; tuvwe3de<6T2 2 J U L 2002 MAGNETI C RECORDI NG MEDI UM AND PROCESS FOR
PRODUCI NG THE SAME BACKGROUND OF THE | NVENTI ON: The present inventioh? JuL 2000
relates to a nagnetic recordi ng nmedi um and a process for producing the
magneti c recording medium and nore particularly, to a nagnetic recording

medi um sui tably applicable to existent magnetic recordi ng syst

ring-type magnetic head and capabl e o? using a plastic substrimmwmﬂmmmmumm
provi di ng131 gRgRetE RERFdoRg nedi um for highdensity recording. Sigled« More
particularfy, the present Tnvention relates to a magnetic recordi ng nedi um
having an excghp ﬁfl@tﬁé@éﬂmﬁﬁ gSRandeRt »Rbcebanas BRopgsaRge of time, a
hi gher coercive orce an er saturation nmagnetization, exhibiting a

| ower noi se ap ge out put |n a high frequency range, and being free

fromthe dIStOFFIOH I'n reproduction waveform and a process for producing
such a magnetic recording nmediumin industrially and econom cally

advantag;g%%GgggﬁﬁrOFpﬂﬂfgﬁﬁgﬁTyﬁg i n magneti c recordi ng apparat uses
such as SC drrve ere has been a remarkable tendency that
i nformation d%ﬁkcﬁfgﬁéz?éyl%%1HﬁePeial‘ceefseft%r aaxlhggrmﬂ' a&HEbf&fkf“d required

to have a high re Ity. In association with Such a recent tendency, in

order 10 AfALnLEA 2 LAIARLIRICHEYadA, (HOCLENAS DegRoAg;AdICT easi N

dermand for providing ghetic recor I ng medi a on rnatlon can be

2.2 JUL 300%.5 SLORCHL th.A alob. densid vy nblnE retc%rtayhé hdateh

requi rements, the na netic recor medi a have been strongly required to

have an eg{ﬁedabaqg}t ﬁééﬂlté/ eongﬁﬁeegx%tmﬁne%ergscagm @Sé?%exﬁg time and a

coercive force as as possible and a saturation nagnetization as high

as possi hl&nAs g@ﬂ&%yﬁe rx%@fe@hﬂ@h@@@'eﬁad@‘éb@ﬁl@ chf 9;@19995%1/%61@ ce and a
hi gh saturation magnetization, there have been w dely known those

CO”DFIS'rELB%ﬁ%%QétEé%epéﬁvlaidaﬁgnﬁéaﬁeéiu'%éEbEHlﬁ@ﬁﬂﬁﬂuﬂnfBPehﬁﬂbStrate
The magnetic thin filns which have been already put into practice, are

gener al | Ya&s{A38 keedr&M®. oxkdel thbre fiddrs cGoappsedref pragheni te, etc.
(refer to "Technical Report of Electronic Tel ecommunication Institute”,

publ i shedihyerfelieet Fenited &l ©GOMAYALERE | st drashipt Hé@iun( F881hgMR81-20) pp. 5
to 12)) and alloy thin filns conposed of Co-Cr alloy or the like.

excellent stability independent of change in passage of time,

a higher coercive force and a higher saturation magnetization,
exhibiting a lower noise and a large ocutput 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
assoclation with such a recent tendency, in order to deal with
a large capacity data, there has been an increasing demand for

providing magnetic recording media on which information can be
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The magnetic oxide thin filnms conposed of maghemte are excellent in

oxi dati on resistance or corrosion resistance because maghemte is irpmJULZWZ
oxi de. Therefore, the magnetic oxide thin filns conposed of naghem te can
show an excellent stability independent of change in passage of tinme, and

| ess change in magnetic properties wth,passage of tine. However, the
coercive force of the nmagnetic oxide thin filnms conposed of rnaghemte is

as | ow as ggoggatwg§8g§}%%§ §52s§99.the saturation magneti zation thereof is

as | ow as at nost ~ 2002 3 ernu/cnB. Whereas the alloy thin
films have a coefci rc . hi : a 0 Ge) and a
saturaticn rragng{‘i J%%‘?el%%oaguﬁ?égi g%%ﬁo%%éggaé%%]’c W&%\%@%E?p nmet Zi|
mat eri al s thensel ves hy th%_aléo¥ntr%glfiln§ete9qy§qxp§lr%adily oxi di zes,
so t hat théeggﬁé??gtﬂﬁlﬁhébgﬁd Rt ot éﬁ%ﬁﬁé |ﬁuﬁﬁssage 61 St fie i s
deteriorated. order_.t.q .prevent magneti operties of these alloy thin
(11 £ 1 onFBERh=b Sy AP T e P UBEPB L™ THE S2HFT SEeCmSt ¢ he
alloy thin films have, been coated with a protective. fil e.g., a carbon
fil nyhavin&ngs5aF?§I%ﬁYQN€§5ﬁ55§50?1%ﬁxﬁﬁ ﬂ%ﬁﬁlggeaﬁﬁﬁna fg%u£§g¥ﬂ%ever, in
such a case, a mhole.thicknesE of the resultant magnetic recordi ng nmedi um
n

becomes i nEPEREEHZBY Phé T MieRnBEsPRTSYHE carbon film the | oss due to the
magneti c spaci ng (distance between a neti ¢ head and a nmagnetjc recording
"ger) | becomes Ha GRA G TR Y D SEUAEE b1t G Ll e e

magnetic rec mediumta be a ied to hi record

r di I -densi t Lng. In
o oquencend & Rea e tiad o naBRet Pt it o LRRES doare Hrens B e ¥ang
saturati on_nagnetj zati on of, t.he abovenenti oned nmagnetic oxj de in filns
RO L R R R R St AR
corrosion resistance_and stability independent of change in passage of
time, by ifCFEEr 8Fi hgS BB T35f the like into the maghemite thin film The

reghem e |10 CEETBAGo Al L0 SOBE 4, 6 v have RE A ealdy Bt o
o1 9081915 a0 $2903UUA0Y, STEETOMSS e UL shed fy lapen Carar s
nere have g, gt speiag aveloned, oo galeopetpend sulgt menet €
dermanet | e5on,3hoEert eag LIS sce apGLiged Lot leglagetion
p o nant x AeLegkode! e ieylenceth on Rl kil Uigsunlage of @
Japanese el hoakical gy Lai-coce (G bo 0701900, T, (1

hi gher the cagrcive force thereof becones. However, with the increase in
the cobalt content, the stability independent of change in passage of tine

of the magnetic maohgghteid hindd kiBnt enthd &R cdetiest orahrdiby adverse

i nfl uences of heat or the like. In the case whéeére infornmation recorded on

the above rapdiared PArpRIGHCIHAIrRRINghES it |dBErbsibLAL HWaHEENY an
exi stent magnetic recording system equi pped with a ring-type magnetic head

whi ch have heemseUnagRthYt&XiL£NSonebyi dsed ThkkeEerd S GaRUSREnEPE- di stortion
of isolated reproduced waveform (i.e.) an isolated reproduced pul se shape

of so-cal | egkidl puiset) ImEoFogtised 8&SAAghdhi teS CAACERERA 3 tekceNNEL a

specific signal processing. In order to avoid conducting the specific

si gnal 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, and the

saturation magnetization thereof is as low as at most 240



2 7 J UL 2002 s processing, a single-pole magnetic head used in a

per pendi cul ar magnetic recordi ng system nmay be used appropriately. F@Qeﬂﬁpmm
t he perpendi cul ar magnetic recordi ng system has not been extensively use

yet and the single-pole nmagnetic head is still very expensive. Thus, at the
present time, there has been a strong demand for providing magnetic
recordi ng nmedia for high-density recording which are suitable for use in
current maghgtdr@.recordi ng systens equi pped with a ring-type magnetic head.
For this reason) various kinds of magnetic recording nedia as nentioned
above have beenrextgnsi ved yaldewelapads i Andngdehaemobhei vadgieicecagxi de thin
films conposed of maghem te having excell ent oxidation resistance and

corrosi on ygal stanee have besn Lonsi deved ¢ hegmastapsaittlon so that it
have been nore strongly demanded to inprove properties of these nagnetic

id hin fil ) f hem t e. | b , th
Cobal t - oMt g NREReRT CEThi AEFRE AV BUER St ORBTf ehfrTed hot o

y fequired not only

to show a high .caoercive force .and.a high sat.urat.i.on etization, but also
to exhibit™ tgﬁrel Sngkgﬁsﬁﬁ‘éesa llna%é’g 8%?%&8?1?? gtl%imﬁhg?‘?@qioeﬁb@y regi on and
to be free fr the di.stortion.of isolated, repraduced vef Meanwhi | e,

t he cobajtz%%ﬁt | P lﬁﬁﬁhéﬁ??ﬁ“%iF%Fhigg%%%hbbfﬂgﬁggﬂg%%tégggbgPPSte by a
sputtering, method or %hﬁ.like.cg'e prodgction process generally requires a
t enper at ure® FEFFAGE 85 hote I s SSHAACAR0TT 3D0C. As a result, there arises
2 2J UL 2002 a grﬁobLemteh\get tonlaéngltlijgi nuomedits:,L(:e%, gltnésnumﬁlol oy discs
or the Iike whith %8 wPntand a™ rrperat‘?fr:ep s i gﬁ as fiot Tes¥ t han
300C, are usable.in the ocess, .The ntional .prod i.0n _processes in
whi ch the EEibe At G 8L RRRe Aetrat o abs S i Fote S TEd FRave such

2 Drobl em L Naledds Becasa il I GUs 49,07 pdue s cagbaktsontal ni ng

maghem t e THTMGT idustria econom ca As

conventi onal nethods f.or producin c | t, containin hemte thin
otec{?%e fl?T) é. %%g%n 9? m haé}n hgggg%yg?

film ther® AFre Known Bt Ho Sputterin n loy target in a

m xed gas af (msp %fC%EB8§eﬁ?é;f%oara%%ﬂta990OA‘YQ%%wEQeI‘Pr‘H Guch

cobal t-contarning hematite t I I'mon a substrate, reducing t e hematite

thin filmEDe@, Y ARRNEN ALERSPACIS: Ah,ch LEOPELA! UG8, 01 Sl A% 230 to 320C

so as to transformithe hematite t minto a cobalt-contain

magnetite Lo, iddBon@Rd ihBea 04 qiZichg the-phial ngd gabal i &oriaini ng
magnetite thin filmat a tenperature of 290 to 330C, (2) a nethod of

sputteringcglnssLdnpgRethtensO@idispAdceabaldi AsR et BEgled G fOorma
cobal t-contai ning magnetite thin filmon a substrate, and then oxidi zi ng

the obt ai ngdy£obad thde@Nbalnh ngadBanet ide ot Rk Ry fidya.at rachraperaigy e as high
as not less than 320C, (3) a nethod of form ng a cobalt-containing

magheni t e Bk £iddndi Beebhye 08nde VDS _heqbYKiecomRshagné: dapor of netal
chel ate, nmetal carbonyl or ferrocenes containing iron and MX (wherein M

recording medium to be applied to high-density recording.

In consequence, it has been attempted to enhance the
coercive force and saturation magnetization of the above-
mentioned magnetic oxide thin films composed of maghemite
which are excellent in oxidation resistance, corrosion
resistance and stability independent of change in passage of
time, by incorporating cobalt or the like into the maghemite
thin film. The maghemite thin films containing cobalt, etc.,

have been already put into practice (Japanese Patent



represents at | east one el enent selected fromthe group Z 2 J UL 2002 7
consisting of Co, Cu, Rh, Ru, Gs, Ti, U and Nb, andmeOltoO]Q)’],JBtlnmU'l
an oxygen gas in a pressure-reduced plasna whi ch is highly-densified by
applying a magnetic field thereto (Japanese Patent Application Laid-Open
(KOKAI') No. 378114(1991)); or the like.,At the present tine) as magnetic
recording media for high-density recording which are suitable for use in

current Taget i cs LRGN dydoRYSURIE. USINGed 14710 LIRE sUBIHSE | Bdagad, there
have been demanded magnetic recording media having an excel | ent Stability

| ndependent, -gk,Ghange. ﬂu’?;l&@ﬁ% gkﬁ‘){ojaé}anm%er%ni‘éélhln%%rt E}ée(Ié’Je“oe 9gd a high

saturation nagnet|zat|on | ower noi se and a arge output in a

hi gh frequ cyyLegf o in e f.r. th n i_S

reproducedggave?or%)lgﬁd gu??hé%“ﬁfgh = %gz génan§955%% 6?% uch?%ese
magnetic recordin i ndust |aII nd scono advant t.ageous
manner vi t RGP FRRrE ey evREtEnd aps For d HEtraRletnt B A ever

th h ded t t di f
a1 of 't he TANB0C TR [ doP RO r S %frﬁa%té%rnﬁé‘n’%r‘?ﬂ' i R B ining
h te thin til ti.ll tisf t 4
R e e e et
bt ai hi_gh f t t.h 2 000 t
necessary 4% ACEPRbI Rt SR PREPGE IbR OF CBBLGe (Hererh o L d
h t h th fil t t t t
T magnet; SFOpERE EEPR ¢ @'OSESSaéﬁr”e‘éo%lnah?%%@m S Py Sd§2L se
fl f heat t K th th bal t t
thin i1 m dﬁg&ggiogféﬁ%ﬁ%ﬁlhﬁwh GUTBEEn® Oﬁ?%??%ctog‘%al T o 15 not
| ar ger forrhk% itgérecqubEQKUﬁaqdegp%BQF? fﬁﬁ¥ hga onventlona
e con

perpendlcular nagne N COMPOS of ‘o alnlng dﬁenlte have a

probl em congerningedl 51 8vid: 08,06 b3gl alRaeProduser uauat ooy Ther ef ore,

t he perpen Pis~ canno ied to current nagnetic

recording syste Uﬁé”&o@a c}!-’&%nké{?ﬁlﬁ@‘%%tﬂeﬁﬂ?saémﬂ% ihhg, apRy &;JRnt i oned
nmet hods (1) and (2)

the cobalt content, the higher the coercive force thereof
becomes. However, with the increase in the cobalt content,
the stability independent of change in passage of time of the
magnetic maghemite thin films tend to be deteriorated by
adverse influences of heat or the like.

In the case where information recorded on the above-
mentioned perpendicular magnetic films is read out using an
existent magnetic recording system equipped with a ring-type
magnetic head which have been currently extensively used,
there is caused the distortion of isolated reproduced waveform
{i.e., an isolated reproduced pulse shape of so-called "di-
pulse"). For this reason, it 1s necessary to conduct a
specific signal processing.

In order to avoid conducting the specific signal



cobal t-contai ning maghemite thin filn) since these nmethods require a
tenperature as high as not |ess than 290C) a material usable for theZ?JULZ%Z
substrate is restricted. Therefore, these conventional nethods are
industrially and econom cal |l y di sadvant ageous. In the above-nentioned

met hod (3) of producing a cobalt containing maghemite thin filn) since the
maghem te thin filmcan be fornmed on a substrate maintained at a

t enper at urkE eSS as? abBitl SEC! ot Fagreckh sedusedd stibst rat es conposed of a
plastic material having a | ow heat resistance) such as pol yesters,

pol yst yr ereenransiivhar atagnefoloy ARFaeding MFE e Rey PRVISAS | the coercive
force val ue of the obtained magnetic recording nedia is about 1,700 Ce at
nost. As @preswirtiatcklyhe Howevent thwarrpesdicuimestemiaidcesecorditas been
found that by form ng a nickel oxide underlayer on a 2 7J Ul 2002 9

pl asti c subsiteat dabynat rieast ieaxtespivekby i yurpdrekehodnd f Orengigigtleepole

cobal t-containing magnetite thin filmon the nickel oxide underlayer by
reacti ve smartegriicneadciobadtildoneanexgensior.all oy target at a substrate
tenperature of less than 240C in a m xed gas at nosphere contai ni ng oxygen
and a rare gas;Thand exi theimeddne obhai netemwobakt beentaistimgandgnetdte thin
filmin a plasna-activated oxygen atnosphere containing a rare gas at a
substrat e fenmeratidiegohadmssid haeo2d0(y ndrbreelfpr chngerddnsg tivhe

cobal t-containing magnetite thin filminto a cobalt-containing mghemte
thin fil mrecomgmet wbickcareling tepdeufrnhish lins coapeht enagnettaei ng a hi gh
coercive force even when the cobalt content is as |ow as possible) exhibits
an excel | enecatdlyid istgtemslepmnigesd of thhanged-typassageewfc thiemd, a hi gher
coercive force, a higher saturation nagnetization even when the cobalt
content isFeas floie asapossi viwiows kandr obimsrmtdcarkarydirmumedtiai asa hi gh
frequency region, and is free fromthe distortion of isolated reproduction
wavef or m wmemt ey edgvedhave ibrius exrtansveku deveponiteal Mnoadviemgeous
manner without limtation to a material for the substrate thereof. The
present inVeathanatds buede athal fddmencerectrsiod sprobeRife dwivigs SUMVARY OF
THE INVENTION It is an object of the present invention to provide a
magneti c recerHl st redrakt Wi €35 iSSPy PR F Witds lanc 5pal $ Edca Ay Ag

maghem te thin filmcapable of having an_excell ent .
been considered to be most usSeful, so that it have been more

strongly demanded to improve properties of these magnetic
oxide thin films composed of maghemite.
That is, as described above, the cobalt-containing

maghemite thin films have been strongly required not only to

show & high coercive force and a high saturation magnetization,
but also to exhibit a less noise and a large output in a high
frequency region and to be free from the distortion of
isolated reproduced waveform.

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 2J UL 2002 to stability independent of change in passage of tine, a

hi gher coercive force and a higher saturation magnetization even whegm yine100l
cobalt content is as |ow as possible, exhibiting a | onwer noise and a | arge
output in a high frequency region, and being free fromthe distortion of

i sol ated reproducti on waveform and whgch can be produced in industrially
and econom cal |y advant ageous manner without limtation to a material for

t he subst mapeocbhemedfat Tmlacadmpingh disesai abymimuma aflilpgt daspeetr of t he
present invention) there is provided a magnetic recordi ng nedi um

conpri Si nghealpkasvhicls ubsi wdthstandi<kempexaterairdehligiess frostadsen t he
substrate; and a cobalt-containing maghemte thin filmfornmed on the nickel
oxi de undemragyenpeconi@d nisupleobal thatpmceskar ratio of cobalt to iron of
0.01:1to 0.1:1, and having either a spacing of a plane (311) of not nore
than 2.5100 a spactsgvéitdrRllapecfa)orofproatse®s eirt hvicl. 41 or a spacing
of a plane (220) of not nore than 2.950k a ratio value of an X-ray

di ffracti acfenprirbetie Pgaknidt enrshby Déseidragr 300 cthies plegnesed 3Have 1222) and
(220) of said cobalt-containing maghemite thin filmto an X-ray diffraction
pattern pealeH Bt ersbl¥mofhdthe tphabené40D)s fikaer eofo haicamceoeet han 0.5. In a
second aspect of the present invention, there is provided a process for
produci ng @ymanebheal 800F didtheedeuUm In i indlisgr 2001 khdaconpri sing:
form ng a nickel oxide underlayer on a plastic substrate by a reactive
sputteri nged®idands1fior ataput hereebal t - cont ai ni ng nagnetite thin filmon the
ni ckel oxi de underl ayer by reactive sputtering a cobalt containing iron

al l oy target atasacsubshthdeal edqr@pdsufer drddessng hen: 240E1kR a m xed gas

at nosphere cont ai ni ng oxygen and a rare gas; and oxidi zing the obtained
cobal t - cont@ivding nagaehenetd hhinf ELhm] ncleer asgakaoin vidl)ed oxyigeh

at nosphere containing a rare gas at a substrate tenperature of |ess than
240C) t herebysmomeerihpngnt he-Goldllbycoateeniimgamaimed idees @inpsphdxm into a
cobal t-contai ni ng maghemite thin film BRI EF DESCRI PTI ON OF THE DRAW NGS

composed of argon and oxygen to form a cobalt-containing
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 £f£ilm 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 film 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 film directly on
a substrate by decomposing a vapor of metal chelate, metal

carbonyl or ferrocenes containing iron and Mx (wherein M

represents at least one element selected from the group



Fig. 1 shows an isol ated reproduced waveform generated when a | kFRPI si gnal
is recorded on a magnetic recordi ng nmedi um obtained in Exanple 2; 22 ﬁ][glﬂ[ll
2 shows an isol ated reproduced wavef orm generated when a | KFRPI si ghial
recorded on a magnetic recordi ng nmedi um obt ai ned in Conparative Exanple 3.
DETAI LED DESCRI PTI ON OF THE | NVENTION #irst, the magnetic recordi ng medi um
according to the present invention is described. The nmagnetic recording

medi um accerdi Bg; £9 éf‘etopr@§enﬁh Ri,~osl, ®il 2002 4B, 1 aventij@nocenprises a
plastic substrate, a nickel oxide underlayer formed on the substrate and a

cobal t - Co%a'onwg é‘i?@h%{“o&%gEH' §a§ 4 r{naf BF:@EQuPélzte@%c@bcﬁf‘alsn@“wﬂ?ch

under | ayer. Exanples of théresins may include so-called heat resistant
I
(oSt ns Sudh soolvhldonl PRl YA Lanes. RRLYAM atesa poluphenyiene
PVP pol t EN), | yet hyl
gerepﬁ?hrgﬁgi%ﬁﬁgg y%%%3$§?ﬁa?é¥§L§¥I%ﬂ%'ngg ng%g?nﬁgp?%duggdygy éueggnt

Corp.) pol ) et r af uo pol yet hyl ene trifluoride chloride,
polystyregéﬁﬁq h§9f¥tlé{ Ih'lép(% y%arbonates (PC or the like. Meanwhile, the

cxaple, acoor Bing{ & SOHI D b16: R Ckel OxIa6 Uhdbr aycr of the
hickness 5 Lgua?ﬁd%outﬁéﬁgﬂ%ﬁ%%m R Yo BT 0% 6 0.3
um more BEefecabl ¥e0,05.1p 0.24- P - Wen Ligs ! ekasss (ol Uhe nder | ayer

is less tha nes d 't to ain al med rragnetic

recording ﬁf‘e‘l]e E]ab%vﬁggnad -9k ﬁé)&{ecdl\éeﬁ%gég&:gaé)’r?%eh@%eﬂ%\g&ﬁI nd, when

t he thickness o e underlayer is hore e size of

cobal t - conj,aidthat MBS i RALLLEAGSCUMN Bhantk ik LAgsaBgnet i khin film

formed on the nickel oxide underlayer becones Targe, at the noise from

the resul tanf; JiRERELELvE BCH A aadns%qn ts%req_%a{pozb%gﬂ@w@a?@ﬁn 2 7 JUL
2002 13 It is preferred that the nick oxi de under| ayer of the nmagneti c

recordi ng dypdidimiagCcor dbyndk trfaltseeaﬂa%selratrgtenwﬂ% 1on-pe hege oriented in the
pl ane (200) parallel with the surface of the substrate, nmore preferably not

oriented atrafdenich £bgidhansd p3iRE iree WHeR the PlARRt(or09r) is oriented
to a large extent, there is caused a tendency that the plane (400) cf the

isolated reproduced waveform, and further it has been demanded
to produce these magnetic recording media in industrially and
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 reguirements.

The conventional Co-containing maghemite thin films are
still unsatisfactory in magnetic 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.
However, in such a case, the Co-containing maghemite thin film

tends to be deteriorated in magnetic properties with passage



cobal t-contai ning maghemte thin filmis grown and the dipulse ratio is

i ncreased. Therefore) in the consideration of the di-pulse ratio, ?ZJU%%NE
value of an X-ray diffraction peak intensity of plane (111) to that*of

pl ane (200) is preferably nore than 0.5, nore preferably not |ess than 1.0.
The cobal t-contai ning maghemite thin figd mhas a thickness of usually 0.005
to 1.0 dun, preferably 0.006 to 0.5 um nore preferably 0.007 to 0.3 dun.
When t he tdii ckimes $yotdvbese abal lveorkai nf ngeamghemhkelikhen filmis | ess than
0.005 dun) it is difficult to obtain a magnetic recordi ng nmedi um conpri sing
a cobal t - cont aimint@etragbeal ¢ dodli-kohithtm bay inegphemitghteberfive tharvee. On
the ot her hand, when the thickness of the cobalt containing maghemte thin

filmis myetdiarnl BatMhé todpud fifi BULgh Of Ao YeaPametd zect he
obt ai ned cobaltcontalnlng maghemite thin filmup to a deep portion thereof

when signal s fecardedathel8onedohergly failing to obtain good recording
and reproduction characteristics. In the present invention, the naghemte

is represented d r rpylea £403, optain a slight
amount of Fe2+zgy %r??%f %%6%plgy%h88%g%qft conFQQFeHByC

cobal t - CO%@Q:KE&Q: @.%%”l:&ﬁpéé\écﬂ Jﬂ 'c%bﬁ&r ac&’&‘iﬂa?« 1&@ 8 Hémﬁ?e vEeals
usually 0.01:1 t .1:1, preferably 0.03:1 to O. %ﬁen t he nDIar ratio

is |ess th@fb@léﬂ cﬂonde&naﬁgdaiéﬂ&telfont %fo@Eé‘ié‘céﬁ r}%@@@&h@eaw&b% medi um
havi ng a high coercive force. On the other hand, when the nolar ratio is

nore than ghdrdsoidd, 'Eiedbéib&ﬁﬁicdiéroEhehatEb’E%MMEWchEEQOEé“dﬂ%l&%ﬁ'U”1
havi ng an excellent stability independent of change in passage of time. The

cobal t - cont @i PG IRGReHEL 8c t Ak dbfdi® @?)étEHé t&»ﬂmc%n&%& ?&pé east one
el enent selected fromthe group consisting of M, and Zn in
order to inpLOVE valdsus properties thereof, in such an amount that the
nolar ratio of these elenents to Fe is usually about 0.005:1 to about

0.04:1. Even ind hirke GBR%e-hbRt A& refcheats (of atdae (BHesentroANanii gn can
be obtained simlarly. The cobalt-containing maghenmite thin filmaccording

to the pr eé@mltrw&malmngaﬁaghéme arspachng, ofirxPharge(Redddqsof not nore
than 2.510 A, a spacing of a plane (222) of not nore than 2.415 ~1 or a

spaci ng of raqgp! 29es (ZdPeratunot syt BaNndt 958ss-.t=m bbbscecase, if any one
spacing condition is satisfied, it is not required to satisfy the other two

spaci ng condtéions.usdhar dbi ohe t ibahiere- AENE & ONER tiddl. € eTISRFRE,
condi tions concerning the planes (311), (222] and (220) are not satisfied,
it is not pnpesébtenténtileal nmathadseides 1hE0et di A wwesidue-Bayhigldyhi gh
coercive force. Further, such a nagnetic 2 ~J UL 2002 15 recording
medi um candosaéxdmbidecussuf ficiently [arge output in a high frequency
region. There is a close relationship between the spacing of the pl ane
(311), the pl angn(222)abmvet-henpiansd (2Modand) t b producing a cobalt-
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 nickel oxide underlayer on a



coercive force of the cobalt-containing maghemite thin film In the case
where the nolar ratio of Co to Fe is the sane, there is a tendency t?ztthﬁ
smal | er the spacing) the higher the coercive force beconmes. The spact gJ f 0
the plane (311) is usually not nore than 2.510 .'4, preferably not nore

than 2509 ~1, nore preferably not noregthan 2.506 ~. The lower limt of

the spacing of the plane (311) is preferably 2,490 The spaci ng of the pl ane

(222) is u li%]'s'txcneabgpfﬁ%];bﬁﬂg%ég%é;@? %@R%@M rﬁ?gr%c{@g?o%ﬂ% %1400 ~)

nore preferably not nore t he | ower e spacl ng of

the plane (c%%%)lti—§Rg%&%ﬁ%lnﬁg%e%%?%;r%gj[r;%ﬁimngnoxt.hé%c@%&ngéiigo) s

usual |y not” nore pre not nore than 943 nor e
Bl ane (2201 emRRePE 301 7 906 TRECEBEAIE o RLAL Ry an t nin
G 178t off a0, SPROBEAR” I NEGREL Ly B CBITHA-C6F Phe' Pranber 3110 ¢222) and
(220) planes t.o that of the plane (400). of nore than 0.5. Wen the . ratio
Lherbof 1o Mar e gop o terd Spo artie (FYoED SRl Fore SRRt o
[o00r 0110 Aol L2018 SOt b BN GERSL Lo B A0S FePTAI 10 i1

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, a magnetic recording

medium which is capable of having a high coercive force even

when the cobalt content is as low as possible, exhibits an

excellent stability independent of change in passage of time,

a higher coercive force, a higher saturation magnetization

even when the cobalt content is as low as possible, a lower

noise and a large output in a high fregquency region, and is

free from the distortion of isolated reproduction waveform,

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.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a
magnetic recording medium which is provided with a cobalt-

containing maghemite thin film capable of having an excellent



The magnetic recordi ng nmedi um according to the present invention, has a
saturation magnetization (value of nmagnetization at an applied magnetic
field of 15 kCe) of usually 250 to 400 ernu/cnB, preferably 300 to BsaUL 2001
enu/ cnB, and a coercive force (value of coercive force at an applied
magnetic field of 15 kOe)of usually notpless than 2,200 Ce, preferably not
| ess than 2,400 Ce. In the present invention) especially when the nol ar
rati o of Go-dwiifAeyi $nlePdndentswEh chagpet i gaecandi ag tedi um haghée, coercive
force as high as about 6,900 Ce. Incidentally, the upper Iimt of the
coercive fosge iQfe thecaagnetd G ideer dh fgr AEdrumagacef i fidr evbheesent

i nvention) represents a value neasured at an applied magnetic field of 15
kOe which {5 anippetohigit yalde 10k Lhessnsnalyeknise: imasuLahte by

"vi bration sanple-type nagnetoneter VSM" described hereinafter. In

addi tion, I §,0880%0H.1 diu hRg L 0r L r nieipyention,
exhibits azt“?gscor I ntéa g?oggrégﬁg%pgg/ klrgrls%?g%régiﬁgge?aﬁ%€ not %ﬁgsge%%n 45
dB, nore ppeferahly (et gk 885 ENan A7 4B 2 Fl thefroghbes s8R lisRgndensi ty
when the reéproduced output is one half of a reproduced output obtained at a
recordi ng gdensii y0fcahkBBPL fdldby nevenaat s Ran BeR) ecborbicahgyabl y not

| ess than 130 kFRPI, nore preferably not | ess than 140 kFRPI, anhd the

di - pul se rabi Ot DRIRQS mbfinfr without) 14nh £ 2002 MNeXhacbPeapPreegesgefor
produci ng the magnetic recordi ng medi um according to the present invention,
i's describgdysdhe Jmagpethbe recording nedi um according to the present

i nvention may be produced by form ng a nickel oxide underlayer on a plastic
substrate by a feactd e 13RH! LRL I NGhdTet Rod, £and fQHEIRI.R Cabyreseant ai ni ng
magnetite thin fil mdeposited on the nickel oxide underlayer formed on the
pl astic subsieat £olby tdes@- al hesh sud tenhfse B had el ng £&1:6aNt ai ning iron
alloy as a target while introducing a m xed gas conposed of oxygen and a
rare gas, abflpepsidpl|ing an oxygen flowrate (CCM and a deposition speed
(nmmn) of the cobalt-containing magnetite; and then oxidi zing the

obt ai ned cobal tacsrd=aiii RgrEBgREEite thin filmto transformthe nmagnetite
thin filminto a cobalt-containing nmaghemte thin film In order to obtain
t he ai med nmagnehigidledorosiidg tRdetiavaccdbdingdd 40 HHee sppesemte; rvention, it
is inmportant to control the oxygen flowrate (CCM in the m xed gas
relative to theadefiesitd-icontapetdy (megheamireothimef dobdbtmedndraittieng
magnetite. The oxygen flowrate (CCM in the m xed gas relative to the
deposi ti onnspiedl ¢xnbderiundesflaybe, cobalatindopt adlantg aragnebliée, rdtsovati ed
dependi ng upon various conditions for obtaining the cobalt-containing
magnetite thbaltiton xardicfi g0t he Qo-Cdnflai andghaviow &lilkchyr targetcingor
exanpl e, kind and structure of apparatus used, a total gas pressure, a
substrate tdnperiasmeej3ldn @fenodfmetr thargadt SL0Abea spactiaged ox nlaael i ke.
However, as a result of many experinents conducted, at z 7,1 UL 2002 18
has been rd@3gni eédnethamonehdhen 8. 413 emfeacyraning tdfe a pdaneh2 8Ny gén fl ow
rate (CCM in the mxed gas relative to the deposition speed (nm mn) of

t he cobal t P@EnT8Ffi Hethednfet®® e, the small er the spacing of each of the

pl anes (311), (222) and (220) of the obtai ned cobalt-containing mghemte
thin fil m becomBsTaREe oFalidfylof, 2By X Toht FEERGC v AP RAL GXPePPRENt s to obtain
the oxygen flow rate §CCI\/9 in the mxed gas relative to the deposition
speed (nm AFATERSE LY het BRI Entae iRPSsTaddeti t ef 242 Wireh (R Sfaci ng of
each of planes, (31l l]'): (222), and (220) becones spuller than that of the

bul k, the FEBESFPPBACSIRINE HAENTATRGR ¥l dBhAMD chi3 A AgY magnetite and
the oxygen flow rate can be respectively controlled so as to be smaller
than that o¥ ffFackipr. rattesrd@eakolnrns itys 9éhthe cobug -(@6A1 aterrpt
maghem te thin filmhaving a smaller spacing of plane than that of bulk, in
accor dance bfiify maseekla® ibent s conducted, as described in Exanpl es and
Conpar ati ve Exanpl es herei nafter, when the deposition speed of the

cobal t - cont ai ni A Bagaeend especy. 5fnkieripresettainventkidl.onbeseeionf the

m xed gas is about 10 CCM the oxygen flowrate is usually not nore than
0.35 CCM Pmrsivddell ¢ poecers € orhanodueinC@Vimagoeeipredé@raing mediumr e



than 0.25 CCM The lower Iimt of the oxygen flowrate is usually 0.13 CCM
When the oxygen flowrate is nore than 0.35 CCM it is difficult t%fg\ﬁ@zﬁp.z
such a cobalt-containing naghemte thin filmthat the spacing of eit’h e
pl ane (311), 2 7J UL 2002 19 the plane (222) or the plane (220) is
smal l er than that of bulk. Further, hematite tends to be produced in the
obt ai ned cobalt-containing maghemite thin film so that the saturation
magnet i zat¢ompyad ity :t hereof tends to be reduced. On the other hand, when

t he oxygen flowrate is less than 0.13 CCM netal iron (Fe) or wstite
(Fe0) tends to fhempreducadckel tdhe Rblataetheabald acphiat v ngbeaghesi te thin
film resulting in decrease in coercive force thereof. As the rare gases

used in thg, psesant sihavepht ey idhel2neay be exenplified helium neon.
argon, kxypton) xenon) radon or the like. In the consideration of the

sputtering raterand £CRRAMYob A GUBHLS 1 Bk 8F efAblR 12AD0H; 4 NES& LAr engases.
The cobal t-contai ning magnetite nay be deposited at a substrate tenperature

of usually,legs; tham249Geri B dhercansideratian @k 1hhes heataiesi stance of
plastic materials used for the substrate, the deposition tenperature is

pref erabl ycpotaong tihan 2996y ta¥ferPLefl 8 abbyi Rk FBRSeidtate188C The
lower limt of the deposition tenperature is preferably -196C. The tine

required forsdeposi tinpd hg goRatds GRAL aknbashdmIrehth eni®y R geapresent ed
by the val ue obtained by dividing the thickness of deposited filmby the

deposi ti ongsgegdra g c0bahl- cont ai ni ng nagnetite thin filmis then
oxi di zed into a cobalt-containing nmaghemte thin film At this tinme, it is
i mportant that phesoxirdakhenobta dWlueedtatontaining 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.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an isolated reproduced waveform generated
when a 1kFRPI signal is recorded on a magnetic recording
medium obtained in Example 2; and

Fig. 2 shows an isolated reproduced waveform generated
when a 1kFRPI signal is recorded on a magnetic recording

medium obtained in Comparative Example 3.

TAILED RIPTION OF THE I NTION
First, the magnetic recording medium according to the

present invention is described.

The magnetic recording medium according to the present



a substrate tenperature of less than 240C in a plasnma activated oxygen

at nosphere containing a rare gas. 2 ~~ ,1 Ul 2002 20 As the rretE(}dHRfmm

irradiating the plasna-activated oxygen ions) there may be exenpli ffi‘ed’ a

met hod using an ECR microplasma. In addition, the irradiation condition

i ncl udes an ashi ng node and an etching de. In general, in the ashing

node, an ion beamemtted froma plasma-generating chanber is irradiated

onto a substrate.whil e naintaini gg t he iugjnitzl_g JState. 'I(;Iiegﬁf re, t he ashi ng

mode is suitHI LG8 0OTR ST PaReSTibtl 1R ORCt redt rets t he ot her

hand, in the etcihi n t he i eamemtted fr asna- generating
[

de, t.h
chamber nedt1ogY f‘(¥§ga?§‘5§ﬁ:de O&hé?‘%gslﬁ*ﬁ‘ﬁgﬂf ﬁ@gt?a‘f?m t)'%éng?ﬁ%in he

intensity and_amunt of the iqn beam are increased., Therefore, the etching
nmode is ef f"&,ﬁh%tﬁot]@b‘hd{ﬁt‘“ 5HI@th‘i’Ihg§"ter @&F%@it‘?xﬁ% R r?aﬁ%%’l’ eration
voltage is preferabl)t( -500 to O v, nore p,referablg -300 to -100 V. Wen the
i on accel er at i oF*¢BPtEYe”T FH%eLEStRATEEIFVIENBOTIFR TS Pifhay suffer from
etching, so that the filmthickness becones decrease or uneven. Wen the

i on accel erZRSGTaRs| F8HET SUREY &St Ramy § ,est'hé’ogVﬁ‘é%%Q%&'i vat ed oxygen ion
is not irradi ated because the electron is enmtted In the present

i nvention, FAINPEYIBEER  rREOGHISIR Y SPRat: JGER' a RURELEENEREE the thin
filmremains unrem)ved?( for exanple, the ian accgel eration _vol tage of |ess
than -500 \Ke&Pngsyi(PEEKbxi oY Shvas¥el BRI hFeerPect P Ea®@Ba™6hE hi ned by any

of the irradiation npdes. In aorder to i.ncrease the anpbunt .o | asma

gener at ed, E"fllfaé“ii%ﬁorPﬁHe’iré’liet?@oPBB?%}ﬁ%laaterafrPngasp‘(]ﬁféﬁyé@gﬁe) Ne, Ar,
Ui pose of SEEETAPEEn (BE L @ SACETOICSIIS HE Bonel REIATONPEPSUFRA of f ect
of accel 1oL g L ov g ol e sebRlL-Santsbal g mameLiyg, fel | um
o 50~ ror b Hh By or 145, s T3P 14 P ey STy 5710 60 o When
f Tect vel yoRRiTTaR AMEN (Fhe Torantabe of Chi ieo it Pretiare Lot he
o Scti ved SEEBER SOt REmbP RSt 1bpncn P ke n Bl B 26 P Ogas

flowrate tg, é)X)Qg:%%rtilLR&V fatemspigrg than 90 ~, the anount of oxygen
" ¢ :

requi red for tHe oxidation of the cobalt-containing nagnetite may be

conparativel y re@a@%ﬁ,ck%@ bhake td}%e%ia?é}i% {1RAGRLAD: | @PAS A diRY peri od
of time. The oxidation tenperature 1s I'ess than. 240C. In the consideration

of heat respghanteoddi8gPtastne muhsheatg,and Hr @dychi Vi idmelsBeoexi dation
tenperature is preferably not nore than 200C, nore preferably not nore than

180C. The | gues1ly ridowef ot be eXiLdadton bepReratdiedabsyps ederabloy 3- &R6C. The
i nportant point of the present invention lies in such a fact that in the
case where hbeeCobatdra000t 8l 03 NG NAGhe it e i chiel fhiokird of the ni ckel
oxi de underl ayer forned on the 2 7. J UIl 2002 22 substrate is adjusted
so that eithadetbeyapac negsef tpdmne 013hih), 6Of etommer eithamuix 580 ~, the
spaci ng of plane i222) of not nore than 2.415 A or the spacing of plane
(220) of nobbrate thHwreiteBSHagneEdir hecsatiisgiediivmntiapied ex dhlghern addi ti on
thereto, the ratio value of an X-ray diffraction pattern peak intensity of
ei ther of theeptivesid:REL), 0l 228 cahdr( R264, pitmmesheothihekneafs blietxd ane
(400) is nore than 0.5, the obtained magnetic recordi ng nedi um has an
excel | ent stuabBekléyert nidepemdenhanf0 change tha passade sfizei of,cadbaiitgher
coercive force and a higher saturation magnetization, can exhibit a | ower
noi se and acbaegéndnd mdghemigehpgh: faleguenayaiegd dm cardmagnddire chiam t he
distortion of isolated reproduced waveform

film formed on the nickel oxide underlayer becomes large, so

that the noise from the resultant magnetic recording medium

tends to be increased.



The reason why the nmagnetic recordi ng nmedi um havi ng such excel | ent
properties can be obtained, is considered as follows. That is, due fPJUb@ml
fact that the aimed magnetic recordi ng nedi um cannot be obtai ned in any of
the cases where the cobalt-containing maghenmite thin filmsatisfies the
speci fied spacing and has the specifigd ratio value of an X-ray diffraction
pattern peak intensity but has no nickel oxide underlayer; where the

cobal t - cont ai nicng s"RgREEHE &S tiHat khkMbaRel Mok imieC koo pXd e Widerkayer and
t he specified spacihg of the cobalt-containing maghemite thin filmis

satisfied,ifledihe ﬁegghﬁﬁg%éﬂm aRebyeeny the prak LotensitjLs jbhereof is
not satisfied; and where the cobalt-containing maghemte thin filmhas the
ni ckel oxjde L ndenlayer 2R ddeisRecibhef Sallg hetueenitdie peake

intensities 1s satisfie specified spacing is

t tisf t i : i i h b
artaned By DSy REriTeire Ty e HAREREERy thol R e U e Sver, 't he
£ ed . d 1 i 0 het . e .
the cobal Toaant &g B BT P F A RO e =
ti | f th LNiLng. ' i N di t
ho pr eseRt T RVOntIEgR, Loy on e oo RS S AN At b P amp e e FE8 ged o
t f t.h bal.t - ini : Jte.thin fj [ .
cobal t - coRtA H g nane: BeRrH B et At s B8 HE firhe pi anes
311), (222 d . (.22 is h d ' th . f1 Qw.rat
érodhct§ u% g?ﬁ%£ébg§|?§8%ﬁ %%ﬁingxﬁ%gﬁ%%ggé' %P%X¥$$%%éﬁ§%g1%§ ?%?gopact)
it b ' . th [ {,S 4t d by th
i 1 o encibd rePTeri “atsshornt A0dR Pat b BeR LR Ve ek EAERC 2 the
i ckel . It - o hem i fid
okl OpEB MELIAKY 0 AL, cobalt veoRbal PG amANTbLF L 1 F1 1 m upon
cobal t - cogl ak 0} g Mch8nt B9, flddD lseLtapiipe,dieasay the magnetic
recordi ng medi um according to the presént rnvention is free fromthe
di i f sl f O LS i.deced fal | . Th
| stortion of 40l aher LeRrogueat, YRt Laipansidesed; as, fakiaes. That

is, since the co -contal ni ng ghemte thin as the speci ratio

between t pe H?@é(ljfymcﬁrb%ist @Sy b Ngn V&I (el 89PNt Ob . FRGREL{AAL | on can

be reduced by inclining <100> axi s as nagnetic easy axis of the

COba't'CogEéEQ£QBhF&ﬂQQW'E% bhi Ny 1 | eERopm e henvahkkcabs diecbafct 0 such
an angl e between the 2 2 JUL 7.002 24 vertical direction and the parall el
di rectionchbathbeidd Inagrsnfiacecndh soiint R neasomhyo e pRi se: fisom the
magneti c recordi ng nedium according to the present invention can be
reduced, igsreoasidet€bsinobl Snetlitatredcsrdife wEihaneembel MaeN s0xXygen
atons of the nickel oxide underlayer is close to the distance between
oxygen at egbadt-tberLobiald meghRtal te nthifpgieh hevDig eobabh- eoataive ng
maghem te, thereby preventing the formation of an initial |ayer which
under goes faeadni fa@ rHey ot Repakind,| ahehz éhanthi@gnRelsi 6fptRPadsdi=es-as
observed when the cobalt-containing maghemite thin filmis directly forned
on an anpepheadsnshdshadgieeni tEheht #asioim Wy niclre okaxat icofurdl, enperat ure can be
reduced to the tenperature as low as |l ess than 240C, is considered as

foll ows. BAdficaltstacmitftemighabinenivaithengbiagmnsd idodatlhi-n fil m of the
present invention cannot be oxidized nerely by heat-treating the filmat a
subst r at e coanpénatgrmeadgfenioaes thhanf PUOQ@p noan dbapspherion ahereds shown in
Conpar ati ve Exanpl es hereinafter, it is considered that the oxidation

t enper at uwbetcasipealeduced doorbedstihdmeapr?4@Gelpyby r faudliixigi ng a@btain

pl asnmaacti vat ed oxygen ions containing a rare gas onto the cobaltcontai ni ng
magnet i t e glaidn recbad i rdd eartgreerbau ¢ eten dirag aaediugt sacording to the present
i nvention can have a higher coercive force and a higher saturation

nmagneti zati on, 16apheXhidddnta inOVRE 160] Sthedidghehdf 61 PWPhbsbht & Hygh
frequency region, is free fromthe 2 2 JUL 292

the general formula of y-Fey03, but may contain a slight

amount of Fe2+,



zs distortion of isolated waveform and can be, therefore, suitably used as
magnetic recording nedia for high-density recording in current nagnet&qULumz
recordi ng systens using a ring type magnetic head. In addition, in the*
magneti c recordi ng nedium according to the present invention, since the
heat-treating tenperature used for oxiﬂ%zing t he cobal t-contai ni ng

magnetite thin Filminto the cobalt-containing maghemte thin film is as

o as | ecs L han 24001 UTLET L8] 5] Qoihe SURBLIAS Eahelsfeaured o

have a heat re tp Ic materrals can erefor,

resulting in_a_good_productivity.and.industrial and econgm.cal advantages.
EXAMPLES fﬁ&npfgggn?gi%J@%%?bﬁa¥§od%§éﬂ?gﬁHF%nlﬁD¥%y%é?h$rOgthgﬁnples and
Conpar ati ve anples, but t Exanpl es_are o illustrative and,

t her ef or e,O'r?OEﬁ'inE’t‘@EﬁEﬂbl% $'ieor?i:11 ?ﬁegs%%ﬁe ogk%/rf"nethrﬁ E9IRE FAVEAL DN, (1)
The oxi dation of the cobalt;cqntalninqﬁga netite,thin film,into the

cobal t - cont&isithg miakent t ekt RiSn Ot FF hrives PeCEFAFRed TRF§H<Er vi ng change in
surface resistivity of .the thin filmwhich is one of indices thereof. That
is, the sHIAEEIPESIEEIV thAGFY% Reltdbaf IS CINEar AT 7Y mEGnERRLREAFH n film
was in the range of 0.00l to 0.5 Ms5Z, while the surface resistiyity of the
cobal t - corftaithi HgeRagRenTe % Ktk 1P Fin RIS rdieded -t bm it ¢ PodEiMBand

vari ed 2 2 JUL 2002 26 , , ) .
to obtain a magnetic recording medium having an excellent

stability independent cf change in passage of time.

The cobalt-containing maghemite thin film may further
contaln at least one element selected from the group
consisting of Mn, Ni, Cu, Ti and Zn in order to improve
various properties thereof, in such an amount that the molar
ratio of these elements to Fe is usually about 0.005:1 to
about 0.04:1. Even in this case, the aimed effects of the
present invention can be obtained similarly.

The cobalt-containing maghemite thin film according to
the present invention has either a spacing of a plane (311) of
not more than 2.510 A, a spacing of a plane (222) of not more
than 2.415 A or a spacing of a plane (220) of not more than
2.950 A.

In this case, if any one spacing condition is 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



t hereover. The surface resistivity was neasured by an Insul ation Tester

DM 1527 (manufactured by Sanwa Denki Keiki Co.) Ltd.) by setting the jut 2001
di stance between two probes to 10 nm (2) The maanetostatic properties such
as coercive force and saturation nmagnetization of the magnetic recording
medi um are expressed by val ues neasured by "Vibration Sanpl e Magnet onet er
VSM' (manufactured by TOEI KOGYO CO., Ilﬁ'D.). (3) The X-ray diffraction
patterns of the thin filmnms are neasured by "X-Ray Diffractonmeter AAD- || A"

(manuf act UFREPHA DA BERRUMPERKINSOSXNEPDPL ) & sthd e S8GAY ntPEHh AHP8RsIBf t he
X-ray diffraction patterns are as follow |anp used: Fe; lanp voltage: 40
kV: 1anmp curtent freguancy se@ptd™g wi dt h of gonioneter: 0.010; scanni ng
speed: 1.000/mn; light-emtting (divergent) slit: 1, scattering slit: 1,
| i ght - recei vi nghsiriet 2502301 p88 rFHé thegEbip dertetsieng the dsPdqiatd iddnthfgl e (28)
of 30.00 to 60.00 was neasured under the above-nentioned conditions. (4)
The recor dvhaperGddnti ebesntanasi 22@)sey keprodumeed 280t pard orhedi - pUl se of
the magnetic recording nmediumare evaluated as follows. That is, after a
magneti c fédemraase floreedobnthdecchadstcanbaiming waghensteurtiacdidfm-t he
magnetic filmwas coated with a perfl uoRopol yether-based | ubricant "FOVHLIN
Z DOL" (trabDetlaecass vderedthy WUSKMINTiR, 0K o ten FRIGLAckRE fsimeVCR
there is a tendency that the smaller the spacing, the higher
the coercive force becomes.
The spacing of the plane (311) is usually not more than
2.510 A, preferably not more than 2.509 A, more preferably not
more than 2.506 A. The lower limit of the spacing of the
plane (311) is preferably 2.490 A,
The spacing of the plane (222) is usually not more than
2.415 A, preferably not more than 2.400 A, more preferably not
more than 2.398 A. The lower limit of the spacing of the
plane (222) is preferably 2.385 A.
The spacing of the plane (220) is usually not more than
2.950 A, preferably not more than 2.943 A, more preferably not
more than 2.940 A. The lower limit of the spacing of the
plane (220) is preferably 2.920 A.
The cobalt-containing maghemite thin according to the present

invention has the ratio value of an X-ray diffraction pattern

peak intensity of either of the planes (311), (222) and (220)
planes to that of the plane (400) of more than 0.5. When the
ratio thereof is not less than 0.5, it is difficult to obtain

the magnetic recording medium suitable for high-density



2 2J UL 2002 27 having a gap length of about 0.2 ~mand a track w dth of
21 ~.un was run on the obtained magnetic recording nmedium while contggtjypanm
therewith. The respective recording properties were eval uated by using
"Recordi ng and Reproduction Tester MB4V' (manufactured by FUJI TSU

AUTOVATI ON CO., LTD.). Specifically, thlc?i noi se value (Nrns) was anal yzed by
"Spectrum Anal yzer TR4171" | manufactuxed by ADVANTEST CO., LTD.) at a

vel ocity o T I 0. QUL Sp- dj. - e.ralio were

anal yzed b)%eﬁ&?glﬂ{‘?olsncrolglgr\%gggﬁ%?&(l%uan%? ggé%&e? yﬁ?%ﬁmﬁ&%‘%% (Eé% LTD.) at
a velocity of 3.0 ms. The.reproduced output is expressed, for exanple, by
the sum of "tR& I\‘/‘aa?rlﬁ%tsm';eagnd "b" as shown in Fig. 2, and the dipulse ratio

is expressed by _the ratio of the.value "a" to the value 'b" as shown in

t
Fig. 2. Exanpl T4S TR 16 KGR 31 BHAENLY s Ot ot g CAppat A8 250H T06
(manuf actured by, Nl PPON VACUUM CQ_L LTD. ), .a_ nhetal %l}h% target was
react i on-sffﬁf’f"8¥éﬂnb)}“azfdjau§fiitH5a% N Negrel BRI VA1E5I §F ni de substrate
and the target to 80 mm_at a substrate temperature o1f1:1 Ogi a m xed gas
at mospher 6 TEERBbLEHC T HaR ARAL B JERTREL n' RYLEN FPORTAIE of 0. 18 GOM

under an oxygen_partial pressure of 0.1S miorr _and a total pressure of 9
mrorr, treleBdldEpdat tihd08n SNAEFTTy & SRPHRPIY AORabPngth THI/CRnesddf 100
nm as an under| ayer on the pol yam de ~ 2 J UL 2002 28 substrate at a
deposi t i on3speegcave AL o (FrAle Rf £Fausive §pr¢hetnmdasaPehEit of X-ray
diffraction pattern thereof, the obtained NNO filmshowed a ratio val ue of
a diffract "eanpsaR firkhsif yookOehet gisaird lw11y is5st kBERof 24 9 -ane (200)
of 1. Further) a cobalt-containing iron alloy target (Fe containing Co of 4
W% was spieferaalyvmathe sist shaede MY G- mHt thesBEeEeRE S VERbéPRt ure of
200C in a m xed gas atnosphere conposed of argon and oxygen at an oxygen
flow rate GFPEC2FLEOWRETIEN Aoy gedt 1Farfi 5P 17 eres&rseOo&O?Qf‘-}‘Fﬂ“orr and a
total pressure of 9 niory, thereby depositing.a c baltcon%ai ni ng magnetite
thin f11m RRPPREE TPT MERSSH haA dnEOORE W G cOBalteAR S ol ar
ratio of Co. to Fg gé 0.04:1, on the NNO filmfornmed on the polyimde
substrate &°°%td8pdeftY%n seed of 4.0 nm nmin. The obtai ned

CObalt_Contalnlqgcggggggiffé1%%%nu££é£nf¥%%taof the coercive force of

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"

described hereinafter.

In addition, the magnetic recording medium according to
the present invention, exhibits a recording property
(8p-p/Nyms) of preferably not less than 45 dB, more preferably
not less than 47 dB. Further, the recording density when the
reproduced output is one half of a reproduced output obtained
at a recording density of 1kFRPI (flux reversals per inch), is
preferably not less than 130 XFRPI, more preferably not less

than 140 kFRPI, and the di-pulse ratio thereof is 0.



surface resistivity of 0.07 M32. Incidentally) the electric power applied
was 300 W The obtained two-|ayered film conposed of the Ni0 film and % H& 2001
cobal t-containing magnetite thin filmwas oxidized by irradiating with

pl asma- acti vat ed oxygen ions under a total gas pressure of 3 x 10-4 Torr in
an oxygen at nosphere contai ni ng heliun1§2ercentage of heliumgas flow rate
to oxygen flow rate: 50 ~) at a substra tenperature of 150C) at a

m crowave power .of 100, W_at i | i e - for 5
seconds by usina%%ﬁ’E?88t$%§F r%ﬂﬁ% r%%gﬁgggﬁéﬁ%% %E%§§€¥§§%TF%§9§ ower

apparatus "El S-200ER" ..2 2 J | 2002 29. (manuf actured by .ELLLONI X CO.,
LTD.). The’gﬁJéphéﬁcfﬁgﬁn?iT?nééﬁjggegﬁ? a%éy?ékﬁogfigftég%)rqﬁgdwsz, and was,

therefore) determ ned to be a cobalt-containin hemte forned or. the
Ni 0 under?ayer. TRE 32gBEhIE TI°YH nﬁe8§§+EWnﬁﬁéﬁ5gE§Sr§§ €h§19F§5FPBn pattern

of the obtajned magnetic_ recordin dium ., diffracti on peaks af the plane
(311) “havi ngRESpat AGYoPe oo SUSi At FHEMHIite "Lo58) FainG a5 baeT g of
2.934 ~, were observed, but no diffraction, peak of the plane (400) was
observed. THe HayREtdsSt SEPET Gheétt ¢ oF2EheY eghet RE1PRCBTHI%y ABHI um was
measured, spo that it mg; determ.ned that the cqg;%héelfgége LQgreof was
2,600 Ce ant®¥ME'%E& TPRA!bnC HagHa T Fal'PER=t het & $1BEERGRIERB ™ The
recordi ng properties of ,tthe obtai ned netic recordi ng, medi. um were
measur ed, ST MECH4L RS CHOTRRT UE Tt AAEMERe S AT RLAS S OLTAATEa (hER a | 00
KFRPI signal was recarded was, 49 dB, and the haIf-voLtgge densiaﬁ D50
(recordi ng Yet193F FPRRECT T SRRIOSE SRRt CRES SAREVFRT 156 2 118¥%r oduced
out put obtained at a re&g din% q§yshty of 1 klg%g was 13 ﬁgRPI. I n
addi tion, t#H® ¥sGHESd% EFOH TP Er Br 8T 1976 TRERBEFE Te&F¥EFRg nedi um
obtained a 1 kFRPI signal was recorded, was observ by the osci |l oscope,
o0 thar it FBS eI ERe PRk CONG U EPoRT GRA Ll ar B o) Bifee
shape corresponding to a_di-pulse rati 0. .as shown_ in.Fig. 1. The
nmagneti c reoP Y wedl ﬁﬁﬁﬁgs?gmﬁ%ﬁgif%d?ﬁSIé?%ﬁgﬁwﬁoﬁéalnlng

magnetite; and then oxidizing the obtained cobalt-containing

magnetite thin film to transform the magnetite thin film into

a cobalt-containing maghemite thin £ilm.

In order to obtain the aimed magnetic recording medium

according to the present invention, it is important to control

the oxygen flow rate (CCM) in the mixed gas relative to the

deposition speed (rnm/min) of the cobalt-containing magnetite.

The oxygen flow rate (CCM) in the mixed gas relative to

the deposition speed (nm/min) of the cobalt-containing

magnetite, is varied depending upon various conditions for

obtaining the cobalt-containing magnetite thin film oxidizing

the Co-containing iron alloy target, for example, kind and

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



2 ZJ UL 7002 30 nedium Exanples 2 to 5 and Conbarative Exanples 1 to 4:
The sane procedure defined in Exanple 1 was conducted except that fdriayi &6l
or non-formation and orientation of the nickel oxide underlayer, Kkind of

the plastic substrate, substrate tenperature, oxygen flow rate and

deposi-ti on speed upon production of t cobal t-contai ni ng magnetite thin
film and substrate tenperature, kind the rare gas, percentage of rare

Phe mmanelErePERr i SMARE e 0AF | BOEL HE Aoy teanic e nadnet e P88ordi ng
1 and 2. | PHOFRANE KPY oo (ErdipiBa i S8 SPH aRsarS: Foc Baanpl es 1 and
addi 1 on) SFREST OP A RETOpFOUIRY fhvaForAror (IR GiBATE . B Eng |
Fodor dec) Vs SBLLTY by RR e Bs ot | FULbde S o TR (6 0hs AT fPfed ¢ hat
e P Pl R oL Nt 8., O 5

t he cobal tcontai ni ng magnetite thin filmwas treated in an atnospheric air

i nst ead ofPSRESHI asnma- activated oxygen atnosphere 2 2 JUt 2002 31
containing the rare . wever, the cobal.t-containingnanetitethinfilm

gas
was not oxidi zBECEREPERGI M¥d CRRINRGITE i VPE LaVE NI PEE PR . 1 2

2 JuL an%hizolgggg glow 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
{(nm/min) of the cobalt-containing magnetite and the oxygen
flow rate can be respectively controlled so as to be smaller
than that of the bulk.

In order to obtain such a cobalt-containing maghemite
thin film having a smaller spacing of plane than that of bulk,
in accordance with the experiments conducted, as described in
Examples and Comparative Examples hereinafter, when the
deposition speed of the cobalt-containing magnetite is 3.5
nm/min and a whole flow rate of the mixed gas is about 10 CCM,
the oxygen flow rate is usually not more than 0.35 CCM,
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 is 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),



Exanpl esSubstrat eNi ckel oxi de under| ayerand Conparative

Exanpl esusedSubstrate tenperature (C) Thickness (nm I (111) | (2001 77 JUL 2002
val ueExanpl e 2PC501508Exanpl e 3PC501001Exanpl e 4Pol yam de501001Exanpl e

5Pol yi m de801001Conpar ati ve Exanpl e 1PC50l 001Conpar ati ve Exanpl e

2Pol yam de501001Conpar ati ve Exanpl e 3PC501000. 03Conpar ati ve Exanpl e

4pol yi m de801501 2 Z ~~L 2002 33 Tabl d9%1 (continued) Lxanples

andProducti on of cobalt-containi ng. magnetiteConparativethin
fil mBubst r attéexpgene (222) or the plane (220) is smaller than that of

f | owDeposi ti onExanpl est enper at ur er at eSpeed( C) ( (nm m n) Exanpl e 280

JO. 233. 5SExafmpilé - 3800 633, IERakpie 450, 82532 pé in the obtained

52000. 154. 5Conpar at i ve800. 363. 3Exanpl e 1Conpar ati ve500. 3153. OExanpl e
2Conpar at i ve®bdel23donBxianpide m3dhapitattinie?§0bm 21 0Besnphe gturatiogUL a002

3~ Table 1 (continued) Exanples andCobal t-containing magnetite thin
fi | nConpar atiageetization 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 (FeQ) 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. In the consideration of the sputtering rate and
economy, argon 1s preferable among these rare gases.

The cobalt-containing magnetite may be deposited at a
substrate temperature of usually less than 240°C. In the
consideration of the heat-resistance of plastic materials used
for the substrate, the deposition temperature is preferably
not more than 200°C, more preferably not more than 180°C. The
lower limit of the deposition temperature is preferably -196°C.

The time required for depositing the cocbhalt-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.



Exanpl esSurface resistivity (MsZ)Cobalt content (nolar ratio of ‘
Co: Fe) Exanpl e 20. 050. 04: 1Exanpl e 30. 060. 04: 1Exanpl e 40.100.03:IExamﬂle12mz
50. 200. 04: 1Conpar ati ve Exanpl e 10. 0070. 04: | Conpar ati ve Exanpl e
20. 090: 1Conpar ati ve Exanpl e 30. 120. 04: 1Conpar ati ve Exanpl e 40.120.04:1 2
2 ~ a ~ 2aa2 35 Table 1 icontinued) ExanplesOxidation
t r eat ment andSubst r at eKi nd of Per cent age®Pr adi ati onConpar at i vet enper at urerare
gasof raretinmeExanpl es(C)gas flow ate tooxygenf |ow rate(~)Exanple
2130He5030 mi n. &xarh &e3238HeE 090 %A L ERGNPI® P4 PSDRIERDY YA YT IERAYF e
5200He405 sec. Conpar ati vel30He5030 m n. Exanpl e. 1Conpar ati vel80He301
i n. Exanpl é°REonp2R%a iMAY1 86 HESTP ifd eExanpt & BLHFp A at R VIEF00- 05 sec. Exanpl e
4 22 J~1. 20D2 36 Table 2 Exanpl esMagnetic thin fil mandConpositi onCobal t
cont ent Thi BkAsseLorar alP vaddisiien, r 5b¢ ol rrgEriApneseidition includes
Co: Fe) cobal t - 0. 04: 160Exanpl e 2cont ai ni ngmaghemi t ecobal t- 0. 04: | 60Exanpl e
3cont ai ni ngmaghkiid cwwlzalendoan3euctgmgamodap| dn general, in the ashing
4cont ai ni ngmaghemi t ecobal t - 0. 04: 120Exanpl e ' ‘
5cont ai ni ngwdghean t &Comgamaeinyeeebdom)a0rnlagtewsnar at b ciwpber is
1magheni t eConpar ati vecobal t - 0: 120cont ai ni ngExanpl e o
2magheni t eComrpaiat¢d egvivalet SOLHOrAE) AL 8 M Hefddipethe lonized
3maghem t eConpar ati vecobal t - 0. 04: 120Exanpl e 4cont ai ni ngmagnetite Z2JU
L 2002 37 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.
Therefore, the etching mode is effective to conduct an etching
treatment.
The ilon acceleration voltage is preferably -500 to 0 V,
more preferably -300 to -100 V. When the ion acceleration
voltage is less than -500 V, the thin film may suffer from
etching, so that the film thickness becomes decrease or uneven.
When the ion acceleration voltage is more than 0 V, the
plasma-activated oxygen ion is 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 lon acceleration voltage

of less than -500 Vv, a similar oxidation-accelerating effect

can be obtained by any of the irradiation modes.
In oxder to increase the amount of plasma generated, it

is important to incorporate a rare gas (such as He, Ne, Ar, Kr,



Tabl e 2 (continued) Exanpl esMagnetic thin filmandSurfaceSplici ngConparative
Exanmpl esresisti- vity (MS2)Plane (311) (~)Plane (222) |A) Pl ane (22017 JuL 2000
(1 ~) Exanpl e 282. 5062. 4D02. 934Exanpl e 392. 504- 2. 933Exanpl e
4142.510- 2, 93BExanpl e 582. 503- 2. 932Conpar ati ve Exanpl e

172. 530- 2. 973Conpar ati ve Exanple 2'142_509-2. 935Conpar ati ve Exanpl e
39---Conparative Exanpl e 40.042.5302.4% 2, 965 Z 2 J UI| 2002 ~s Table 2
(continued) ExanplesMagnetic thin fil mdPeak intensi:t

LT oSat ar Ei hCH: P SConPEPar Yy Srs( 13HsenL 335 Jurpose af |

/ magnet i za- =or ceExanpl esl (40011 (400) 1 (400) ti on gﬁégalueyalu v%gue(enu/an)E

xanpl e 2432581922 GELANPIE 3125013053, BED B A0 802 F3E0Exanpl e
5-2526,900quparative~-~345950Exaane_éCoUparati¥§%-6 5%8546DExanRIe
2Conpar at | $608034%2, BFRFERAAP RS SEFPALEEF VeR . 3 155358826 EXGIE Y 2 2 Ju
2002

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 2 to €0 %. 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
oxygen flow rate is less than 1 %, it 1s difficult to
effectively produce an activated cxygen. On the other hand,
when the percentage of the rare gas flow rate to the oxygen
flow rate is more than 90 %, the amount of oxygen required for
the oxidation of the cobalt-containing magnetite may be
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 nickel oxide underlayer formed on the



39 Table 2 (continued) ExanplesMagnetic thin filmand Conparative

Exanpl esSp-p/ Nrns (dH) D50 (kFRPI) D - pul se rati oExanpl e 2501400Exanphq‘mL2m2
3491S10Exanpl e 4481360Exanpl e 5511600Conpar ati ve Exanpl e 1421100Conparati ve
Exanpl e 2381000Conpar ati ve Exanpl e 3481550. 20Conpar ati ve Exanpl e 450980 Z
Z J UL 2002 40 WHAT IS CLAIMED I'S; 1.2A magnetic recordi ng nmedi um
conprising: a plastic substrate; a nickel oxide underlayer forned on said

subst r at e;s\@iyt rateohal 4dfited RonghARIEEIAEE chbi Bphding foar pednen said
ni ckel oxi de underl ayer, containing cobalt at a nolar ratio of cobalt to

iron of 0.0sk1) tF Qoi: der&ndihavi. Bgoeht hefe %Fga@ﬁ%ngf H1epliang) (1) of

not nore than 2.510k a spacing of a plane (222) of not nore than 2.41ly or a

spacing ofng m%etgggoi.ﬁS 0L, RhLe wg&hr?g %%051%3561}2'@)@ ugopf an X-ray

diffraction pattern peak Intensity of ‘erther of 't planes (311), (222) and

I(O gfg?ergf ergc}(Ide Gaha! §T§9@tﬁiﬁgp%en§3@?%%§dt hirfy {O%Eg&&fw % Lay;didf raction

intensity of t ane thereo elng nore than 0.5. 2. A

magnetic rgcarding Jediym aceordi ng Lo ﬁlﬁ?i}md]l.’ff‘f'ggfﬁ?&p ﬁ%{%em'gé% atio of
Jg mis 0.

cobalt to 1ron in sard cobaltcontaining maghemte thin fi 1 to

0.06: 1. 3. 4.4 RGNS b6 LECRLAid HRILYELACCOrUING (97 F1ALN lpohi ch fur ther

contains at Teast "one elenment selected fromthe group consisting of M1, Ni,

Qu, T and g, 0 SUehaanc ANt Ihat (bS) MR Hork?thgnof Saiidlee! ement to

iron is O. 1 to 8.83:3.
obtained magnetic recording medium has an excellent stability
independent of change in passage of time, a higher coercive
force and a higher saturation magnetization, can exhibit a
lower noise and a large output in a high frequency region, and
is free from the distortion of isolated reproduced waveform.

The reascn 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
medium cannot be obtained in any of the cases where the
cobalt~containing maghemite thin film satisfies the specified
spacing and has the specified ratio value of an X-ray
diffraction pattern peak intensity but has no nickel oxide
underlayer; where the cobalt-containing maghemite thin film

has the nickel oxide underlayer and the specified spacing of
the cobalt-containing maghemite thin film is satisfied but the
specified ratio between the peak intensities thereof is not
satisfied; and where the cobalt-containing maghemite thin f£ilm
has the nickel oxide underlayer and the specified ratio

between the peak intensities is satisfied but the specified



2 2J UL 2002 41 4, A magnetic recording medium according to claim1,

wherein the spacing of the plane (3l1) is 2.490 to 2.509 ~., the sp?ggnm‘ﬂmz
the plane (222) is 2.385 to 2.400 ~, and the spacing of the plane ( } S
2.920 to 2.943 ~. 5. A magnetic recordi ng nmedium according to claim1,

whi ch further has a recording propertyaf not |ess than 45 dE) and a
recordi ng density when the reproduced output is one half of a reproduced
out put obt abpedn@tida 1acerdlBgidensidey tethhk&ERPladweintages!| e€ssciHehan 130k
FRPI . 6. A magnetic recordi ng nmedium according to claim1, wherein the

rati o val ugrefef vt idinf heaetbeuh pRRkihatepsid kyoferbher pt adrretll) of
sai d nickel oxide ur_derlayer to that of the plane (200) thereof is nore

than U.S. %as8aPeRCERS fi@ikell 94USE NihdTRYBL! | Ehd _E‘sgﬂé'cqif@gd”ﬁ?éd&rﬂgas set
forth in claim1l, conprising: formng a nickel oxide underlayer on the

plastic subshrahe Qed FiQACTLEY o SPMR R MBENOUindedEANEs LIS the
cobal t-containing nagnetite thin filmon the nickel oxide underlayer by

reactive SpupLering,@ Gobal h.gaEhaidifng i konqal l oy target at a substrate
t enperature of l'ess than 240C In a nixed gas at nosphere contai ni ng oxygen
and a rare gas; yangd, o dig-ngnthgr olatained.cobal tyGonkaRi pge MaGNRELLLE thin
containing maghemite thin f£ilm 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) is changed by wvarying 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
nickel oxide underlayexr or 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 magnetic recording medium according to
the present invention is free from the distortion of isolated
reproduced waveform, is considered as follows. That is, since
the cobalt-containing maghemite thin film has the specified
ratio between the peak intensities, the vertical component of
magnetization can be reduced by inclining <100> axis as

magnetic easy axis of the cobalt-containing maghemite thin

film from the vertical direction to such an angle between the



2 2J UL 2002 42 filmir~ a plasma-activated oxygen at nosphere containin
a rare gas at a substrate tenperature of |ess than 24GC) thereby coﬂMbd@hﬂ@l
t he cobalt-containing magnetite thin filminto a cobalt-containing
maghemte thin film . A'y.Al.A @A .A .AA . Ahfe. AF{y. A A3y. A3Sy. AfR AY. A
S.A3. AS. A AAR A A ., .AI{ .A 24

h@. Al l)yR. AYU. A. A A A @.AsA A3. A A AY. A . A3?. A3hl . A{. A AU. A{. AU. A. 93

I DM bd>?) FGeb¥iBal direction and the parallel direction to the film

(| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] c: a] ca]ca]ca] ca]ca] ca]ca]ca]ca]lca]ca]calc
a] ca] ca] cakgalgeal cal ca] ca] ca] cRa] cal (67_ °
KLELNV:>L&xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

] ca] ca] ca] ca] cahﬁfll)c @]*f’ o%ahﬁal?ﬁ% iGa! RFbnach

{vql gb] X] ca] ca] ca]ca] ca cal ca] ca a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]

;ﬁgfgtgggggggégahﬁ€]§€%f§§)P*CYFEPg}xsnﬁ%}f?]ca ca calggfgéfgg]ca]ca]ca]ca]
cal cal cal calaaleal oal calfalsakeabeakopl i cakaal ol cakgakeal calgal cal |+

e i ratigs AL
géjééjcg]cé]cQ% ﬁ? q%%g%%ao g%%é% %%§]§35Eﬁ? ca c%?ke? fA%]ggfcg}
Ca]ciLzaL§3%§?£€3? ? f ca]ca%§§ 9n$ {bﬂ%m %ca 1EE¥(§§FXS ca T%a]ca]ca]
ESLgiLgilgﬂé%gfgﬁbggéggL%gg%gg%%%ggg@i%i%%égﬁ?%ﬂBTgef%ﬁca]cg]ca]ca]ca]ca]ca

| cal cal caukealoghes) ool aal saloakcal cal ol amlanl seleleal ot al cal cal cal
B9B: B" B_Bn(@ai@ 'ddwﬁlsﬁa%ﬁé] &Ll eaheal ﬁ?rl&%]a‘é%]a%il]cga«l}?ﬂl cahgakcal cal cal ca

] ca] ca] ca] ca]ca]ca]ca ca] ca] ca] cal ca] ca]ca] ¢al oBCCCCCCDDDDD6 E7 EEEEEEFFGG
$G<G-CaGh G })fé%gdzlzﬂadrpaa]x& ﬁe\llga%%]&%]t%a] ca] ca] ca] ca] ca] ca] ca] ca]
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imiijiik heat-treating the film at a substrate temperature of less than
240°C in an atmospheric air, as shown in Comparative Examples
hereinafter, it is considered that the oxidation temperature
can be reduced to less than 240°C by irradiating a plasma-
activated oxygen ions containing a rare gas onto the cobalt-
containing magnetite thin film.

The magnetic recording medium according to the present

invention can have a higher coercive force and a higher

saturation magnetization, can exhibit a lower noise and a

large output in a high frequency region, is free from the
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10%& ()-y 10% & ()- (@AO0% & ()- stuv~_ @9z 10 1S
10%&'()-‘10%&]Tbe'gﬁﬁﬁ@n@)invgg(iquis 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

film into the cobalt-containing maghemite thin film was
determined by observing change in surface resistivity of the

thin film which is one of indices thereof.

That is, the surface resistivity of the cobalt-containing
magnetite thin film was in the range of 0.001 to 0.5 M{},
while the surface resistivity of the cobalt-containing

maghemite thin film was raised from 1 to 100 MQ and varied
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Co., Ltd.) by setting the distance between two probes to 10 mm.

(2) The magnetostatic properties such as coercive force

and saturation magnetization of the magnetic recording medium,
are expressed by values measured by "Vibration Sample
Magnetometer VSM" (manufactured by TOEI XOGYO CO., LTD.).

(3} The X-ray diffraction patterns of the thin films are
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: 1.000°/min; light-emitting (divergent) slit:
1°; scattering slit: 19 light-receiving slit: 0.30
mm.

The region covering a diffraction angle (28) of 30.00° to

60.00° was measured under the above-mentioned conditions.

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

That is, 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
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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.

The reprocduced output is expressed, for example, by the
sum of the values “a” and “b” as shown in Fig. 2, and the di-
pulse ratio is expressed by the ratio of the value “a” to the

value “b” as shown in Fig. 2.

Example 1:

Using a high frequency sputtering apparatus SH-250H-T06
(manufactured by NIPPON VACUUM CQ., LTD.), a metal (Ni) target
was reaction-sputtered by adjusting a distance between a
polyimide substrate and the target to 80 mm, at a substrate
temperature of 180°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 0.15 mTorr and a total pressure of
9 mTorr, thereby depositing an NaCl-type NiO film having a

thickness of 100 nm as an underlayer on the polyamide
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the measurement of X-ray diffraction pattern thereof, the
obtained Ni0O film showed a ratio value of a diffraction peak
intensity of the plane (111) to that of the plane (200) of 1.
Further, a cobalt-containing iron alloy target (Fe
containing Co of 4 wt.%) was sputtered on the obtained NiO
film at a substrate temperature of 200°C in a mixed gas
atmosphere composed cf argon and oxygen at an oxygen flow rate
of 0.27 CCM under an oxygen partial pressure of 0.23 mTorr and
a total pressure of 9 mTorr, thereby depositing a cobalt-
containing magnetite thin film having a thickness of 20 nm and

containing cobalt at a molar ratio of Co to Fe of 0.04:1, on

the NiO film formed on the polyimide substrate at a deposition

speed of 4.0 nm/min.
The obtained cobalt-containing magnetite thin film had a

surface resistivity of 0.07 MQ. Incidentally, the electric

power applied was 300 W.

The obtained two-layered film composed of the NiO film
and the cobalt-containing magnetite thin film was oxidized by
irradiating with plasma-activated oxygen ions under a total
gas pressure of 3 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 5 seconds by using an Electron Cyclotron

Resonance (ECR)-type ion shower apparatus "EIS-200ER"
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determined to be a cobalt-containing maghemite formed on the

NiO underlayer.

As a result of the measurement of X-ray diffraction
pattern of the obtained magnetic recording medium, diffraction
peaks of the plane (311) having a spacing of 2.505 A and the
plane (220) having a spacing of 2.934 A, were observed, but no
diffraction peak of the plane (400) was observed.

The magnetostatic property of the magnetic recording
medium was measured, so that it was determined that the
coercive force thereof was 2,600 Oe and the saturation
magnetization thereof was 355 emu/cm3.

The recording properties of the obtained magnetic
recording medium were measured, so that it was determined that
the Sp-p/Nims obtained when a 100 kFRPI signal was recorded
was 49 dB, and the half-voltage density Dgy (recording density
when the reproduced output was one half of a reproduced output
obtained at a recording density of 1 KFRPI) was 139 KFRPI.

In addition, the isolated reproduced waveform of the
magnetic recording medium obtained a 1 kFRPI 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, as shown in Fig. 1.

The magnetic recording medium was a longitudinal recording
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except that formatlon cr non-formation and orientation of the

nickel oxide underlayer, kind of the plastic substrate,
substrate temperature, oxygen flow rate and deposition speed
upon production of the cobalt-contalning magnetite thin f£ilm,
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 magnetic recording media.

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

Incidentally, in Examples 4 and 5 and Comparative

Examples 1 and 3, no diffraction peak was observed with

respect to the (400} plane.
In addition, the isclated reproduced waveform of the

cobalt-containing maghemite obtained in Comparative Example 3
when a 1 kFRPI signal was recorded, was ocbserved by the
oscilloscope, so that it was determined that the waveform
exhibited a unimodal pulse shape corresponding to a di-pulse
ratio of 0.2, as shown in Fig. 2.

Incidentally, in Comparative Example 4, the cobalt-
containing magnetite thin film was treated in an atmospheric

air instead of the plasma-activated oxygen atmosphere
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magrietite thin film was not oxidized and remained as magnetite

even after the treatment.
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Table 1

Examples Substrate Nickel oxide underlayer
and used Substrate Thickness T(111y/
Comparative temperature (rim) Ti200)
Examples (°C) value
Example 2 PC 50 150 8
Example 3 PC 50 100 1
Example 4 Polyamide 50 100 1
Example 5 Polyimide 80 100 1
Comparative PC 50 100 1
Example 1
Comparative | Polyamide 50 100 1
Example 2
Comparative PC 50 100 0.03
Example 3
Comparative | Polyimide 80 150 1
Example 4
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Table 1 (continued)

Examples and| Production of cobalt-containing magnetite
Comparative thin film
Substrate Oxygen flow Deposition
Examples
temperature rate speed
(°ecC) (CCM) (nm/min)
Example 2 80 0.23 3.5
Example 3 80 0.205 3.1
Example 4 50 0.315 3.0
Example 5 200 0.15 4.5
Comparative 80 0.36 3.3
Example 1
Comparative 50 0.315 3.0
Example 2
Comparative 80 0.23 4.0
Example 3
Comparative 200 0.21 4.0
Example 4
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Table 1 (continued)

Examples and Cobalt-containing magnetite thin film

Comparative | Surface resistivity Cobalt content
Examples (M) (molar ratio of

Co:Fe)

Example 2 0.05 0.04:.1
Example 3 0.06 0.04:1
Example 4 0.10 0.03:1
Example 5 0.20 0.04:1

Comparative 0.007 0.04:1
Example 1

Comparative 0.09 0:1
Example 2

Comparative 0.12 0.04:1
Example 3

Comparative 0.12 0.04:1
Example 4
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()-CClL0%pP& ()-ChL, 7¢10%& ()-CALO%N& ()|-C & 0%9&' () - CCLO9L& () - CCl10
WE ()-G FdBeG+H7CLOBNK' () - C FABC10%& (|) - W] () - CCLO%I 4 () - C FdBCL
0%& ()-|C)/67CVeE+7CGLO%NNR () - CLPUR& () - cE e‘d/(;ﬁ)%}lﬁ( -C FdB' C10%),9& () - CC10
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()-C FdBGQLO%N&E' () - CGLO%N& () - CryzeE+7CLOANE () - CLO%OE () - CCR0%o& ()-CC
10%0&' () CErambR q)|- C FdBm.O%JOéJ YReCh =11 0%4)%0 30 min.
Example 3 130 He 50 30 min.
Example 4 180 He 30 1l min.
Example 5 200 He 40 5 sec.
Comparative 130 He 50 30 min.
Example 1
Comparative 180 He 30 1 min.
Example 2
Comparative 130 He 50 1 min.
Example 3
Comparative 200 - 0 5 sec.
Example 4
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" 309K’ () - FLOWAOWAOWACLO%I& () - C FABKAN=CL0%% )2 10%ak: ()L JUt
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109OOVE () - 109BV9AVE ()- 10989AVE ()- LO98VOAVE ()-". 7?DEd: A=Cl)) ?

1O9VUVE () - L1O9BVOAVE ()- LO9BVOAVE: () - 3PO9BVIOVE () -

109MU9VE () - ENST] A | BA=C1))?)? 1099VE ()- 10989AVE ()- LO9VUVE () -
109VUVE () -

Table 2
Examples Magnetic thin film
and Composition | Cobalt content Thickness
Comparative {(molar ratio {rim)
Examples of Co:Fe)
cobalt- 0.04:1 60
Example 2 containing
maghemite
cobalt- 0.04:1 60
Example 3 containing
maghemite
cobalt- 0.03:1 20
Example 4 containing
maghemite
cobalt- 0.04:1 20
Example 5 containing
maghemite
Comparative cobalt- 0.04:1 50
containing
Example 1 maghemite
Comparative cobalt- 0:1 20
containing
Example 2 maghemite
Comparative cobalt- 0.04:1 20
containin
Example 3 maghemiteg
Comparative cobalt- 0.04:1 20
Example 4 contain}ng
magnetite




1090MUVE, () - " abj kIl npF* 109MU%VE' ()-)? 109VUVE' () - 109VUAVE: () -

109UV () - 109BMLAVE () - 109VIU%VER' () - movwxyzbF* 109MPAVE. () - 77 JuL 200
109MUVE ()-)? 109UAVE' () - 109K () - 109IOAVK' () - 109MUOAVR () - z{ ~bF*
1090MUVE () - 109K () - 109VIAVE! ()-%? 1090MU%VE () - 109K () -
109VLAVE () - yY9* 10% L09NAE () - 7

Table 2 (continued)

Examples Magnetic thin film
and Surface Spacing
Comparative | resisti- Plane Plane Plane
Examples vity {311) (222) {220)
(MQ) (A) (A) (A)
Example 2 8 2.506 2.400 2.934
Example 3 9 2.504 - 2.933
Example 4 14 2.510 - 2.938
Example 5 8 2.503 - 2.932
Comparative 7 2.530 - 2.973
Example 1
Comparative 14 2.509 - 2.935
Example 2
Comparative 9 - - -
Example 3
Comparative 0.04 2.530 2.418 2,965
Example 4




109M AV
109M%VE
109V%VE
109MAVE

109! () -
109MIVE! () -
109MIOVE! () -

Table
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2 (continued)

109MUVE, () - yY9* 10% 109VAVK!
109AVE! () - yY9* 10% 1093 pakil ¢80
109MUVE, () - yY9* 10% 109VAVE: () -

Examples Magnetic thin film
and Peak intensity ratio Saturation Coercive
Comparative | I(311)/ | I(222)/ | T(220)/ | magnetiza- force
Examples Ti400) | Te00) | Ta00) tion {Oe)
value | value | value {emu/cm3)
Example 2 4 3 2.5 310 2,910
Example 3 1.5 0 1.1 305 3,550
Example 4 oo 0 oc 280 2,210
Example 5 oo - e 252 6,900
Comparative oo - oo 345 950
Example 1
Comparative 1 - 6.5 285 460
Example 2
Comparative 0 0 0 345 2,650
Example 3
Comparative 1.4 1 1.5 358 €70
Example 4

o



109! () -
109MIVE! () -
109MIVE () -)?

109! () -

109B9VE () - yY9* 10% L109VOVE () -
109MUIOBVE ()-1", -.y] A* 10% 1090VIVE () -

1O%LPAVE, () -

109MLIVE! () -

10YVLAVE! (

11

109MUVE () - ./ 01=AD~">* 10% 109IVE () -
1O9MUOOVE () - L109BVOAVE ()-)? L1O9VIIAVE (3)9- 1098V9VE. () - DANOYZ[ y] A* 10%

Table 2 (continued)

Examples Magnetic thin film
and Sp-p/Nrms Dso Di-pulse
Comparative {dB) (kFRPI) ratio
Examples
Example 2 50 140 0
Example 3 49 151 0
Example 4 48 136 0
Example 5 51 160 0
Comparative 42 110 0
Example 1
Comparative 38 100 0
Example 2
Comparative 48 155 0.20
Example 3
Comparative 50 98 0
Example 4

\i) T
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109MAVE ()-)? 109AK ()- L109AE () -~ >* 10% 109AVE ()- L109VAVE () -
1099VE () - ) ?
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WHAT IS CLAIMED IS;

1. A magnetic recording medium comprising:

a plastic substrate;

a nickel oxide underlayer formed on said substrate; and

a cobalt-containing maghemite thin film formed on said
nickel oxide underlayer, containing cobalt at a molar ratio of
cobalt to iron of 0.01:1 to 0.1:1, and having either a spacing
of a plane (311) of not more than 2.510A, a spacing of a plane
(222) of not more than 2.415A or a spacing of a plane (220) of
not more than 2.9504,

a ratio value of an X-ray diffraction pattern peak
intensity of either of the planes (311), (222) and (220) of
said cobalt-containing maghemite thin film to an X-ray
diffraction pattern peak intensity of the plane (400) thereof

being more than 0.5.

2. A magnetic recording medium according to claim 1,
wherein the molar ratio of cobalt to iron in said cobalt-

containing maghemite thin film is 0.03:1 to 0.06:1.

3. A magnetic recording medium according to claim 1,
which further contains at least one element selected from the
group consisting of Mn, Ni, Cu, Ti and 2Zn in such an amount

that the molar ratio of said element to iron is 0.005:1 to

0.04:1.
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