;1 "#%e3e: @89;d<?6?T: @2 2 J Ul 2002 MAGNETI C RECORDI NG MEDI UM AND
PROCESS FOR PRODUCI NG THE SAVE BACKGROUND OF THE | NVENTI ON: *CIIIIE% Thﬁ 00
present invention relates to a nagnetic recording nmedi umand a proc %3 g
produci ng the magnetic recording medium and nore particul arl to
magneti c recording medium suitably appjicable to ﬁmmmmummmfetl c
recordi ng systens using a ring-type nagnetic head of using a
pl astic supslg & rher tRUBNT g a magnetic recordi ng megeum for hi ghdensity
recording. SIITTT nore particularly, the present invention relates to a
magnet i ¢ recongidigrediuib Rl dtuix ARb! B Albki bohdgRendent of
change in passage of tinme caused by a high coercive force, g.) coerC|ve
force of not %#%%n 2,000 Ce, even when the cobalt content

, €O

possi ble, e.g. content at a nolar ratio of cobalt to mmﬂmalw W M
nore than O. 06 1, and a large output in a high frequency rang

free fronﬁﬂéﬁ?ﬁ%ﬁ%&?%ﬁ’%ﬁE'?N&ﬁ@f iction waveform and a process @

produci n nediuntin industriaIIy and economcally
advant ageous nﬁ%p re %Qtreggnﬁty tgsnggnggh eﬁgr ratuses
such as a hard c drive, Rere een a renar en ency that

|nfornat|on deV|ceIébﬂrdzgggn§oysegxingk fgﬁeaéﬁ%ﬁgéy %Eb%&d and required

to have a ﬁl gﬁ“rerf ocration wt a recean gtendency, in

order to de UlL 2 ar aci here has been
an |ncrea5|§gu%e %1W?§§ B?5t%8V % ﬁﬁ %ﬁtlcgg cor df }ééoggﬁ I%e(.‘sht(%“h
informatign. Eag be store é a Q h dens|t¥lcln o [ to fglflll such

N

reqU|renenPs Sordthg hedi®d fave bEen Stroryry tequired to

have an using a ring-type magnetic head and capable of using a plastic
substrate for providing a magnetic recording medium for high-
density recording. Still more particularly, the present
invention relates to a magnetic recording medium having an
excellent stability independent of change in passage of time
caused by a high coercive force, e.g., coercive force of not
less than 2,000 Oe, even when the cobalt content is as low as
possible, e.g., cobalt content at a molar ratio of cobalt to
iron of not more than 0.06:1, and a large output in a high
frequency range, and being free from the distortion in
reproduction waveform, and a process for producing such a
magnetic recording medium in industrially and economically
advantageous manner.

In recent years, in magnetic recording apparatuses such
as a hard disc drive, there has been a remarkable tendency
that information devices or systems used therefor are
miniaturized and required to have a high reliability. 1In

association with such a recent tendency, in order to deal with



excellent stability independent of change in passage of tine and a coercive
force as high as possible. As magnetic recording nedia having a hig£ 007
coercive force) there have been wi dely known those conprising a su Zﬁgﬁg
and a magnetic thin filmformed on the substrate. The magnetic thin filns

whi ch .have been already put into practiyce, are generally classified into
oxide thin filns conposed of naghenité% etc. (refer to "Technical Report of

Tel coonmini o on PRSI TUE ( TSBEF RBL BB b & ouis)® el (85 thin

fil . .Qf - I - Lke. The. . ' ' in fil
cgnggsggq%$§§%3%5h§?8g%Fgééﬁ%ﬁﬁ%&% eﬁﬁagﬁi%%?ﬁgﬁ§?g§?2?3%§%9§fEQL?FOQigﬁ

resi stance_ because.maghenite is .iron oxide. Therefore, the nagnetic oxide
thin fil r&t%ﬁdklgt& &R&%"bh THYEYcan show an excel lent stability

i ndependent of_change in e of .tinme, .and | ess change in magnetic

properties w tH ﬁ%ﬁgéoo%ﬁfﬁ& H5Re v EM1E FReTr ctlﬁ\?emg%?%‘él%f t he

magnetic oxide_ thin fjl conposed of nzghenite ui as_ | ow as at nost about
| 65 g

700 Ce. WABTReding Meddpl 89VE P ST PHAY et STRLETCi Ve PP8Fc®as 2 Z J U |

2002 3 high as. not |ess_than, about 2, C00 _Ce, Howeyver, netal terials
t hensel veng‘?\“t?fét A 535 1Y n I PRTRRT SN °f 0SB R aldt BPS52P 8] %gg?ln?o that the

stability independent of. change .in_passage time is deteriorated.
yand apcoercive force gs higﬁjas p%ss?gle.

As magnetic recording media having a high coercive force,
there have been widely known those comprising a substrate and
a magnetic thin film formed on the substrate.

The magnetic thin films which have been already put into
practice, are generally classified into oxide thin films
composed of maghemite, etc. (refer to "Technical Report of
Electronic Telecommunication Institute", published by
Electronic Telecommunication Institute, (1981) MR81-20, pp. S
to 12), and alloy thin films composed of Co-Cr alloy or the
like.

The magnetic oxide thin films composed of maghemite are
excellent in oxidation resistance or corrosion resistance
because maghemite is iron oxide. Therefore, the magnetic
oxide thin films composed of maghemite can show an excellent
stability independent of change in passage of time, and less
change in magnetic properties with passage of time. However,
the coercive force of the magnetic oxide thin films composed

of maghemite is as low as at most about 700 Oe.

Whereas, the alloy thin films have a coercive force as



In order to prevent magnetic properties of these alloy thin filns from
being deteriorated due to the oxidation) the surfaces of the aIonQEQip 0
films ‘have been coated with a protective film e.g.) a carbon film 9 h@
usually a thickness of about 100 to about 200 ~.. However, in such a case,
a whol e thickness of the resultant magnetic recordi ng nedi um becones

i ncreased by the thickness of the car boh film the loss due to the nagnetic

spaci ng (di stance between magneti.c _h and a magnetic recording | ayer)
becones | aryE FedA ﬁ%ési ah‘?‘%c%?ﬁ)’ét @ngggo?e\v\hiwegﬁab@%%alt he magnetic
recording nediumto be applied to high-density recording. In consequence,
it has bedfPaRTEHs dhorgSeRRantR e ddeYciiels bibes ét?d’%séPulP%Lti on

magneti zati on_of the abovenenti oned magnetic oxide thin filnms conposed of
magheni t e WRFehlaracicieed eff FraoxXiRfatSteR1l&5Y stRIRRENAEHEr 65 SrATiassi st ance
and stability independent of change in passage of tinme, by incorporating
cobalt or thep#ssagd mtio time Aaghewrstionatied.-film The maghenmite thin fil ns
containing cobalt, etc., have been already put into practice (Japanese

Pat ent Publ i cat TonsrJeOKOKDyreNost BASHISE( PIPRErbhels 63925618038y

"CERAM CS", published by Japan Ceramcs Institute (1986), Vol. 24, No. 1,
pp. 21-24, thnd fhbnd itkem beifg2dgterioOGE fuknteheheobaldetdont atim ng
maghemte thin filns) the nore the cobalt content, the higher the coercive
force ther sokfbeesnes.chdowsley, thinhf il inaoeehseni podtesd oulyhl & cont ent
the stability independent of change in passage of tine of the magnetic
maghem t e phiotettive fEiml teogbe detarihonr dtideh bpvadgevsellnf lauences of heat
or the like. Thus, at the present tine, there has been a strong demand for
provi di ng reagehissref altiuty UPdita &bouthifd densHewevestoridi sgca ch are
suitable for use in current magnetic recording systens equi pped with a

ri ng-type mageet Rcwhebal. tiRgrknelsiss of eas® nyestdrtiaps mRgnesiofr ammgdéng c
recordi ng media as nmentioned above have been extensively devel oped. Anong
them the meghemti beogmee irvnesfsieldnbyconposedkufessaghiehh¢ ecdrdonngigmcel | ent
oxi dation resistance and corrosion resistance have been considered to be
most usef ulthesdoshatiuet thavee heemetdresséc oyl (dideérandeldetwedmmar ove
properties of these nagnetic oxide thin films conposed of maghem te. That
is, as desawEdredigbbead &¢hd x gisainetdonreserdigpavaghvemit becdmes flialrge, have
been strongly required not only to show a high coercive force and a high
sat ur at i on TREyidtingatnohncénpettdrse o whhilbidisadless thei saonatdca | ar ge
output in a high frequency region. Meanwhile, the cobalt-containing
magheni t e fiegpusisagbaenipr oteicesl aprlaedubst ridle dapsd typyecerdiny -.net hod or
the like. The production process generally requires a tenperature as high
as not | ess thariralsomsegnet:e Asita hasspeen aheerotad dosenhange Jthe | 2002 5 a
probl em that only alum num discs, alumnumalloy discs or the |ike which
can Wit hst agreEcivarforseuprndasa it ion meonebszativan c3008F abevarsable in
the process. The conventional production processes in which the tenperature
as hi gh as mertigsyl magne8EOxide eduinr dd lmbavenmardd @fpmebhemitenat it
beconmes difficult to produce the cobalt-containing naghemte filmin

i ndustri al | yobeRl acorneedarny s edxl datdivner es Ast aorRreorasngtomet hods for
produci ng the cobalt containing nmaghemte thin film there are known (1) a
met hod of sPHBEEFIMRP a?ﬁldFér@bngrmylrtdeﬁpg@tdenﬁ af ntbawyds apadRPhaie
conposed of argon and oxygen to forma cobalt-containing hematite thin film
on a substr hi®S, ragudiangPoretheaeteRal & (9t thel hike Ity dbegeaghemdspher e at
a tenperature as_high as 230 to 320C so as to transformthe hematite thin
filminto ateébafileonThenmaghemigifettiia £hims f¢onRaimdast Rehabxi ditd-ng t he
obt ai ned cobal t-containing nmagnetite thin filmat a tenperature of 290 to
330C; (2) ahawehbeenfalymadyepungistotmrat ivegridaparesoRatienitng cobalt as a
target to forma cobalt-containing magnetite thin filmon a substrate, and
t hen oxi di zPrhlibtetodrisi (keKOEUhaNbs c oht-ad QH6rNd Ay nahd t - 43925 (LbbM at a
tenperature as high as not |less than 320C, (3) a nethod of formng a

cobal t - cont ACBRAYIGRYhemilild shlednbfi Fapah reotalmi cenIassitbstea a0 8by, vol.
deconposi ng a vapor of netal chelate, netal carbonyl or ferrocenes
cont ai ni ng 2AonNandl Mxorf widr-@idn hdeplieskides .at | east one el enent sel ected
fromthe group consisting of Co, Cu, Rh, Ru) Gs) Ti, v and Nb) and X is
0.01



2 ~J UL 2002 6 to 0.1), and an oxygen gas in a pressure-reduced plasma
whi ch is highly-densified by applying a magnetic field thereto (Japahgde 7002
Pat ent " Application Laid-Open (KOKAI) No. 378114(1991)); or the like. At the
present tinme) as magnetic recording nedia for high-density recording which
are suitable for use in current magnetjc recording systens using a

ring-type magnetic head, there have béden demanded magnetic recording nmedia

havi ng an excel | ent st.abj i nde ende of ch L assage of tine and
a hi gh coerci v& FE‘FCEO bay; H’%ﬁﬁaﬁwgﬂg e 5?1‘9% £ ?Iﬂg t?hegIﬁ“c’f’freequency
region) and further it has been_demanded to roduc t hese magnetic
recor di ngt%dioéi’ailﬁ FREESRT athsy héﬁbeéc%%rﬁﬁquea Q&Rt a Ymanner
without Iimtation to materials for substrates thereof. However, there have
not been pranfiated fewewtioh WidgnERe clRE g B8 okt b ﬁ%ﬂtﬁ@tall of the
above-nentioned requirenents. Howeverg the conventional Co-containing
magheni t ethéi srakiilmsyaiadependeninedt Fopage oty nasseagnefi bipe oplerthces,
especi al |y cannot exhibit a high coercive force. Wien it is attenpted to
obt ai n a megteticereioheni e cehirespdaisakkepdnte begletenanratedoice, it is
necessary to incorporate a | arge anmount of cobalt thereinto, e.g., cobalt
content atdwemnsd amfrlaehgesf ofoimdtt arotheohik$. nore than 0.06: 1. However, in
such a case, the Co-containing maghenmite thin filmtends to be deteriorated
in magnetic propes.tises thiet hrpessade s, theeebyaadamse shfboendesars heat
or the like. Further, the cobalt 2 2 JUL 2002 7 containing maghemte thin
films havéorn probldma maynthéc orepuudiing aelighfér egiggndgnségion i s not
| arger for high-density recording. In the above-nentioned nethods (1) and
(2) of prodocrdgna wWobkdl reoptatat iy fragheri te ¢hfrerft mmoneknce t hese
met hods require a tenperature as high as not |less than 290C, a materi al
usabl e forethedsubstiystemsi equésped otidth aThengf byree nadwrsd icoheedt i onal
nmet hods are industrially and econom cally di sadvantageous. In the
above- nenfFioonedi set debr(,3 vaofi ops okimdsn g fa megbek i comecmiimg medghenase thin
film since the maghemte thin filmcan be formed on a substrate naintained
at a tenperatipeedsabore dmvabbeen 58 ensiercdycdrvbiopsid ambagrahes, conposed
of a plastic material having a | ow heat resistance, such as pol yesters,
pol yst yr enédiet engphthal aticje phlipahi thes crmpddsed ok ema¢loeweitay hatvhegcoer ci ve
force value of the obtained nmagnetic recording nedia is about 1,700 Ce at
nost. As a&xcedlkettobxidetjpresestskaventand ' cogarsesth sesiktwmice hakas been
found that by form ng a cobalt-containing magnetite thin film containing
cobalt at keemlcagnsidered gfo G mosFeuseivbt swrtdathah B206:Heen owre pl astic
substrate by conducting a reactive sputtering in a m xed gas atnosphere
conposed cftuprgdendansnded dre ig@sodue Brepdstiest oft shpee aragnetdfc | ess t han
240C using a cobalt-containing iron alloy as a target, and then oxidi zing
t he obt ai mxidsoltalin- Edhnai sommpsedgnét neghemitefilmin a pl asna-activated
oxygen atnmosphere containing a rare

That is, as described above, the cobalt-containing

maghemite thin films have been strongly required not only to
show a high coercive force and a high saturation magnetization,
but also to exhibit a less noise and a large output in a high
frequency region.

Meanwhile, the cobalt-containing maghemite film has been
produced on a substrate by a sputtering method or the like.
The production process generally requires a temperature as

high as not less than about 300°C. As a result, there arises



2 ZJ Ul 2002 s gas at a substrate tenperature of |ess than 240C to
transformthe cobalt-containing nagnetite thin filminto a cobal tcgqtﬁjm’umg
maghemte thin film a magnetic recordi ng nedi um conprising a magnetic 1ron
oxide thin film which is capable of having a high coercive force even when
the cobalt content is |low, exhibits a éar ge output in a high frequency

regi on, can be produced in industrially and econom cal |y advant ageous

manner w thout, limtation.to material  for _the. subst.nat.e it eof . The
pr esent iﬁv@ﬁ??%ﬁm has H&dn Ya ? |h%\§'“ odslistcﬁé Bg}sl‘ﬁ“ééo ailhlg ffi%g'?gnggrf SUMVARY OF

THE I NVENTLON. Lt is _an object. of the present inventiqgn to_provide a

mmgnet | o FECOTIRGE FATCSERFSTG B CORRFRELBRST AN ARghEm 153 hi n
film which has a_high coerive force even when the cobalt,content is as |ow
as possi bl'®3&nd08xhi F¥% WAALGeRoWRPRT IG5 - hi GIF 1RYGBREY 3 gi on, and

whi ch can be produced in industrially and econom cally advant ageous nanner
wi t hout | iFFOCREFOA™t B I FEtSST it8l hoFh te JeBReraters ey 8062 8 2conpl i sh
the ains) in a first aspect of the _present invention, there is provided a
magneti c rESSr dPAG ARAT Gt haANGTEc 0”7 Y] Ve FoPcBEBPLSIER3Es4Et han 2, 000
Oe, conprising a plastic substrate) and a cobhalt-contajning paghemte thin
filmfor mRPGHeEh81EabS Tt at'e® REGREERENTIY %C%&%‘C&Ft%lfﬁﬁ}gar‘“aﬁaﬂﬂbt%f cobal t
to iron of not nore than 0, 06:1) and having either_a spacing of a plane
(311) of nbt!Mhore IPAEATDIS K 1S FEEPAT Gy pisgheL( €of not nore than
2.415% or a spacing 2 2J UL 2002 9 of a plane S:IZZO of. not nore than
2.950A. In a séCoRGTHERELPRRYY MHEOFEeSRRtPT IR FoRRet §h& s provi ded a
process for produci ng a magnetic recordi ng medi um conprising: formng a
cobal t - cont ¥ iy FaFRELPPECE F -1 ifATNe oS $1i5TG S8BTt (B & ™Me5PR ratio of
Co to Fe of _not nore than 0.06:1, on a plastjc suhstrate by reactive

sput t eri ngPh TIPHIBGnERi FETeP iarlc}r?yal‘:Pg9e‘Ea3rrg@t mired 9% 3 MSBPEERper at ur e

of | ess than 240C i r% a m xed cgjas at m)sph(Ere cont ir1i ng_oxygen and a rare
gas: and composed of argon and oxygen to form a cobalt-fontalning

hematite thin film on a substrate, reducing the hematite thin
film in a hydrogen atmosphere at a temperature as high as 230
to 320°C so as to transform the hematite thin film into a
cobalt-containing magnetite thin film, and then oxidizing the
obtained cobalt-containing magnetite thin film at a
temperature of 290 to 330°C; (2) a method of sputtering
sintered magnetite containing cobalt as a target to form a
cobalt-containing magnetite thin f£ilm on a substrate, and then
oxidizing the obtained cobalt-containing magnetite thin film
at a temperature as high as not less than 320°C; (3) a method
of forming a cobalt-containing maghemite thin f£ilm directly on
a substrate by decomposing a vapor 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



oxi di zing the obtained cobalt-containing magnetite thin filmin a 200
pl asma- acti vat ed oxygen at nosphere containing a rare gas at a subgtzr awle
tenperature of |ess than 240C) thereby converting the cobalt-containing
magnetite thin filminto a cobalt-containing maghemte thin film DETAILED
DESCRIL PTI ON OF THE | NVENTI ON First) the magnetic recordi ng nedi um accordi ng
to the present invention is descri bed. 6The magneti c recordi ng nedi um
according to the present invention conprises a plastic_substrate, and a
cobal t corfCailnilhg ARG IR A2Fi Fn § RERSE SR EREVF QR 2 cmaunsttate. The
plastic substrate used in the present invention may be conposed of resins
havi ng a tiferrahldcfermhiiesh Rveaperying & d?agﬁ’@fﬂlﬁo%ée%cf‘]atrbez&@e. Exanpl es of
the resins may include so-called heat-resistant resins such as polyirnides)
pol ysul f onespapelsgaPytanesAppolopshenylhake e i (HeKALPR®)., 3-2 2 J U L 2002
to pol yether ether ketones (PEEK), poly-p-vinyl phenol resins (PVP
pol yner s) ,7§dl4/dricdes; pol yieg Hyikene napht hal ate (?EN)) pol yet hyl ene
terephthl ate (PET), polyformal dehyde (e. g.) "Delurin” produced by du Pont
Corp_) pol yet htendet preaé¢huorimge) agohgendtyl @ mecoridfihaonédie dokori de,
pol ystyrene, nethacryl ates, polycarbonates (PC) or the |ike. Meanwhile, the
"t her mal defah-nirnsinyt esperding ethicbanse astergidreatioreuseaburacrehor
exanpl e, according to ASTM D-648. The cobal t-contai ning nmaghemte thin film
has a thi chkaesst iaf reswabliygO0s¥Eentso ukifgumm piref-ayael ypan®obc ttea@. 5 um nore
preferably 0.007 to 0.3 um When the thickness of the cobaltcontaining
maghemni t e there fidva ibeehedemaded MaR@Btum récordindi fedcal hatiplemai n a
magneti ¢ recordi ng medi um conprising a cobalt-containing nmaghemte thin
fil m havi ngxeekbmrcistafidice ofidempindesssof halmargdOh Gess@petde Witser hand,
when the thickness of the cobalt-containing nmaghemte thin filmis nore
than 1.0 uandtailsigh fddegglivet forre f amchlexhpagnotd 2z lalfgeobutpwedn a
cobal t-contai ning maghenmite thin filmup to a deep portion thereof when
si gnal s ar bigkechrelpderidyeregnont hand bjurfthielri iy bhas dixtem degended esor di ng and
reproduction characteristics. In the present invention, the nmaghemte is
r epr esent edrbygutdetlgese megneol nut ecafdiyngFe2683 butindwsteani ay namd sl i ght
amount of Fe2+.

economically advantageous manner without limitation to

materials for substrates thereof. However, there have not
been provided yet such magnetic recording media satisfying all
of the above-mentioned requirements.

However, the conventional Co-containing maghemite thin
films are still unsatisfactory in magﬁetic properties,
especially cannot exhibit a high coercive force. When it is
attempted to obtain a high coercive force, especially not less
than 2,000 Oe, it is necessary to incorporate a large amount
of cobalt thereinto, e.g., cobalt content at a molar ratio of
cobalt to iron of more than 0.06:1. However, in such a case,
the Co-containing maghemite thin film tends to be deteriorated
in magnetic properties with passage of time by adverse

influences of heat or the like. Further, the cobalt-



The cobalt content in the cobalt-containing nmaghemte thin filmat a rﬁ)l ﬁﬂrl
ratio of Co to Fe is usually not nore 2 2 J UL 2002 11 than 0.0b1 3| i
preferably 0.03:1 to 0.06:i. Wen the nolar ratio is less than 0.03:1, it
may be difficult to obtain a magnetic recordi ng medi um having a coercive
force.as high as not |less than 2,000 Ce. On the other hand, when the nol ar
ratio is more than 0.06:1, it is diffidult to obtain a magneti c recordi ng
medi um havi ng . an excellent stability independent of change_in passage of
time. The CEHBALPIRG IR MG S&GRBNT # &' MY i@ RFRRYST urtdHer-NeoREEPHE at

| east one el enent selected fromthe group consisting of Mi, Ni, Cu, Ti and
Zn in or dé&f ©ohiEpr HYeTVRRGOUISIPPBpeFt PR tardesof or | i ERrdendd tinount t hat
the nolar ratio of these elenments to Fe is usually about 0.005:1 to about
0.04:1. Eweseordinhbis case, the aimed effects of the present invention can
be obtained simlarly. The cobal t-containing maghemte thin filmaccording
to the present Inntbat Rbavéraserdiicmed mesheds ngtlofand PP anef (BoBducahanat nore
than 2.510 ~) a spacing of a plane (222) of not nore than 2.415 ~ or a
spaci ng ofcabaiitawenta20)nofmaaitemitee thianf Plos5G ince| phede snetdwels i f any one
spacing condition is satisfied, it is not required to satisfy the other two
spaci ng comgitirens. twhearatdrefas hé ghbesernaenidsnddianh? 8e°Spaxi ng
conditions concerning the planes (311), (222) and (220) are not satisfied,
it is not mossiidle usabdbt don cheregiestre teetsr i sty imeddum Mearafgra, hi gh
coercive force. Further, such a magnetic recording nmedi um cannot exhibit a
suf fi ci ent tiyedargamventpohal nmetibds hrd Eng082ri#]ly lkinghetorouisrathiyr egi on.
There is a close rel ationship between the spacing of the plane (311), the
pl ane (222¢isactdreggleanas.(220) and the coercive force of the

cobal t-contai ning maghemite thin film In the case where the nolar ratio of
Co to Fe is thelsante adoeeemestrornehderntdpdt hal ¢heomsweicieg aheclspldci ng, the

i gher containing maghemite thin film, since the maghemite thin film
can be formed on a substrate maintained at a temperature as
low as about 50°C, there can be used substrates composed of a
plastic material having a low heat resistance, such as
polyesters, polystyrene terephthalate, polyamides or the like.
However, the coercive force value of the obtained magnetic
recording media is about 1,700 Oe at most.

As a result of the present inventors' earnest studies, it
has been found that by forming a cobalt-containing magnetite
thin film containing cobalt at a molar ratioc of Co to Fe of
not more than 0.06:1 , on a plastic substrate by conducting a
reactive sputtering in a mixed gas atmosphere composed of
oxygen and a rare gas at a substrate temperature of less than
240°C using a cobalt-containing iron alloy as a target, and

then oxidizing the obtained cobalt-containing magnetite thin

film in a plasma-activated oxygen atmosphere containing a rare



t he coercive force becones. The spacing of the plane (311) is usually not

nmore than 2.510 ~, preferably not nore than 2.509 ~, nore preferabl yl?gm 00
nore than 2.S06 A. The lower limt of the spacing of the plane (311)
preferably 2.490 The spacing of the plane (222) is usually not nore than
2.415 ~) preferably not nore than 2.400 ~1, nore preferably not nore than
2.398 ~. The lower limt of the spacing8of the plane (222) is preferably
2.385 The spacing of the plane (220) is usually not nore than 2.950 ~1,

pr ef er abl y 9A6t 2k eSWhRlirar043Mperabiee miefl@sabryamot 4 Hst ot haangf 40 F. .
The lower limt of the spacing of the plane (220) is preferably 2.920 A
The magnet itber ecba bt ngpmedinimcaveondt e tthirhdipnesein a webatton, has a
saturation magnetization (value of magnetization at an applied magnetic
field of lmok@e)nohgusagtdnit23@hin B850 erau/merBEtpr et eratding?2468dian 300

enu/ cnB, and a coercive force (value of coercive force at an applied
magneti c ficehgratidd kOGepfetisudkby owidd edsint Hanm?2, @OciOa s papéerabl y not

| ess than 2,200 Ce, nore preferably not |ess
of having a high cocercive force even when the cobalt content
15 low, exhibits a large output in a high fregquency region,
can be produced in industrially and economically advantageous

manner without limitation to a material for the substrate

thereof. The present invention has been attained on the basis

of the finding.

(0] ENTIO

It is an object of the present invention to provide a
magnetic recording medium comprising a cobalt-containing
maghemite thin film, which has a high coercive force even when
the cobalt content is as low as possible and exhibits a large
output in a high frequency region, and which can be produced
in industrially and economically advantageous manner without
limitation to a material for the substrate thereof.

To accomplish the aims, in a first aspect of the present
invention, there is provided a magnetic recording medium
having a coercive force of not less than 2,000 Ce, comprising
a plastic substrate, and a cobalt-containing maghemite thin
film formed on the substrate, containing cobalt at a molar
ratio of cobalt to iron of not more than 0.06:1, and having
either a spacing of a plane (311) of not more than 2.5104, a

spacing of a plane (222) of not more than 2.415A or a spacing



2 2J Ul 2002 13 than 2,400 Ce. In the present invention, especially when
the nolar ratio of Co to Fe is 0.04:1, such nagnetic recordi ng nedi um has_.a
coercive force as high as about 3,200 Ce. Incidentally, the upper P 2rdUL 8§27
the coercive force of the magnetic recordi ng nedium according to the

present invention) represents a value ngasured at an applied magnetic field
of 15 kOe which is an upper Iimt value of the coercive force neasurable by

"vi brati on, samml Ry R 2 FRINEL R LRI VENEn | §. @i tion) the magnetic
recordi ng nmedi um according to the present invention, exhibits a recording

property (Sp_ prlNmel BhaPhsh&s @y het phessnt hapAQ1dB, I preferably
not |less than 41 dB. Further, the recording density when the reproduced

output is 0 r . put o, i r.di density
e e R B L SRR T i A RS i
nore preferghly. not less than 130 kFRPI, and the di-pulse ratio thereof is
0. Next, t hie rpcesgs' for producing the magnetic recording medi umaccordi ng
hocordi g To tnEBTasL CoRIhT T T e e da BT arthng A
cobal t - cont.ai pi hg. neti.t.e_thi ' Lch_is osi t t Ssubstrate
by a sp-caFPBgélsphr?%_rcﬁjﬁglttn%%h%&“%%%%g%gcggt%?ﬁ‘?onglel ?gngg\:lrg%eas a target
control 11 no 4h S95eh fod Pirsct oo aad S Blpbeftilsh SBLE® PR ) o
t he cobal t-contai ni ng .manet.i te; J | _2002 t [.di_zing the
obt ai ned cgﬁafa?-%c%?ﬁl ai lnr}lngq ﬁﬁﬁﬁe?iufé' ftr]%rr?%fti Ia% %os%%a‘%% S %gﬁ?l%gn%&f\eeti te
thin filmint c | t i.ni ng em t i i d btain

t he ai ned r?ggﬁg Fc%%&ozrc |ncglrrrle iﬂ%%c%sd%ﬁég%gh%%%@prgs?gﬁggér;’n%/’g’rﬁ% on, it
is inportant it r i xygen flow rate (CCM in the m xed gas
relative t%%tdhg %gg%s%‘? ’onha%sdgeed (nmmn) of the cobalt-containing
magnetite. The - - Ly t.he m . | at.iyve t he
deposi tion speegggﬁ?ﬁgl%%‘% ao?jﬁggg%g’a?%%%%n%&%?%gl%%%gﬁe?g;gi gﬁ%’ﬂri ed
dependi ng Lﬁ}% }{Iﬁlr EOH§a%9§QAé€i%§eEOBX§9$é@!an:!rn@)gp}nge C@é}?él | &inGagt &1 Al.ng

magnetite thin m ox1 di zing the Co-containing iron alloy target, for

exanpl e, kifd andSLLHEE & Q:fen@fggg(‘.@{‘élsofjsleé@s nbAt fho 4AS PeafYre, a

substrate tenperature, an area of the target to be sputtered or t1he like.

However , ascd?hxfe‘%%%g Che ”@ﬁﬂal@%&kﬁ?ﬂiﬁ%%ﬁ%@) Fhin h@itslnP?%@orsCOg”i zed

that there I1s a tendency that the |l ess the oxygen flowrate (CCM in the

m xed gas relahioeheatAendeRQiiddi @8 SRS {0 mi n) of the
cobalt-containing magnetite, the smaller the spacing of each of the planes

(311), (222) and (220) of the obtained cobalt-containing maghemte thin
fil m becomesgrsAacy deggRypThoN aomnduet TRYENBIGOUS experinents to obtain

First, the magnetic recording medium according to the
present invention is described.

The magnetic recording medium according to the present
invention comprises a plastic substrate and a cobalt-
containing maghemite thin film formed on the plastic substrate.

The plastic substrate used in the present invention may
be composed of resins having a thermal deformation temperature
of not more than 240°C. Examples of the resins may include
so-called heat-resistant resins such as polyimides,

polysulfones, polyarylates, polyphenylene sulfides (PPS),



the oxygen flowrate (CCM in the m xed gas relative to the deposition
speed (nmmn) of the cobalt-containing nagnetite at which the Spa??QHMQﬁM
each of planes (311), (222) and (220) becones snaller than that of

bul k, the deposition speed 22J Ul 2002 15 (nmmn) of the

co: oal.t-contai ning magnetite and the ogfgen flowrate can be respectively
controlled so as to be smaller than th of the bulk. In order to obtain
such a cobal t-containing nmaghemte thin filmhaving a small er spacing of

pl ane t ha® lWgther duNeE Katoaeeor BEFEe MW PhBleX é?l'i%;@rlrt gegdhriuct ed, as
descri bed i n Exanpl es and Conparative Exanpl es hereinafter, when the

deposi t i onf P¥Feedlghethie dﬁﬁaﬁﬂléﬁﬁta@%hﬁﬁjhﬂgﬁ@tP@EbW¥9¥§U§ AAEMi n and a
whole flow rate of the m xed gas is about 10 CCM the oxygen flowrate is
usual | y natolyetbylban 0eB35ICONRtpr éPEPabIBplydormetéehyis (@.27. CCM nore
preferably not nore than 0.25 CCM The lower limt of the oxygen flow rate
i s usual | yIBlLEieC\Wratered iy oy gent fFfow raelivethpiena han 0.35 CCM it is
difficult to obtain such a cobalt-containing naghemte thin filmthat the
spaci ng oftesinaidnotrhée pl oty (B3 lpnet hei plumede22R) cotde heo@lvanegr€220) i s
smal | er than that of bulk. Further, hematite tends to be produced in the
obt ai ned cobdlacrydatas ni polywgiromatest hP@) fad mhesdikhat Mehewbater ati on
magneti zati on val ue thereof tends to be reduced. On the other hand, when

t he oxygentid owheatmeli defewsa tivan tembEr OCM e ete@hnsi pohePaatorewustit e
(FeO) tends to be produced in the obtained cobalt-containing maghemte thin
film resuhedsurdd detreasmplay cowocidvrdf o? AEMhér-&é48. As the rare gases
used in the present invention, there may be exenplified helium neon,

ar gon, krypt on)Theenoaltadont oin irye mMagkenite thhe doAni Hes at iWyickheshe
Sputtering rate and i 22 J UL 2002 16 econony, argon is preferable
anong t hesef raswalgasds 00Theo cobalum.c paedeniply mh@dét teelphymbe ngegosi t ed at
a substrate tenperature of usually less than 240C. In the consideration of
the heat - res¢8eraily of 0fasei ¢. haver i Hhen uged thdrknhes stbsthearebal be
deposition tenmperature is preferably not nore than 200C,_ nore preferably
not nore tHaAntaB8odo Tieghlepwee thin tfigh theldeposian én Otoérrpler atturie is
preferably -196C. The tinme required for depositing the cobalt-containing
magnetite fayfibeulepresdtads pymagretisl FeCOBE sl TR COMET hginch@

thi ckness of deposited filmby the deposition speed. The cobalt-containing
magnetite Fﬁbﬁltww‘r@quﬁ@nn@smmzw o faleobaying enicarRF ke riaftfeni te
thin film At this tineg, is inmportant_ that the oxidation is conducted at
a substrat@ftéﬁﬁe¥%§%n§ﬁﬁﬁ ﬂ 888 Phan OP46Ee| ALEDINRSPRal PRV oxygen

at nosphere containing a rare_gas. As the nethod of irradiating, the

pl asma- act itPACERSBR Yo rtRO RSP haF NP IRS BRERFTY §S ddin ﬁé%’ﬁo’cF J¥%g an
ECR m croplasna, In addjtion, the irradiati,gn condition |ncludes an ashing
node and arf %@Pcﬁlﬂg“ﬂndkF i dgeneratt T WHe OXBAY ARt 2eatBfon beam

emtted fron1a glasna generating chanber is
ed cobdlt-contaifiing maghemite thin film up to a deep

portion thereof when signals are recorded thereon, thereby
failing to obtain good recording and reproduction
characteristics.

In the present invention, the maghemite is represented by

the general formula of Yy-Fes0s3, but may contain a slight

amount of Fe2+,

The cobalt content in the cobalt-containing maghemite

thin film at a molar ratio of Co to Fe is usually not more



irradi ated onto a substrate while maintaining the ionized state. Therefore,
the ashing node is suitably used for surface-nodification treatnent3.JuO1002
the ot'her hand, in the etching node, the ion beamemtted fromthe

pl asma- generati ng chanber neutralizes a space charge using a neutrali zer,
so that the intensity and anount of the ion beam are increased. 22J UL
2002 17 Therefore, the etching node is Hffective to conduct an etching
treatment. The ion acceleration voltage is preferably -500 to 0 V, nore

pr ef er abl y thap00t 86 - 1oerefewrbhy t hePd oOn t@cfellr &t | BRePolFRadwliag | ess than
-500 V, the thin filmmy suffer frometching, so that the filmthickness
becomes decréaseisrlesevdman Whh:t helti ciavabeefef &t i6l ehbein &2 nore t han
0 V, the plasma-activated oxygen ion is not irradiated because the el ectron
is enmittedmagnethe peesshindg mednthomaving kasobeehve eops z2edhidtatasunder
such a condition that the thin filmremins unrenoved, for exanple, the ion
accel er ati owtvdesagehaf 2 68¥ Okan Grb0heVothesi mhdr winendahe omelegcel erati ng
effect can be obtained by any of the irradiation nodes. In order to

i ncrease thmtdwpust mofe ptlaesrd) .génér at ed)s idififsculrpore asittatia kncor porate a
rare gas (such as He) Ne, Ar, Kr) Xe or Rn) into a process gas (oxygen) for
t he pur posenaghheadcekeratdiong ofedihe haating amn excef hentcostsikddriayi on of the

ef fect of accelerating the oxidation of the cobalt-containing nmagnetite,

hel i um and nempeadenpr ef ecledbige iAsphesade @houime.of the rare gas contai ned,
t he percentage of flowrate of the rare gas to that of oxygen is preferably
1 to 90 ~, nore Treefebablyctaanihg~naghehiterorenptélmrmedyt udther60 $. When
the rare gas is contained in the above-specified range, the oxygen can be
ef fecti vel ycaxcirecht Waentt dree pdrepentageleftedd moar ehgagrdyow rate to the

2 2J UL 200? moxygen flowrate is less thani ~, it is difficult to

ef f ecti vel ycepnodiiceagarfadni vidit edwox Fgeand Gn tire codker tharbroMeen t he
percentage of the rare gas flowrate to the oxygen flowrate is nore than
90 ~, the av@uiRubfPuerpgsnesctharssd f on sheh ol daovol bhat hde molar

cobal t-contai ni ng magnetite may be conparatively reduced, so that the

oxi dati on reatid ovf ttdlese aleoerfpard ¢ oF viwellyTiedopki Bafforl ttenper at ure
is less than 240C. In the consideration of heat resistance of the plastic
substrat e apdopt cluA il t §ven e driigacpan. tdperiaedr effecyr offeihdl y not
nore than 200C, nore preferably not nore than 180C. The lower limt of the
oxi dati on t BEPee@E uievery ignefan dps yohtpdged FhBilaportant point of the
present invention lies in such a fact that in the case where_the

cobal t - cont ai ni nGrPreERAitECRRRHF T MASeRede o he T SEFF R D Cai n
cobalt at a polar ratio of cgobalt to iron of not nore than 0.06:1) and is
adj ust ed so *PRaPT&FEReri TR tdpRCcIAY Bt aReSPRINY AL RoPLifBfeliHdn 3. 510
~, the spacing of plane (222) Xf not nore than 2,415 A Q. t?e srgaci ng of

pl ane (220) "6F RBFSnbRan thart 23050 SRETHT B 8aP1R1T F 22 hat ot aitReE
magnetic recordi ng nedjum has an, excellent stability independent of change
in passage OfePi Aetlal’eRF By SPERIESLt t2 BIRPeEnt 2ahl of MOGhBPTR o ve
force, and %ag5§§hi bit a large output in a high frequency region. The
reason why tH éneti c recordi ng nedi um havi ng such excell ent properties

can be obt ai ned, Ii S gonsi der ed fas f ol Igws. Tr}]at ciosa'éjijen ti% thg. f@{:tdthat
the ai med magnet i€ FBEdrdfify 1L 3°Y one spacing conditio satisfied,

it is not required to satisfy the other two spacing conditions.

When all of the above-mentioned three spacing conditions
concerning the planes (311), (222) and (220) are not satisfied,
it is not possible to obtain a magnetic recording medium
having a high coercive force. Further, such a magnetic

recording medium cannot exhibit a sufficiently large output in



2 2 JUL 2002 19 nedi um cannot be obtained in any of the cases where the
cobal t-containing maghemite thin filmsatisfies the specified spachngyﬂml
the cobalt content thereof is out of the specified range, and where the
specified cobalt content is satisfied but the cobalt-containing maghenmte
thin filmdoes not satisfy the specified spacing, the technical advantages
of the present invention have been attBined by a synergistic effect based
on the specified cobalt content and the specified spacing in the

cobal t - cont Ailghn§resegreay tre€gihnn film As to the spacing of the respective
pl anes of the cobal tcontaining maghemite thin filmaccording to the present
i nvention) evefiheheuph a el osensehebt ¢mihitemesracnr ehe ssnasdact oft tlaasf orm
the cobalt-containing magnetite thin filminto the cobalt-containing
maghem t e gtlhine f(BLE , ttitee gfaciend2@R) eacchilef rtllaeepliabes (B the (222) and
(220) is changed by varying the oxygen flow rate upon production of the
cobal t - condicairtiing fagaetst ecHahicabhilk rromie rfimgt heghéacte titincdhlhe

recogni zed that the change of the spacing is not caused by the difference
in thermalirexpensaes woefd iienolhet neeo tdfe uhst Fat &s attk tdage,

cobal t-contai ni ng maghemite thin filmupon the heat treatnent, but is
caused by greductiison tendpaet nthaaf thheswabpddt -thentspaaing, Meghériighext hin film
itself. The reason why the oxidation tenperature can be reduced to the

t enper at urghaAscde@wias Eesse thwyon240C, is considered as follows. That is,
since the cobalt-containing magnetite thin filmof the present invention
cannot be oxi dimted speeehy &F the? pladeU(RLP200 2(5ukéaly- hoeatdreg thhe fil m at
a substrate tenperature of |ess than 240C in an atnospheric air) as shown

i n Conpar at j ve) Bxapple€srApl¢i maf trefre ithahs2 ciotsiddemedet hatfdtublgxindat i on
tenperature can be reduced to | ess than 240C by irradiating a

pl asmaact i ved € ey @eF0i60AS CId dokkepglimitaref gae ephoiidiecicabeal t cont ai ni ng
magnetite thin film The magnetic recordi ng nedium according to the present
i nvention pasndavyig Hisgbeefeosst e 400r de even if the cobalt content is as
| ow as possi ble, can exhibit a large output in a high frequency region, and
can be, therefories ssdiabl yrusies plsarmednet) cis ecsoral iyg needmnar é othan

hi gh-density recording in current magnetic recording systens using a

ri ng-type paghetAc dhedikrabiyaddt tmary thant Be4dtghetmarer eeefdiagl yreditum
according to the present invention, since the heat-treating tenperature
used for oxbdezihgntheSSokal t Tloonteieri Agmhagoettilte spaicangi éintihe o t he

cobal t-contai ning maghemite th=n film is as |ow as | ess than 240C, raw

mat eri al s bdenehé23uUbsts gtrefiesandy 2 &1fifi 'ed t o have a heat resistance, so
that plastic materials can be used therefor) resulting in a good

producti vity an@henskestiricalofantieepbamsri @20)adsansugbly noXAWPxe Thigampr esent
invention is described in nore detail by Exanpl es and Conparative Exanpl es,
but the Exa@npgF@sAarerefgnakly motravieechamd 2 .vKer &f onere mytefienabhvenbt o
limt the scope of the present invention. (1) The oxidation of the

cobal t - conteirei nbanndged ik.e Thenlower limit of the spacing of the

plane (220) is preferably 2.920 A.

The magnetic recording medium according to the present
invention, has a saturation magnetization (value of
magnetization at an applied magnetic field of 15 kOe) of
usually 230 to 350 emu/cm?, preferably 240 to 300 emu/cm3, and
a coercive force (value of coercive force at an applied
magnetic field of 15 kOe)of usually not less than 2,000 Oe,

preferably not less than 2,200 Qe, more preferably not less



22JUIl 2002 21 f i 1 minto the cabal t-containincr macrhemte th~d f i
| mwas determ ned by observing change in surface resistivity of qt‘[eJmth[]ﬁZ
filmwhich is one of indices thereof. That is, the surface resistivity of

t he cobal t-contai ning magnetite thin filmwas in the range of 0.001 to 0.5
M52, while the surface resistivity of the cobalt-containing maghemte thin
filmwas raised from1l to 100 M52. andldvari ed thereover. The surface
resistivity was neasured by an Insulation Tester DM 1527 (manufactured by
Sanwa DenkhaieRki0Tg. LTd. Jheéypsstanitngnvhnt d0st sarrechef weewhewdher obes to
10 mm (2) The macnetostatic properties such as coercive force and

sat ur at i omodagneidtzatdiorCoftot e magheld d r evchdinagnetidi ymcoadenexpr essed by
val ues nmeasured by "Vi bration Sanpl e Magnetoneter VSM' (nanufactured by
TOElI KOGY@eGDum hIP. 3 .cdedciliee fX¥reavadiffaghaaisi ehopatl s Gef. the thin filns
are neasured by "X-Ray D ffractoneter RAD-11A" (manufactured by R GAKU
DENKI CO., LTDincidéetarEasurdheguepadi @imins off thhecXeraiwelifofricacbi on

patterns are as follow
the magnetic recording medium according to the present
invention, represents a value measured at an applied magnetic
field of 15 kOe which is an upper limit value of the coercive
force measurable by "vibration sample-type magnetometer VSM"

In addition, the magnetic recording medium according to

the present invention, exhibits a recording property (Sp-
p/Nrmsg) of preferably not less than 40 dB, more preferably not

less than 41 dB. Further, the recording density when the
reproduced output is one half of a reproduced ocutput obtained
at a recording density of 1kFRPI (flux reversals per inch), is
preferably not less than 120 XFRPI, more preferably not less

than 130 kFRPI, and the di-pulse ratioc thereof is 0.

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

The magnetic recording medium according to the present
invention may be produced by forming a cobalt-containing
magnetite thin film which is deposited on the substrate by a
so-called sputtering method using Co-containing iron alloy as
a target while introducing a mixed gas composed of oxygen and
a rare gas, and controlling an oxygen flow rate (CCM) and a

deposition speed (mm/min) of the cobalt-containing magnetite;



| anp used: Fe; lanp voltage: 40 kV; lanp current: 25 mA; sanpling w dth of
goni oneter: 0.010; scanning speed: 1.000/mn; light-emtting (divzr gﬂﬁ)mz
slit: -1, scattering slit: 1; light-receiving slit: 0.30 nm The r d?
covering a diffraction angle (28) of 30.00 to 2 2 JUL 2002 22 60.00 was
measur ed under the above-nentioned conditions. (4) The recording properties
such as a reproduced output or di-pul 9¢ of the magnetic recordi ng nmedi um
are evaluated as follows. That is, after a magnetic filmwas formed on the
subst r at eaBAdtheremied z30ef fbe oFtalmedrgghat FccIIanAas Boatedt G th a
perfl uoropol yet her-based | ubricant "FOVBLIN Z DOL" (tradename: produced by
AUSI MONT Khifg, JilmrtdMtG@amsddriorhe/ORargritg ahiaptilengnicof aporitt-0.2 um
and a track width of 21 dun was run on the obtai ned magnetic recording
medi um whicbetednti ag tnagherherenhih. £he respective recording properties were
eval uated by using "Recording and Reproduction Tester M4V' (manufactured
by FUJI TSU AUTOWATT @A G@ ,oHtEDn) thSpeiidd calghy) it heeqmoidsaovakdiuri Nr ns) was
anal yzed by "Spectrum Anal yzer TR4171" (nmanufactured by ADVANTEST CO. ,
LTD.) at a&owelrdéntytoftide pmasentTheverpraoduded isufpprr{a@rt <p) candrdl - pul se
ratio were anal yzed by "Gscill oscope VP5514A" (nmanufactured by PANASON C
CO., LTD. )trast oxygehofivty rndce3. (@C)sinExmeplixet: gblsi nglatihigghof kBguency
sputtering apparatus SH 250H TO6 (nanufactured by N PPON VACUUM CO., LTD.),
a cobal t - cimdadiniing spesd alimynimar gét thEecamittaicpnngiinofmabntettfewas
reacti vesputtered by adjusting a di stance between a polyim de substrate and
the target to 8hemscyabnafSoptatat € CCRMpES athy enixed 2ad telatde@l £33 of 200C
in a mxed gas atnosphere conposed of argon and oxygen at an oxygen fl ow
rate of 0. diBe MdsidebnaBpesygein/pamli af phessib=A rokoArdabimglorr and a
total pressure of 9 mlorr, thereby depositing a cobalt-containing magnetite
thin film hayheagi e t Hisckaessd ofefdhdimgangdosovdai nisngoadbal tnatfe nol ar
ratio of Co to Fe of 0.04:1, on the substrate at a deposition speed of 4.3
nnm m n. Thebebiaimed eohabbtententd itg mmagrehet 2cd hibnof ifhfmhaxli @i zsimef ace
resistivity of 0.06 M2. Incidentally, the electric power applied was 300
W The obt ahredocodatdirdonrt dirnhngl heygnetrigee , t hon éxdmplwas koxd dazded by
irradiating with plasma-activated oxygen ions

structure of apparatus used, a total gas pressure, a substrate

temperature, an area of the target to be sputtered or the like.

However, as a result of many experiments conducted, it
has been recognized that there is a tendency that the less the
oxygen flow rate (CCM) in the mixed gas relative to the
deposition speed (nm/min) of the cobalt-containing magnetite,
the smaller the spacing of each of the planes (311), (222) and
(220) of the obtained cobalt-containing maghemite thin film
becomes .

Accordingly, by conducting various experiments to obtain

the oxygen flow rate (CCM) in the mixed gas relative to the
deposition speed (nm/min) of the cobalt-containing magnetite
at which the spacing of each of planes (311), (222) and (220)

becomes smaller than that of the bulk, the deposition speed



under a total gas pressure of 3 x 10-4 Torr in an oxygen atnosphere

contai ning helium (percentage of heliumgas flow rate to oxygen f&gwl_\%m:
50 ~) -at a substrate tenperature of 150C, at a m crowave power of at
an ion acceleration voltage of -150 V for 30 mnutes by using an El ectron
Cyclotron Resonance (ECR)-type ion sheyer apparatus "El S200ER"
(manufactured by ELIONI X CO., LTD.), thereby producing a magnetic recording

medi um  Tiag, /alEhal Bedehdi Aofddimdiadadns fRhdt8%ieS bhMi ENe Uxy@enMBZ, and
was, therefore determned to be a cobalt-containing maghemte thin film

The Coba'élo%@faeenbgg ﬂ@gpeeggé&lfvlehg] bagcfoiNicchiess of K9 dMp114s a result

of the neasurenent X-ray diffraction pattern, diffraction peaks of the

pl ane (:Bjt%)aél %E@gf% §pg%@%of 2.505 ~ and the plane (222) having a

spacing o U L 2002 24 were observed. The nmagnetostatic
property of t taln et| ecorqj @g@x so, that it
was determ neg%t flefheocoer Cl ve%fcglr %e hggtég?fa %0%3@ %’ th

saturatio e_tl zat, I an t t her ﬁeézgﬂlegy/ﬁ%e 'l;lijlgnr @ﬁQE déﬂqiuq_ropertl es

smha
of the obtHi al Thed magne g Fel0T were neasured,

det er ni ned ta;lagﬁftdggcgp g/ {.}'"}éﬁ?]g%paérq dnpenogq <? Lo PRE! dé%gxng%eng B nsi ty

recor ded, e age ensi s (recor

when t he duced .out hal.f _of a repr oduce ut obtai ned at
a recor d.%aol’&P S A% % ﬁﬁ%%r S5 S | RRP lml“)ntearddl ?\I on&lq? he i sol at ed

r epr oduce orm of the [ et| Jec medi u taipe en al
KFRPI si g%%‘?oﬁa lorne(,sgteggd()f\?\gg _%Osberve gl":gf‘ﬁgn slga} eézgggpls 9ém

€, So that it was

determ ned that t or exhl unj m)d ul Se €69 spondi ng
to a di- p‘ﬁ[f‘}le”f' att oaof’V¥’6 °‘6b’f al ne %rglgne ¢ %agorlcf A9 mgd (Errclgév\l\gs

| ongi tudi pal recordi rredl um, e Exanples 1
to 3: The&slame ocefgg} TEF nlesd usmll—_'; éﬂegs%%ggggggﬁzlééw’

preferably not more than 0.27 CCM, more preferably not more
than 0.25 CCM. The lower limit of the oxygen flow rate is
usually 0.13 CCM. When the oxygen flow rate 1is more than 0.35
CCM, it is difficult to obtain such a cobalt-containing
maghemite thin film that the spacing of either the plane (311),
the plane (222) or the plane (220) is smaller than that of
bulk. Further, hematite tends to be produced in the obtained
cobalt-containing maghemite thin f£ilm, so that the saturation
magnetization value thereof tends to be reduced. On the other
hand, when the oxygen flow rate is less than 0.13 CCM, metal
iron (Fe) or wustite (FeO) tends to be produced in the
obtained cobalt-containing maghemite thin film, resulting in
decrease in coercive force thereof.

As the rare gases used in the present invention, there
may be exemplified helium, neon, argon, krypton, xenon, radon

or the like. 1In the consideration of the sputtering rate and



&

except that kind of plastic substrate, substrate tenperature, oxygen flow
rate and deposition speed upon production of the cobalt-containiig JUL 2007
magnetite thin filn) and substrate tenperature, kind of the rare gas)
percentage of rare gas flowrate tv oxygen flowrate and irradiation tine
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2 JUL 200%5&?2 limit of the deposition temperature is preferably -196°C.

The time required for depositing the cobalt-containing
magnetite may be represented by the value obtained by dividing
the thickness of deposited film by the deposition speed.

The cobalt-containing magnetite thin film is then
oxidized into a cobalt-containing maghemite thin film. At
this time, it is important that the oxidation is conducted at
a substrate temperature of less than 240°C in a plasma-
activated oxygen atmosphere containing a rare gas.

As the method of irradiating the plasma-activated oxygen
ions, there may be exemplified a method using an ECR
microplasma. In addition, the irradiation condition includes
an ashing mode and an etching mode. In general, in the ashing
mode, an ion beam emitted from a plasma-generating chamber is
irradiated onto a substrate while maintaining the ionized
state. Therefore, the ashing mode is suitably used for
surface-modification treatments. On the other hand, in the
etching mode, the ion beam emitted from the plasma-generating
chamber neutralizes a space charge using a neutralizer, so

that the intensity and amount of the ion beam are increased.
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fil mConparative Exanpl esSurface resistivity (MsS2) Cobalt content (q%fm
ratio of Co:Fe)Exanpl e 20.060. 04: 1Exanpl e 30. 050. 06: 1Exanpl e L 2002
40. 150. 03: 1Exanpl e 50. 190. 04: 1Conpar ati ve Exanpl e 10.0070. 04: 1Conparati ve
Exanpl-e 20. 050: 1Conpar ati ve Exanpl e 30, 100.04:1 2 2J UL 2002 28 Table 1
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2Conpar ati ve200- 05 sec. Examle 3 2 ZJ UL 200Z 29 Tab a 2
ExanplesNhgnethethP% acceleration voltage is preferably -500 to 0 V,

fi | mandKi ndCobal t Thi cknessConpar ati vecont ent (nnm) Exanpl es(nol ar ratioof Co k
Fe ) Exanpimer2copsferabby: 130t det ail AP ngnadinem toExaph|acceleration

3cobal t-0. 06: 160cont ai ni ngmaghem t eExanpl e

4cobal t - OV@@tﬁzec@ﬁtéﬁﬁﬁn@Mﬂgh@@ﬁtEExéh@l@ﬁﬁtdbdmtHﬁy suffer from

0. 04: 120cont ai ni ngmagheni t eConpar ati vecobal t - 0. 04: 180Exanpl e
1conta|n|rﬂﬁﬁﬂymgnl?éCﬁh@é{%ﬁ¢\ﬁ&%@b&hﬂcbn§§ﬁﬁéﬁﬂﬁmﬁ§ decrease or uneven.

2cont ai ni ngmagheni t eConpar at i vecobal t - 0. 04: 120Exanpl e Scontalnlngnagnetlte
enn the ion acceleration voltage is more than 0 V, the

plasma-activated oxygen ion 1s not irradiated because the
electron is emitted. In the present invention, it has been
recognized that under such a condition that the thin film
remains unremoved, for example, the ion acceleration voltage
of less than -500 V, a similar oxidation-accelerating effect
can be obtained by any of the irradiation modes.

In order to increase the amount of plasma generated, it
is important to incorporate a rare gas (such as He, Ne, Ar, Kr,
Xe or Rn) into a process gas (oxygen) for the purpose of
acceleration of the reaction. In the consideration of the
effect of accelerating the oxidation of the cobalt-containing
magnetite, helium and neon are preferable. As to the amount
of the rare gas contained, the percentage of flow rate of the
rare gas to that of oxygen is preferably 1 to 90 %, more
preferably 2 to 75 %, still more preferably 3 to 60 %. When
the rare gas is contained in the above-specified range, the
oxygen can be effectively excited.

When the percentage of the rare gas flow rate to the
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CLAI MED | Stheh thenpgneentagecol diheg rawdi aas cbhyr irsitegtoathé astyaersubst r at e;
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comparatively reduced, so that the oxidation reaction takes a

long period of time. The oxidation temperature is less than

240°C. In the consideration of heat resistance of the plastic

substrate and productivity, the oxidation temperature is

preferably not more than 200°C, more preferably not more than

180°C. The lower limit of the oxidation temperature is

preferably -196°C.

The important point of the present invention lies in such

a fact that in the case where the cobalt-containing maghemite

thin film formed on the substrate contain cobalt at a molar

ratio of cobalt to iron of not more than 0.06:1, and is

adjusted so that either the spacing of plane (311) of not more

than 2.510 A, the spacing of plane (222) of not more than

2.415 A or the spacing of plane (220) of not more than 2.950 A

can be satisfied, the obtained magnetic recording medium has

an excellent stability independent of change in passage of

time caused by low cobalt content and a higher coercive force,

and can exhibit a large output in a high frequency regiomn.

The reason why the magnetic recording medium having such

excellent properties can be obtained, is considered as follows.

That is, due to the fact that the aimed magnetic recording



and having a coercive force of not less than 2,000 Ce. 2. A nagnetic
recordi ng nmedi an according to claimi, wherein the nolar ratio of cobalt to
iron in said cobalt containing maghenite thin filmis 0.03:1 to 02deJUL 208hd
the coercive force is not |less than 2,200 oe. 3. A magnetic recording

medi um according to claim 1, which further contains at |east one el enent

sel ected fromthe group consisting of1%h, Ni) Cu) Ti and Zn in such an
amount that the nolar ratio of said elenent to iron is 0.005:1 to 0.04:1.

4. A nagmediomr egondi nige neghiaimedccor dnngof ocled @awes, whbee etle t he spaci ng of
the plane (311) is 2.490 to 2.509 ~, the spacing of the plane (222) is

2. 385 t 0 c2bé0b-ctntaiditdenspeniing ohinheilh e icZ26y the 259 ftied?2. 943 2
2 J UL 2002 33 5. A magnetic recording nedium according to claim1, which
further hgacngebtdiRe Es¥YIET tabn@bnaothéesst timru40 o Hrhansbeac irfaear di ng

density when the reproduced output is one half
range, and where the specified cobalt content is satisfied but
the cobalt-containing maghemite thin f£ilm does not satisfy the
specified spacing, the technical advantages of the present
invention have been attained by a synergistic effect based on
the specified cobalt content and the specified spacing in the
cobalt-containing maghemite thin £ilm.

As to the spacing of the respective planes of the cobalt-
containing maghemite thin film according to the present
invention, even though the same heating temperature is used to
transform the cobalt-containing magnetite thin film into the
cobalt-containing maghemite thin film, the spacing of each of
the planes (311), (222) and (220) 1is changed by varying the
oxygen flow rate upon production of the cobalt-containing
magnetite thin film. Due to this fact, it can be recognized
that the change of the spacing is not caused by the difference
in thermal expansion coefficient between the substrate and the
cobalt-containing maghemite thin film upon the heat treatment,
but is caused by reduction in spacing of the cobalt-containing
maghemite thin film itself.

The reason why the oxidation temperature can be reduced
to the temperature as low as less than 240°C, is considered as
follows. That is, since the cobalt-ceontaining magnetite thin

film of the present invention cannot be oxidized merely by



of a reproduced out put obtained at a recording density of | kFRPI, of not

| ess than 120k FRPI 6. A process for producing a magnetic recordi di um
as set forth in claim1, conprising: formng a cobalt-containing iﬁdﬂﬁﬁﬁﬂte
thin filmcontaining cobalt at a nolar ratio of Co to Fe of not nore than
0.06:1) on a plastic substrate by reag{)i ve sputtering a cobalt-containing

i ron all oy target at a substrate tenperature of |ess than 240C in a m xed

gas atno Qr ta| ni jng en and are i ng the_obtained
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] cal ca] ca] ca] ca] cal ca]ca]cal caljcalc”alcalcaUc:alcal?v 4 9 Vef G
lvated oxygen ions contailning rate gds onto the cobalt—

containing magnetite thin film.

The magnetic recording medium according to the present
invention can have a higher coercive force even if the cobalt
content is as low as possible, can exhibit a large output in a
high frequency region, and can be, therefore, suitably used as
magnetic recording media for high-density recording in current
magnetic recording systems using a ring-type magnetic head.

In addition, in the magnetic recording medium according
to the present invention, since the heat-treating temperature
used for oxidizing the cobalt-containing magnetite thin film
into the cobalt-containing maghemite thin film, is as low as
less than 240°C, raw materials for the substrate is not
required to have a heat resistance, so that plastic materials
can be used therefor, resulting in a good productivity and

industrial and economical advantages.

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.

(1) The oxidation of the cobalt-containing magnetite thin
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measured by "X-Ray Diffractometer RAD-IIA" (manufactured by

RIGAKU DENKI CO., LTD.).
The measuring conditions of the X-ray diffraction
patterns are as follow:
lamp used: Fe; lamp voltage: 40 kV;-lamp current: 25
mA; sampling width of goniometer: 0.010°; scanning
speed: 1.0009/min; light-emitting (divergent) slit:
19; scattering slit: 1°; light-receiving slit: 0.30

mm.

The region covering a diffraction angle (20) of 30.00° to
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60.00° was measured under the above-mentioned conditions.

{4) The recording properties such as a reproduced output
or di-pulse of the magnetic recording medium are evaluated as
follows.

That 1s, after a magnetic film was formed on the
substrate and then the surface of the magnetic film was coated
with a perfluoropolyether-based lubricant "FOMBLIN Z DOL"
{tradename: produced by AUSIMONT K. K.), an MIG head for VCR
having a gap length of about 0.2 um and a track width of 21 um
was run on the obtained magnetic recording medium while
contacting therewith. The respective recording properties

were evaluated by using "Recording and Reproduction Tester M-
84V" (manufactured by FUJITSU AUTOMATION CO., LTD.).
Specifically, the noise value (Nrms) was analyzed by
"Spectrum Analyzer TR4171" (manufactured by ADVANTEST CO.,
LTD.) at a velocity of 3.0 m/s.
The reproduced output (Sp-p) and di-pulse ratio were

analyzed by "Oscilloscope VP5514A" (manufactured by PANASONIC

CO., LTD.) at a velocity of 3.0 m/s.

Example 1:

Using a high frequency sputtering apparatus SH-250H-T06
(manufactured by NIPPON VACUUM CO., LTD.), a cobalt-containing
iron alloy target (Fe containing Co of 4wt.%) was reactive-
sputtered by adjusting a distance between a polyimide

substrate and the target to 80 mm, at a substrate temperature
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of 200°C in a mixed gas atmosphere composed of argon and

oxygen at an oxygen flow rate of 0.18 CCM under an oxygen

partial pressure of 0.155 mTorr and a total pressure of 9

mTorr, thereby depositing a cobalt-containing magnetite thin

film having a thickness of 60 nm and containing cobalt at a

molar ratio of Co to Fe of 0.04:1, on the substrate at a

deposition speed of 4.3 nm/min. The obtained cobalt-

containing magnetite thin film had a surface resistivity of
0.06 MQ. Incidentally, the electric power applied was 300 W.

The obtained cobalt-containing magnetite thin film was
oxlidized by irradiating with plasma-activated oxygen ions
under a total gas pressure éf ﬁ x 1074 Torr in an oxygen
atmosphere containing helium (percentage of helium gas flow
rate to oxygen flow rate: 50 %) at a substrate temperature of
150°C, at a microwave power of 100 W, at an ion acceleration
voltage of -150 V for 30 minutes by using an Electron
Cyclotron Resonance (ECR)-type ion shower apparatus "EIS-
200ER” (manufactured by ELIONIX CO., LTD.), thereby producing

a2 magnetic recording medium. The obtained thin film had a

surface resistivity of 70 MQQ, and was, therefore, determined

to be a cobalt-containing maghemite thin film.

The cobalt-containing maghemite film had a thickness of
60 nm. As a result of the measurement of X-ray diffraction
pattern, diffraction peaks of the plane (311) having a spacing

of 2.505 A and the plane (222) having a spacing of 2.412 A,
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were observed.

The magnetostatic property of the obtained magnetic
recording medium was measured, so that it was determined that
the coercive force thereof was 2,200 Oe and the saturation
magnetization thereof was 275 emu/cm?.

The recording properties of the obtained magnetic
recording medium were measured, so that it was determined that
the Sp-p/Nyms obtained when a 100 kFRPI signal was recorded,
was 40 dB, and the half-voltage density Dgp (recording density
when the reproduced output was one half of a reproduced output
obtained at a recording density of 1 KFRPI) was 130 kFRPI.

In addition, the isolated reproduced waveform of the
magnetic recording medium obtained when a 1 XFRPI signal was
recorded, was observed by the oscilloscope, so that it was
determined that the waveform exhibited a unimodal pulse shape
corresponding to a di-pulse ratio of 0. The obtained magnetic

recording medium was a longitudinal recording medium.

Examples 2 to 5 and Comparative Examples 1 to 3:

The same procedure defined in Example 1 was conducted
except that kind of plastic substrate, substrate temperature,
oxygen flow rate and deposition speed upon production of the
cobalt-containing magnetite thin film, and substrate
temperature, kind of the rare gas, percentage of rare gas flow
rate to oxygen flow rate and irradiation time upon oxidation

of the magnetite thin film were varied, thereby obtaining
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maghetic recording media.

The production conditions and various properties are
shown in Tables 1 and 2.

Incidentally, in Comparative Example 3, the cobalt-
containing magnetite thin film was treated in an atmospheric
air instead of the plasma-activated oxygen atmosphere
containing the rare gas. However, the cobalt-containing
magnetite thin film was not oxidized and remained as magnetite

even after the treatment.
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Table 1

Examples Production of cobalt-containing magnetite
and thin film
Comparative| Substrate| Substrate Oxygen Deposition
Examples used temperature | flow rate speed
(°C) (CCM) {nm/min)

Example 2 PC 80 0.22 3.3
Example 3 Polyamide 100 0.22 3.3
Example 4 Polyimide 150 0.21 3.3
Example 5 Polyimide 200 0.15 4.0

Comparative PC 80 0.36 3.3
Example 1

Comparative PC 80 0.22 3.4
Example 2

Comparative| Polyimide 200 0.22 3.3
Example 3
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Table 1 (continued)

Examples and Cobalt—containigg magnetite thin film

Comparative Sﬁrface resistivity Cobalt content
Examples (M) {(molar ratio of

Co:Fe)

Example 2 0.06 0.04:1
Example 3 0.05 0.06:1
Example 4 0.15 0.03:1
Example 5 0.19 0.04:1

Comparative 0.007 0.04:1
Example 1

Comparative 0.05 0:1
Example 2

Comparative 0.10 0.04:1
Example 3
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Table 1 (continued)
Examples Oxidation treatment
and Substrate Kind of | Percentage| Irradiation
Comparative | temperature | rare gas| of rare time
Examples (°C) gas flow
rate to
oxygen
flow rate
(%)
Example 2 130 He 50 30 min.
Example 3 180 He 50 . 1l min.
Example 4 200 He S0 5 sec.
Example 5 200 He 30 5 sec.
Comparative 130 He 60 30 min.
Example 1
Comparative 180 He 50 30 min.
Example 2
Comparative 200 - 0 5 sec.
Example 3

|
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Table 2
Examples Magnetic thin film
and Kind Cobalt Thickness
Comparative content (nm)
Examples (molar ratio
of Co:Fe)
Example 2 cobalt- 0.04:1 80
containing
maghemite
Example 3 cobalt- 0.06:1 60
containing
maghemite
Example 4 cobalt-~- 0.03:1 20
containing
maghemite
Example 5 cobalt- 0.04:1 20
containing
maghemite
Comparative cobalt- 0.04:1 80
Example 1 containing
maghemite
Comparative cobalt- 0:1 60
Example 2 containing
maghemite
Comparative cobalt- 0.04:1 20
Example 3 containing
magnetite
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) Plane Plane Plane
Comparative | resistivity
(311) (222) (220)
Examples (M) (A) (4) (A)
Exagg}e 2 50 2.505 - -
Example 3 12 2.508 - 2.938
Example 4 11 2.506 2.400 -
Example S 10 2.502 2.399 ~
Comparative
Example 1 5 2.530 2.423 -
Comparative
Example 2 11 2.508 - -
Comparative
Example 3 0.10 2.505 - -
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(emu/cmd)
Example 2 267 2,890 45 135 0
Example 3 289 3,390 46 138 0
ExaerIe 4 252 2,540 43 142 0
Example 5 273 3,620 42 140 0
Comparative
Example 1 310 810 38 100 o]
Comparative
Example 2 260 420 38 98 0
Comparative
Example 3 285 580 43 88 0]
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than 0.06:1, on a plastic substrate by reactive sputtering a
cobalt-containing iron alloy target at a substrate temperature
of less than 240°C in a mixed gas atmosphere containing oxygen
and a rare gas; and

oxidizing the obtained cocbalt-containing magnetite thin
film in a plasma-activated oxygen atmosphere containing a rare
gas at a substrate temperature of less than 240°C, thereby
converting the cobalt-containing magnetite thin film into a

cobalt-containing maghemite thin film.



