow rate of 0 CCM an oxygen
partial pressure of 0 Pa and a total p]r7essure of 0.37 Pa, thereby formng a
Cr metal thin film(Exanple 11) and Cr-M alloy thin film (Exanple 12)
havi ng athhickhgssreéthéniun atcladieppsite dorwalcaont pfothd magseciten t he

gl ass substrate. The sane procedure as defined in Exanple 1 was conducted,
t her eby ohtiai fiihy bymgaetercine oortdiaty ameditlm sub8efuEnE B 2003 25 Table 1
Exanpl es an Conpar ati veProducti on conditions of nagnetic recording

medi unExampheserodutononf corelindmresidgfe (ider Ifdyer KnhdOrhgemadhemi tat e
(CCMFilm formation velocity (nmsec.)Substrate tenperature (C) Exanple

2- - - - Exabpliie 8ANL0102Pr6Examg et &fNivOlIdiz0 Besiybine apRRO20R2 0Fk Bhph e

6Ni 010120Exanpl e 7Ni 010120Exanpl e 8Ni 010120Exanpl e 9Ni 010120Exanpl e
10My000. P2BERENPrE ther DRimobEm it FEOOME$r$20Conpar ati ve Exanpl e

1____Cbnparatﬁyghg¥€gPlEnzgﬁggg%iggﬁﬁgggﬁgi%%ghemite thin film, it
has been required to take out a magnetite thin film formed in
a vacuum apparatus into atmosphere, and then subject the thus
obtained magnetite thin film to oxidation treatment under
atmosphere. On the contrary, in the present invention, all
these treatments can be continuously conducted in the wvacuum
apparatus. Therefore, the thin film is free from
contamination or pollution, resulting in simple operations.

Further, in the case of the conventional heating
treatment conducted in atmosphere, the whole treatment
including heating and cooling steps requires several hours.
On the contrary, in the present invention, since such a
prolonged heating and cooling steps are not required, the time
required for producing the maghemite thin film can be
considerably shortened.

In addition, the process of the present invention can be
conducted at a relatively low temperature as compared to the
conventional methods. Therefore, plastic substrates such as
PET substrate, PEN substrate or the like which are not
applicable to the conventional methods, can be used in the
present invention, and the obtained maghemite thin film is

prevented from being deteriorated in magnetic properties due

to undesired migration from the substrate and/or underlaver.
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Conpar ati veProduction conditions of magnetic recording

medi unmExanpl esProducti on conditions of magnetite thin filnOxygen flow rate
(CCMFilmformation velocity (nmsec. )Substrate tenperature ( C ) Exanple
2222150Exanpl e 3222150Exanpl e 4222150 npl e 5202150Exanpl e 6222150Exanpl e
7222150Exanpl e 8222150Exanpl e 9222150Exanpl e 10222150Exanpl e

11222150Exanpiteel 2222 3R 0Gaypeti@thach dianp e 112 22 100 Cenpasas £ vem Ekanel e
2222150Conpar at i ve Exanpl e 3222150 05 F E B 2003
the maghemite thin film by the process of the present

invention, is considered as follows. That is, when Fe3* is

sputtered against the magnetite thin film, the sputtered Fe3+

acts as an oxidization on the magnetite thin film, thereby

promoting such an oxidation reaction of Fe?* — Fe3* + e-. 1In

addition, the sputtered Fe3* which acts as an oxidizing agent,

is reduced into Fe?* which is then subjected again to the
above oxidation reaction. Therefore, the chain-like reaction
proceeds continuously, so that the whole magnetite thin film
can be transformed into the maghemite thin film.

Fig. 1 shows X-ray diffraction patterns of a maghemite
thin film formed on a nickel oxide thin film by the production
process of the present invention. As shown in Fig. 1, all of
diffraction peaks were attributed to maghemite, i.e., no
diffraction peaks of magnetite were observed. Therefore, it
is clearly confirmed that the magnetite thin f£ilm can be
completely transformed into the maghemite thin film by the
process of the present invention. Further, there were
observed no peaks of substances other than maghemite such as
nickel oxide or the like. Therefore, it is also confirmed
that the maghemite layer is free from migration of substrate
and/or nickel oxide or the like thereinto.

The reason why the magnetic recording medium of the
present invention can exhibit an excellent surface smoothness,
is considered as follows. That is, since the magnetite thin

film is treated at a low temperature, the growth of crystal
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magneti c recordi ng nedi unExanpl esTransformati on i nto maghem t eOxygen fl ow
rate (CCM Substrate tenperature (C) Tine (sec.)Exanple 2741102Exanpl e
3741102Exanpl e 4741302Exanpl e 5741302Exanpl e 6741502Exanpl e 7742002Exanpl e
8741502Exanpl e 9741502Exanpl e 10741502&xanpl e 11741502Exanpl e
12741502Conpar ati ve Exanpl e 1Heat-treatedat 320C for one hourin

at nosphereCGonpartdternes fEXanphbiBiHead ; t s@atletat t132 0@ dret idme choubien

at nospher eConpar ati ve Exanple 3Only heated at 200C 0 5 F E B 2003 28
Tabl e 2 BxarfpimeslyarPeopdorimed ohtoemgaghenitecoddi ng medtbafonparati ve
Exanpl esThi ckness of under| ayer Conposi ti onCobalt content (w.% Exanple

2- Co- ~' ' ex083Bengdl ¢h31t000e- £F' £Re3IVEXEPIPN ef ZEXGC-meft igP0 33ERagpkEite
5100Co- ~y~F' e2033Exanpl e 6100Co- ~yi Fe2033Exanpl e 7100Co-. ~e2g§3Exarrpl e
850C0- ~y R IBBhem3Ite 9 theCobyFened SRGhfN i e (o -fifme 2838 PRanpl e
1150Co- ~yF' e2038Exanpl e. 1250Cq-"' YFe2033Conpar ati ve Exanple
1-Cb-~F'é@@%@%ﬁﬁfﬁﬁépmvéelng deteriorated in magnetic properties.

The magnetic recording medium of the present invention is
excellent in surface smoothness and magnetic properties and,
therefore, is suitable as those for high-density recording.

Also, in the process for producing a magnetic recording
medium according to the present invention, all treatments can
be conducted at a low temperature within a vacuum apparatus
without taking out the thin film into outside atmosphere.
Therefore, the present invention can provide a suitable
process for the production of magnetic recording media having

excellent properties.

EXAMPLES

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

Various properties were measured by the following methods.

(1) The thickness of a magnetic layer composed of the
magnetite thin film or maghemite thin film was determined as
follows.

That is, before forming the thin film, a line was drawn
with a felt pen on a substrate. Then, after depositing the

thin film on the substrate, the deposited film and the
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Tabl e 2 (continued) Exanples anProperties of magnetic recording

medi unConpar at i ve Exanpl esThi ckness of maghenite thi nMagnetic
propertiesfilm (nm Saturation nagnetizgéionV%/nBenu/nBExanple
22550395Exanpl e 31649390Exanpl e 41850400Exanpl e 52540320Exanpl e
64031250Exanpl e 74031250Exanpl e 81841331Exanpl e 92534274Exanpl e
102830239Baaiplve nyl 21§0e3 VeER agpivel 121836200 Canrarest insd nBx afppbeganic
12541326Conpar ati ve Exanpl e 24045360Conpar ati ve Exanpl e 34054430 05 FE
B 2003 3Gorarsing .2 Thenthwusetyrmwdhridiass taikhépeesi ssastiradghet #c recordi ng
medi unmConpar ati ve Exanpl esMagneti c properti esCoercive forceCoercive

f or cek A/ rIESHRYarte®es SurfpERanprghnozs B3 o35 0rsgBiagiuged by Veeco

3186. 52, 3430. 56Exanpl e 4200, 42, 5180. 64Exanpl e 5237. 52, 9850, 71Exanpl e

6258. 63, 3500. 65Exanpl Bhe 30l Siag0 P o dibeaFsceegEdYe05hbn 161 BBEXEMD| e

9396. 54, 9820. 60Exgnpl e 10519. 86, 5320. 70Exanpl e 11392. 04, 9290. 71Exanpl e
12216. 22,© f@ﬁ@&é@nﬁg% hg measured value.

(2) The oxidation of magnetite thin film into maghemite
thin film was confirmed by measuring the change in surface
resistivity of the thin film as an index of oxidation thereof
by the following method.

That 1is, the surface electrical resistivity of the
magnetite thin film is in the range of 0.001 to 0.5 MQ,
whereas the surface resistivity of the maghemite thin film is
raised from 1 to 3,000 MQ. The surface resistivity 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.

(3) The X-ray diffraction patterns of the respective thin
films are expressed by values measured by "X-Ray
Diffractometer RINT 2000" (manufactured by RIGAKU DENKI CO.,
LTD.).

The measuring conditions of the X-ray diffraction

patterns were as follow:

Cu-Ko; tube voltage: 40 kV; tube current: 200 mA;

sampling width of vertical type goniometer: 0.020°; light-

emitting (divergent) slit: 0.2 mm; scattering slit: OPEN;

light-receiving slit: 5.0 mm; incident angle (0): 0.2°;

diffraction angle (26): 10.00° to 70.00°.
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(Ry) and maximum height (Rp,x)) of the magnetite thin film or

maghemite thin film was measured using an atomic force
microscope (manufactured by Digital Instruments (D.I.)), and
evaluated with respect to a 5 um-square area of each film.

(5) The magnetic properties such as coercive force and

saturation magnetization of the magnetic recording medium, are
expressed by values measured by "Vibrating Sample 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 k&/m (20 kOe)

thereto.

Example 1:

<Production of magnetic recording medium>

By using an in-line disc sputtering apparatus "C-3120"
(manufactured by NICHIDEN ANERUBA CO., LTD.) and setting a
distance between a glass substrate and a metal (Ni) target to
85 mm, the metal target was sputtered at ordinary temperature
in an oxygen and argon atmosphere 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 a nickel oxide thin film
having a thickness of 100 nm at a deposition velocity of 1
nm/sec. on the glass substrate. Then, a metal alloy (Fe + 3
wt% Co) target was sputtered at a temperature of 150°C in an
oxygen and argon atmosphere 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 Co-containing magnetite



VWHAT IS CLAIMED IS: 1. A nagnetic recordi ng nmedium conprising: a 05 FEB 2003
substrate; and a maghemte thin filmformed on the substrate, having a
surface roughness represented by a center |ine nean roughness Ra of 0.1 to
1.0 nm and a coercive force squareness_S* value of not |less than 0.50. 2.
A magnetic recordi ng nmedi um accordi ng 4o claim1, further conprising an
under | ayer fornmed between the substrate and the maghemte thin film and
conpri si hpion€idrl batedgfaothidlenagoupt dinsimstitng diepastihionf vedpofitan

oxi de having a NaCltype structure, a chromumnetal thin filmand a

chr om unvél Roymt bea. f ohnth8. nickelgrstide rddier dididg.nedi um according to claim
2, wherein the underlayer is a nickel oxide thin film a magnesi um oxi de
thin film a Eheobhum ¢or3imed dlotdantainimommacnetithb thinogidni wasi |l m 4.
A magnetic recordi ng medi um according to claim2, wherein the underlayer

has a t hrerhésgossly tveabednin Bre Kang waradatecolli AUlEgrinvadcording to

claim1, wherein the maghemte thin filmcontains cobalt in an anmpunt of
not mnor eMERaA 2@@95y(ﬁéi§h¥.Wt% Co) target at a temperature of 150°C

in an oxygen and argon atmosphere 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 transforming the Co-containing
magnetite thin film into a Co-containing maghemite thin film.
The thus obtained Co-containing maghemite thin film had a
thickness of 40 nm, a surface roughness represented by a

center line mean roughness (R;) of 0.8 nm and a maximum height
(Rpax) ©f 9 nm, a coercive force value of 259 kA/m (3,250 Oe),

and a coercive force squareness S* value of 0.62.

Examples 2 to 8 and Comparative Examples 1 to 2:

The same procedure as defined in Example 1 was conducted
except that amount of cobalt, oxygen flow rate and film
thickness used upon the formation of cobalt-containing
magnetite thin film, and substrate temperature used upon
transformation into maghemite, were changed variously, thereby
obtaining magnetic recording media.

Meanwhile, in Example 2, after the magnetite thin film
was directly formed on the glass substrate, the magnetic
recording medium was produced by the same method as defined in
Example 1. In Comparative Example 1, after the magnetite thin

film was formed by the same method as defined in Example 2,



05 FE B Z003 33 6. A nmagnetic recording nmediumaccording to claim1)5FEB 2003
wherein the maghemte thin fil mhas a surface roughness represented by a
maxi mum hei ght Rmax of 1 to 12 nm 7. A magnetic recordi ng nedi um accordi ng
to claim1, which has an electrical resistance value of 1 to 3,000 M52, a
saturation magnetization val ue of 29 t©° 53 V~I b/ n8 when neasur ed by
applying a magnetic field of 1,590 kKAmthereto, and a coercive force val ue
of not | ¢eke blkadatbon kit eatmBentA ywrocessldaredpradacitergoehetnagnefi c
recording nmedium as defined in claim1, conprising: formng a nagnetite
thin fil A20FCaisubsnoapkeersi nthaerelfe ddegetingr the ambbogtiar getobging
sputtering nethod; and continuously subjecting the magnetite thin filmto
sputt eri mgdinmat nEmtCumdanp ta vike Bxangee 8r Fétar| bhetmagretite atlsiputtering
chanber in _an oxygen-rich atnosphere, thereby transform ng the nagnetite
thin fil /mLilpt vaa gﬁglﬁ@@i e the reang metdioda asr dedssedcénr Bragrie &l aim 8,
further conprising; formng an oxide thin film a chromummnetal thin film
or a chr 6ﬁieuﬁ?<éfiﬁg§f01fl hE RS FIeR B e anideIatefertod CRBPSHASEFEtef 10. A

rocess accordi.ng to claim@8, wherein_th xygen , ,
P 320°cC 1ngatmosphere, thereby obté%n%n%gthe magnetic recording

medium.
The production conditions are shown in Table 1, and
various properties of the obtained magnetic recording media

are shown in Table 2.

Comparative Example 3

The same procedure as defined in Example 3 was conducted
except that after forming the magnetite thin film was
continuously heat-treated in the vacuum apparatus without
conducting the sputtering treatment, thereby obtaining the
magnetic recording medium.

The production conditions are shown in Table 1, and
various properties of the obtained magnetic recording medium

are shown in Table 2.

Example 10:

By using an in-line disk sputtering apparatus "C-3120"
(manufactured by NICHIDEN ANERUBA CO., LTD.) and a MgO
sintered target, the MgO sintered target was sputtered at
ordinary temperature in an oxygen and argon atmosphere having
an oxygen flow rate of 0 CCM and a total pressure of 0.37 Pa,

thereby forming a MgO thin film having a thickness of 70 nm at



rich atnosphere satisfies the condition represented by the formula: 08 FBR003
E 8 2003 34 Fo2/R >_ 12 wherein Fo2 is an oxygen flowrate (CCM used for
the oxidation treatnent; and Ris a nmagnetite deposition velocity
(nmsec.). 11. A process according to cJaim38, wherein the sputtering
treatnment of the magnetite thin filmi4fan oxygen rich atnosphere is
conducted at a substrate tenperature of 30 to 250C for 1 to 30 seconds. 12.
A process aeposditignt getbainy 14f OMienmi/fsache spheepilagst sebsmeatetine is 1
to 30 seconds. .A3. A&GE. A" . AL[|. A9n. A& AQYE. A9l | . A9E. As> E. AR A9. A9H
. A" [ E. AsHF. AQ!TheA&YmMA™ pracadulisd. A0[detinetDd ivi Axpmplerl Avas ACOTdWEBed Al u. AQ
CATT.OA 32 LA LAY abf ?2@&P* ! " %6{ vql gb] X] ca] ca] ca]ca]ca]ca]c: a
U c: “al] ¢heredlyc abtalvahe apedesiicnllod] celratds] caFoafieadcmaficvm] ci} cal c a]
ca] cal] ca

Jeal] which the plane (200) of the MgO thin film is predominantly

oriented in parallel with the surface of the substrate, the
plane (400) of the maghemite thin film is predominantly

oriented in parallel with the surface of the substrate.

Examples 11 and 12:

By using an in-line disk sputtering apparatus "C-3120"
(manufactured by NICHIDEN ANERUBA CO., LTD.) and the Cr metal
target (Example 11) and the Cr-Mo alloy target (Example 12)
was sputtered at ordinary temperature in an oxygen and argon
atmosphere having an oxygen flow rate of 0 CCM, an oxygen
partial pressure of 0 Pa and a total pressure of 0.37 Pa,
thereby forming a Cr metal thin film (Example 11) and Cr-Mo
alloy thin film (Example 12) having a thickness of 50 nm at a
deposition velocity of 3 nm/sec. on the glass substrate.

The same procedure as defined in Example 1 was conducted,

thereby obtaining a magnetic recording medium.
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Example 3 22 2 150
Example 4 22 2 150
Example 5 20 2 150
Example 6 22 2 150
Example 7 22 2 150
Example 8 22 2 150
Example 2 22 2 150
Example 10 22 2 150
Example 11 22 2 150
Example 12 22 2 150
Comparative 22 2 150
Example 1
Comparative 22 2 150
Example 2
Comparative 22 2 150
Example 3
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Table 1 (continued)

Examples and Production conditions of magnetic recording
Comparative medium
Examples Transformation into maghemite
Oxygen flow Substrate Time (sec.)
rate (CCM) temperature (°C)
Example 2 74 110 2
Example 3 74 110 2
Example 4 74 130 2
Example 5 74 130 2
Example 6 74 150 2
Example 7 74 200 2
Example 8 74 150 2
Example 9 74 150 2
Example 10 74 150 2
Example 11 74 150 2
Example 12 74 150 2
Comparative| Heat-treated at 320°C for one hour in atmosphere
Example 1
Comparative| Heat-treated at 320°C for one hour in atmosphere
Example 2
Comparative Only heated at 200°C
Example 3
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Table 2

Examples and| Properties of magnetic recording medium

Comparative Thickness of Composition Cobalt content
Examples underlayer (Wt . %)

(nm)

Example 2 - Co-YFe,05 3
Example 3 100 Co-YFe,0; 3
Example 4 100 Co~YFe,0; 3
Example 5 100 Co-YFe,0,4 3
Example 6 100 Co-YFe,0; 3
Example 7 100 Co-YFe,0, 3
Example 8 50 Co-YFe,0, 8
Example 9 100 Co-YFe,0; 8
Example 10 70 Co-YFe,0; 8
Example 11 50 Co-YFe,0; 8

Comparative - Co-VFe,0, 3
Example 1

Comparative 100 Co-YFe,04 3
Example 2

Comparative 100 Co-YFe,04 3
Example 3
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Table 2

(continued)

Examples an

Properties of magnetic recording medium

Comparative| Thickness of Magnetic properties

Examples maghemite thin
£i1m (nm) Saturation magnetization
Wh/m3 emu/m3

Example 2 25 50 395
Example 3 16 49 390
Example 4 18 50 400
Example 5 25 40 320
Example 6 40 31 250
Example 7 40 31 250
Example 8 18 41 331
Example 9 25 34 274
Example 10 28 30 239
Example 11 28 40 319
Example 12 18 36 290

Comparative 25 41 326
Example 1

Comparative 40 45 360
Example 2

Comparative 40 54 430

Example 3
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Table 2 (continued)

Examples and Properties of magnetic recording medium

Comparative Magnetic properties
Examples

Coercive force Coercive force
kA/m Oe squareness (-)

Example 2 241.5 3,035 0.50
Example 3 186.5 2,343 0.56
Example 4 200.4 2,518 0.64
Example 5 237.5 2,985 0.71
Example 6 258.6 3,250 0.62
Example 7 307.2 3,860 0.68
Example 8 402.0 5,051 0.66
Example 9 396.5 4,982 0.60
Example 10 519.8 6,532 0.70
Example 11 392.0 4,929 0.71
Example 12 216.2 2,717 0.64

Comparative 316.4 3,976 0.38
Example 1

Comparative 274.8 3,453 0.30
Example 2

Comparative 112.8 1,418 0.4
Example 3
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a ax (
Example 2 1,000 0.7 9
Example 3 500 0.5 6
Example 4 120 0.6 7
Example b5 530 0.4 8
Example 6 90 0.8 9
Example 7 120 0.8 ]
Example 8 1,900 0.5 5
Example 9 1,500 0.5 7
Example 10 1,800 0.9 9
Example 11 1 0.9 9
Example 12 1 0.9 9
Comparative 1,000 1.5 17
Example 1 )
Comparative 1,700 1.2 12
Example 2
Reference 8 1.0 11
Example 1
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" HSYR CkpﬁmtéQQ%%S%%g%%%r th a§%§§§ggh—rich atmosphere, thereby

transforming the magnetite thin film into a maghemite thin

£ilm.

9. A process according to claim 8, further comprising:
forming an oxide thin film, a chromium metal thin film or

a chromium alloy thin film as an underlayer on the substrate.

10. A process according to claim 8, wherein the oxygen-
rich atmosphere satisfies the condition represented by the

formula:
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wherein Fo, is an oxygen flow rate (CCM) used for the

oxidation treatment; and R is a magnetite deposition velocity

{(nm/sec.).

11. A process according to claim 8, wherein the
sputtering treatment of the magnetite thin film in an oxygen-
rich atmosphere is conducted at a substrate temperature of 30

to 250°C for 1 to 30 seconds.

12. A process according to claim 11, wherein the

sputtering treatment time is 1 to 30 seconds.



