; 1 JKLMNe3e06f T@) 1 DESCRI PTI ON MAGNETI C ALLOY, MAGNETI C RECORDI NG MEDI UM
AND METHOD OF PRODUCI NG THE SAME, TARGET FOR FORM NG MAGNETI C FI LM AND
MAGNETI C RECORDI NG DEVI CE TECHNI CAL FI ELD The present invention relates to
a magnetic alloy, a magnetic recording hedium and a nethod of producing the
same , a target, and a magnetic recording device and, nore WmmmmeMﬁMMMI to
a magnetic alloy which has a high normalized coercive force
thermal agitation and also has thermally stabl e magnetic charackggisesti cs, a
magnetic recordi ng medi um and a mMREPERHPTEPHduci ng the same, a target for
formng a magnetic film and a magnetic recordi ng device conprising the
magnet i ¢ MAENETIGg AfDUm MAGNERHGetRECARPINGarMERRYMetAND r MESHOThgOFedi um
of the present invention are suited for use as hard disks , floppy disks ,
and nmagneR@DUAPNS THEAGKRDUNDARKRE T\l FORUFORYANRt MBGNETGEMi FLedANDhave
wi dely been enpl oyed as recordi ng nedia having high density and | arge
capaci t y MAGNET dcdrREKORDINESDEVECENt | y) an i nprovenent of
recordi ng/ reproduction characteristics has been required to increase the
recording density. FIG 19 and FIG 20 are schematic views showing a hard
2 disk as an exanple of a magnetic recording medium FIG 19 is a

perspective view showi ng the whelg-ipeflyapf r@gdipsk type nagnetic recording
medium while FIG 20 is a cross-sectional view taken along |lines A-A of

the mgnet! ¢ I efel dhigsURdl RO  EhGedd N MAgARI £o raeobY, NG
medi um 50 shown 1 n i s conposed of a substrate made of a”di sk
type nonlﬂ@@@&&ﬁ% recording medium and a method of producing the same,
a target, and a magnetic recording device and, more
particularly, to a magnetic alloy which has a high normalized
coercive force, suppresses thermal agitation and also has
thermally stable magnetic characteristics, a magnetic
recording medium and a method of producing the same, a target
for forming a magnetic film, and a magnetic recording device
comprising the magnetic recording medium. The magneticalloy

and magnetic recording medium of the present invention are

! suited for use as hard disks, floppy disks, and magnetic tapes.

BACKGROUND ART
Although magnetic recording media have widely been
employed as recording media having high density and large
capacity in hard disk devices, recenfly, an improvement of
recording/reproduction characteristics has been required to
increase the recording density.

FIG. 19 and FIG. 20 are schematic views showing a hard

T
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substance, and an underlayer 54) a recording |ayer 55 and a protective

| ayer 56, which are fornmed on the substrate 51. In the magnetic recording
medi um 50 of this exanple) for exanple,,a substrate conprising a base 52
made of an Al alloy, and a non-nmagneti <,2 | ayer 53 nmade of N -P provided on
the surface of the base 52 is used as the substrate 51 nmade of the

non- magneti c substance. As the substrate 51, a base made of glass is
sonetines used. On the substrate 51, an underla de of Igth 9
recor di n§Lsdy &S S R¥RMBL €, OdnGnBAID G Jr?n%?cﬁ%%;ﬁ? & ang
protective |ayer 56 nade of C (carbon) are lamnated in order

protecti is B PRBEPeCt t¥ReVlers st iand vike Bhpdsr PeAY of 4 |drﬁ$?&derB‘F
fluororesin such as perfluoropolyether. In the cross-sectional structure
shown i nmelgde D¢ zedebdingtmaginm, nvhilenf{€ed?0\Ws @é@ﬁéctsetc‘dﬂt?féal
magnetic film which constitutes the recording layer 55 in this kind of
magnet i ¢ vriesordiken rebnign 50nes Aadneof cthelmagnes icf rgc@aMdimy are djum
(havi ng He of about 3 1200 Ce ) has been used in first generation
magnet i ¢ ghecat dimgrpedi agand a nagnetic filmnmade of a CoCrTa alloy with a
conposition which is close to Coea-asCrio-i Ta4 has been used in second
gener ation magmeid Gnad§cetdicn g dBht @i Rgdmeuninhes0os Rowa dmgFaId ¢ 19| drs(
havi ng an He of about 1800 Ce ) nmade of a CoCrTa alloy with a conposition
close to R 8O b8- h-dassham e ustde i dethi ddsgengpel non -t Lc

recording nedia and a magnetic filmnmade of a CoCrTaPt alloy with a

conposi t Q&L 958t 0afd 4 tHddr 22J 82 41t Sat pebas-diany Mspsrinsfonat A

generation nmagneti ¢ Fecor ai ng medi a. Theseé changes in generations were

caused béﬁtzf ?éf%u% IS 4 @r n@iéneﬁ%‘ |f%¥mé@98§t LReCamadteiistbest or

t he magn m to bé used | eepi ng W|t |rrproverrents in the recording

density of mag[&ﬁt & & e'ﬁ%égleq'& é‘orﬁ?ﬁ d_{}g'[ reaggvﬁhqmar%lga“ ous

materials. By e way, present 1 nvent earned that , even
if a magnetic fil madeofa al | rclele)l

char actg it 'i“g For fred 5’nsq:arastu scf'o'%%&g‘g’ E'I% a gaosger %e %%%c%fvﬁ?cﬁll s
drastically smaller than the coercive force.that th eal |

exhi bi t, J‘Ssﬁ“if)flﬁt afR8d2i ROPRAAEHELT cfﬂ’?ﬁ\ gléo'tnag)?aﬁpl e, %(t}goh%g%égu% ged
t hat the coercive force of ahout 3000 Qe of |%§_Pr E}ctrredl u ae

exhi bi t edy SLEBRFEY OF) &P % %%)e’ril%e‘f‘o?ﬁe Bt '33 be

exhibited by a CoCrTa alloy. However, it is considered that 2 rragrgti C
i1 hathgie cbeRchoanedie Thekance. As the substrate 51,°d bass

made of glass is sometimes used. On the substrate 51, an
underlayer 54 made of Cr, a recording layer 55 made of amagnetic
; film of CoCrTa or CoCrTaPt, and a protective layer 56 made
of C (carbon) are laminated in order. The protective film
56 is sometimes coated with a lubricating film made of a
fluororesin such as perfluoropolyether. In the
cross-sectional structure shown in FIG. 20, a lubricating £ilm

is omitted.
With respect to the magnetic film, which constitutes
the recording layer 55 in this kind of magnetic recording medium

50, a magnetic film made of a CoNiCr alloy (having Hc of about



4 is far smaller than the above values are sonetinmes obtained in nmagnetic
films nmade of these alloy materials obtained by a general filmform ng
process and only a magnetic film having_.a half or |less of the ideal
coercive force are obtained in sone cases. Therefor e, the present inventors
have intensively studied intensively nethods of producing magnetic filns
made of CoCrTa and CoCrTaPt alloys , which are exclusively used at present
( in order to cope with the increase of the recording density of netic
recor di ngl #@@iQe gﬁ'di‘-’r aerk 25Ad AedfdESdHPENET At AP MTeARe FyCi FPFEvAHES he
magneti c characteristics of these nagnetic filns . The%/ termed this nethod
an ul tra mé¢@an @rotess magneticodd immteadeanfl i ealGSEl epd 10V @itBed U. S.
Pat ent Nos. 5, 853,847 and National Application PCT/JP94/01184). According to
t he technobepysadititdre wibbek pat ediose tto sCandesPpossifia: thrapbbaen as@Ni Cr
magnetic filmor a CoCrTa magnetic filmhaving a high coercive force wthin
a range fiQ®erdii yendx 1n hagnet fyiregdrididg madia andg Sonbbplreweeand
control the ultinmate vacuum degree to 3 X 10-9 Torr ( 400 X 10-9 Pa) or

| ess and Hynalfve €Y€ N N0 Y 4181 8¢ o HEESE ¥ it 1i8TD @eQuinadleppb adCoCrTa
inmpurities such as H20, the surface of the substrate, on which an

under | ayegy 9hyQhith 4 QoMishsiPibRM®YEsEMBIdd ;&3 cTUCH .08 s d sleedr anddie
surface of the substrate . This kind of a magnetic film obtained by general

filmforni o, pi PRCFEES AUAL A Yn£FHE R ES rd e Tl ané QL GCakhit Bi Ragn2tdd ange
from about 1500 t07 2000 Ce. However, considerable progress has been made in

magneti c ERinr ML "Bl g 2R rtap S 59ﬂp?g§&n%rgn§e&sh§9ﬁm@ exeell &y

magneti c min place of the CoCrTa a tic filmor CoCrTaPt all oy

magnetic film i | s, requi vel a;hmag Fenf 1 L ohuhiagh
exhibits é&’é‘é??%’%\’t“'ﬁ%%éf?%sbl ar%%%eib%ﬁq?c?s%;ade%ggeﬁgtr]g% fiJI;m }Q/gra% ng.
conditions_w thqut using.the ab%\i% ultra clean process. An object of the

present i APEREHT irse?%g%}%gi 36%aStagnetic all oy which has a high

l'ized | f , . th I itati d h
hermal |y st abl EPRBGnGF PSR ackbr (e IUca L 0P rBRe | £ MR ity T um

conprising a magnetic filmnade of the alloy. A{]Qt her obi:Ect .Of ,ther?gor esent
i nvent i onT PYUEF SHET AL U ﬁﬁ%&xﬁﬁlﬂrﬁhﬁj&%{ﬂf% Mg 8CFEEHdiTe® A&di um
having the above characteristics. Still another object of the present
i nventi onthe MagpedEE gt iydte Afakd™ FeaREP g vk HPBHBE’F?'%d”b? P
magnetic recordi ng nedi a having the above characteristics. Yet another
obj ect of theeTgroFsiiing fansibh ¢ MaIpesdicd& L aryiReiRetitor HPFYIdEA ce
conprising a magnetic recordi ng nedi um havi ng the above excell ent
char act er int itde development of various materials.
By the way, the present inventors had already learned
i that, even if a magnetic £ilm made of an alloy having the above
magnetic characteristics is formed on a substrate, only a
coercive force which is drastically smaller than the coercive
force that the film should ideally exhibit, is obtained in
the magnetic £ilm. For example, it can be surmised that the
coercive force of about 3000 Oe of an isotropic medium can
be exhibited by a CoNiCr alloy and a coercive force of about

2500 Oe can be exhibited by a CoCrTa alloy. However, it is

considered that a magnetic films having a coercive force which



DI SCLOSURE OF THE I NVENTION 6 The magnetic alloy of the present invention
is a magnetic alloy consisting essentially of cobalt (Co), chrom um (Cr)
and germani um (CGe), the conposition of said magnetic all oy being
represented by the general formula: Cox‘é?ryGeZ where x, y and z , which
represent the conposition ratio, satisfy the relationships: 78 S x S 87,
2.5~y ~25 2SzS15 and x +y + z = 100 ( provided that x, y, and z
represent the conposition ratio in terns of atom c According to the

nmagnet i ¢ 18 |TBT vémalire ihere tden@have oraluesi 3T§osoMs tleines opbhpAngd
magnetic all oy which has magnetic characteristics capabl e of accommodati ng
i ncr easesin maguetdicng idersintade iof. tlhosé alhoyhmadrenilakedokbaisiede biyor ce
and magnet ocrystal line ani sotropy, and also has a nore excellent magnetic
ani sotr opy gleimddxth 1 191 Inh & qametied tp i owesis isond ontley aompgsettiionfddm bavamg
preferably satisfy the relationships : 82 ¢ x S87, 2. 5Syi <13, and
2.5 s Zz 5 hfa1¥W bk aexymosi thenidkebhi Rdditc BbeVeEotraRgard hebtaiakidodshi p 4
Tt Ms/Hkgrain s 1.0) which is the condition required to obtain a high

nor mal i zeghgoekakue .force ( Hec/Hk9rain ) of 0.35 or nore, is secured to
obtain a magnetocrystalline anisotropy (K'grain) of 1.5 X 106 erg/cnB8 or

more, thus makigpgeibeBReSi D@l Opkes®ri MgRRid oak! YaWbi cinéfgikeay
thermal |y stabl e nagnetic char ac?erl stics. The magnetic alloy of the

t ] ian. | i | LSt i 2l 't
P RIS TR o ondod LD ESSTL Tl 2k phcah

(Co), chromum ger mani
nore of th I nts_qf . T io), NQ, Ni 99&1 ) . it f
sai d nagnoefic'go‘gﬁgyaﬁgi %BQFEE‘F)etsé‘ntle"S’%y v‘{h}l"le ge%?a?%%?%ﬁﬁ%@?s%o(ﬁ%r‘ﬁeez
) loo-~To where x, .y) z,..and c, which . represent ONPOSy L i i5Q,
Lt oty (ECTEREr STRFREY &5 ot SR Tod S8 8 UPOPhL Febllishg
and x + y_+ z = 100 ( provided that.X, Z_,.a c.represent co sition
ratio in ‘?%’Pﬁ%té'f°gt“lﬁ§%et c F%c?ﬁélﬁgdﬁ%?ﬂé %ﬂqgfyo%?gtahléle%rﬂgggﬁ?p%q‘e
invention, the cqonposition ratio can satisfy the.relationships: 60 S >%87,
2.5 'Cy of13ignidisaply REOVARG P "I ol |°g'5?rcﬁ°‘f?m 1pFasEnt
invention, c, which represents the conposition ratio of_ said_elenment T, can
be controthedetmagngtdq £1lng. | dhey texmef dhdiomethed Feldite Gheasy
nmore el ements of Ta, Si and Nb) and c, which represents a _conposition ratio
of said epeaesssTandanapdosshPadiardd arpPbieRbiPas-vwEre €id e (88&Usi-d
element T is B. The nagnetic alloy of the present invention is a magnetic
al l oy corngatentg esNeatial |5.®933c¢84dlt (TpY) citakierricr) ARetiEATHON GCe
) , platinum( Pt ) , and an element T' ( T represents one or nore
el ement s BETTAP&Ad ) 184 he chapogidtbinen Wi thedteshmetliagnl ¢Hythei agove
represented by the general fornula: ( CoXCryGeZPt~ ) loo-~'"T ~ o~ where X)
y, z, v, patent,, iwhishmader pesstitle wpmivsainon ¢eli16r magnetic film
I or a CoCrTa magnetic £film having a high coercive force within

a range from 2700 to 3000 Oe by purifying the film forming

atmosphere and control the ultimate vacuum degree to 3 X 10°°

Torr (400 X 10°° Pa) or less and by dry-eyching using an Ar

gas containing about 1 ppb of impurities such as H,0, the surface

of the substrate, on which an underlayer of Cr is formed, to

remove impurities such as oxides from the surface of the

substrate. This kind of a magnetic film obtained by general

film forming processesusuallyexhibitsacoercive forcewithin



satisfy the relationships: 45 ~x ~ 87, 2.5 ~y ~ 25, 22z j 15 2 ~v ~ 25,
and 1 ~ c¢' ~ 12 (provided that x, y) z , v and ¢c' represent a conposition
ratio in ternms of atomic ~ ) . According to the nagnetic alloy of these
conpositions ) it is easy to obtain a | dw nmedi um noi se, a hi gh signal

out put and an excellent S/Nratio, in addition to excellent nagnetic
characteristics of the CoCrGe ternary all oy described above. In the
magnetic alloy of the present inventiagn, c, which represents the

conposi t idnFeRERoEEPTB ARt hESRENELOI40P (R 1 atomic %or nore and 8
atomc %or less if said T" is B. In the magnetic alloy of the gresent
invention, c) hbeavespresraldemied mprpognahhrstheepmade 1opagpetic
controlled to 1 atomc %or nore and 8 atomc %or less in case said T' is
Ta. Wth reopedinigomeddiat ahd 1hd sbeg izeddo Aevied quadnore edcsddend vy
obtain a | ow nmedi um noi se, a high signal output and an excellent S/Nratio,
in additipaghetexceiantimagneté coehthacCoCirTeai @ lafy g BTl Ce fiidm oy

al | oy descri bed above. The present invention is characterized by a nagnetic

r ecor di ngc SR GirdMtCaNMyShagne tSh Ftirlat e andiz sksoonagndtiried et devedgpet i
filmformed on said substrate via a netallic underlayer, said ferronmagnetic

netal maggetitadndprbei ngi emnegnetés fidinimdesof exée€lbant al hagnetic
consisting of cobalt ( Co ) , chromum( C ) ( and germanium( Ge ) , an

al | oy conpgirhicqd s $866 Jrfdd P 4 T £ARhAE o PRANGT E6nlitkmdial wE thout
represente 9 by the general fornmula: CoxCryGeZ

using the above ultra clean process.

Anobjectofthepresentinventionistoprovideamagnetic
alloy which has a high normalized coercive force, suppresses
thermal agitation and also has therma;ly stable magnetic
characteristics, or a magnetic recording medium comprising
a magnetic f£ilm made of the alloy.

Another object of the present invention is to provide
a method of producing a magnetic recording medium having the

i above characteristics.

Still another object of the present invention is to
provide a target suited for use in the production of a magnetic
recording media having the above characteristics.

Yet another object of the present invention is to provide
a magnetic recording device comprising a magnetic recording

medium having the above excellent characteristics.

DISCLOSURE OF THE INVENTION



where x, y and z , which represent a conposition ratio , satisfy the
relationships: 60 s x S87) 2.5~y 525 2Sz ~ 15, and x +y + z =100 (
provided that x , y and z represent a conposition ratio in terns of atomc
% According to the ferromagnetic netalﬁmagnetic filmof a magnetic alloy
wi th the above conposition, it is possible to obtain a magnetic recording
medi um whi ch has magnetic characteristics capable of acconmopdati ng
increases in the recording density, i . a . both a high nqormalized cpercive
force and magn@hedrgansaticnalafyset ti Presen LWiBY SRR 45.R MASHS Hhal
filmformng process utilizing a filmform ng chanber, the ultjimte vacuum
degree oRldoixcitdnsbatihg esganbialpysoforebalt (Fe) mEREOMYRcFHI ng
medi um of the present invention, the conposition ratio of said
f err onagaeid gemiahimgi6ei)c ftilen compeatitdfon (¢ saidtmaaseitds :ahoy x S
87, 2. 58Sy S13, and 2.5 Sz ~ 14. Wth a conposition within the above
range, theirg] atdpnesentéda- bys/tkOrgenebal. Eoxnahild: | €oiPryGrandi ti on
required to obtain a high normalized coercive force (Hc/Hkg=ain) of 0.35 or
nore, isy3RaHE 8dy enald akRieH eeposeenal thermimpo snyteni xatibmswmuisfya
magnet ocrystal line anisotropy (I(~9rain) of 1.5 X 106 erg/cnB or nore, thus
meki ng it QOSSN { Qs 9p Y. a7EREDEL I € fgecondings Mpdiding hi zhsaks s hes,
thermal | y stable 10 magnetic characteristics. The present invention is

charact erjze£d, Qy?aﬁ%g'letliofb (g @i@gdﬁﬁﬁh%ﬁkqupr agidng Fepihsdsntetnad a
ferromagneti c metal magnetic filmforned on said substrate via a netallic

under | ay%rdmgzogé'eﬁitg{llrgggg%ggiibrglt%@%%) BRIl d idn being a magnetic film

consi.sting , chromum (Cr), germanium (CGe), and

an el enent T)( %§?¥5?§ tseane Qe mmfﬁﬁgtige ghewRnt §ikd » the: &oveB .

Ni , and Pt & Tohposi-ti o of sS4l magneti c all oy being represented by

th | formula. (.CoxCryGeZ.) . oo- , ) -
opr cconCATRSEDRDAL FEnPabpae 1hA 3 SR Feghg e MhSy YRLel,

2.5 ~ ~ 25, 2 ~ 15, ~ 20 d x.+ + = 0 [ d
z reprgsé‘rﬂs t H%aéﬁﬁﬁ&ﬁ  ERRTAL TR S CO%P%?%% cggao%lff%%g‘?’ﬁ%l’n'fﬁgy -

invention, the conposition ratio of sajd ferro tic . metal magnetjc.film
can sati SfRCEPRSEE| AP BRSATFLLNY ﬁ:erls#g'Sai'?'g%%r{g‘ g §}1§Lki§’°(r“garlldl§e(.i 58S

z S14. In the present invention, ¢, which represents the conposition ratio
of said €FRALVE, f@&ﬁ%@%ﬁ??%‘l‘FEecFé’sﬂca&'tJdﬁ?% W IFOLELPY ¢ %’éﬁadagﬁ&rent

T represents one or nore of the elenents Ta, Si and Np, and c, which

repr esentt®8 e BORPoSHCedn a1k | Baghesard 3N ISR ORY €4/ 1S controlled to 9

atomc %or less in case said elenent T is B. The present invention is
characteri zed bl;nathag@gteia;ent invention, the composition ratio can

preferably satisfy the relationships: 82 = x = 87, 2.5 =y
> < 13, and 2.5 = z = 14.

With a composition within the above range, the
relationship 4 7T Ms/H,%®*" = 1.0, which is the condition
required to obtain a high normalized coercive force (Hc /H,9%21m)
of 0.35 or more, is secured to obtain a magnetocrystalline
anisotropy (K,%*2i") of 1.5 X 10° t':\.rg./cm3 or more, thus making
it possible to form a magnetic alloy which also has thermally
stable magnetic characteristics.

The magnetic alloy of the present invention is a magnetic



11 recordi ng medi um conprising a substrate and a ferronmagnetic netal
magnetic filmformed on said substrate via a netallic underlayer, said
ferromagnetic nmetal magnetic film bei ng7a magnetic film consisting
essentially of cobalt ( Co ) , chromum'(Cr), germanium (Ge), platinum
(Pt), and an elenent T' (T represents one or nore of the elenents Ta andB)
, the conposition of said nagnetic all oy being represented by the general
formula: (CoxCryGeZPt~)| oo-~~T~0o~ where x, y ,, v, .apd ¢ whi c
r epr esent 2L heYc6RpSist R res sentiadilyr 95 ﬁ@haétat(ico%ghi FRropsud 2C§ )g7,
2.5Sy S25 2z ~15 2~v ~25 and 1 ~c¢' ~ 12 (provided that x,r%) z,
v, and c' gecpeasam (Ge) coaplsin e1eman® Tn(TeFRPISS SR b @08 OTAROSHSi ng
to the ferromagnetic netal nagnetic filmof these conpositions ) it is easy
to obtai nof the ekementsodEclaa i glNtsi FnaNiouepdtPhnd BReXRBPPEAL 1GMN
ratio, in addition to excellent magnetic characteristics of the CoCrGe
ternary abkoysdlesCmiaed tabovelllay t beipgeseepreaeateidonbyc thenhgeheral
represents the conposition ratio of B) can be controlled to 1 atomc % or
nmore and 8o2h@liaC %cy,dr§E®.)R.LaBe said T' is B. In the present invention,
c', which represents the conposition ratio of Ta, can be controlled to 1
atom c % Qheh & ,29d 8 ahadl &, % AL chegspire sease tIve bdmpositaonitaitia,
conposition within the above range, it is made 12 possible to securely
obtain a Low:nedj ypnqise, )1 dnbhipssi gals oxtguts ANG a8 Exgeld eps, SENS
ratio, inlsgg itifon to exceﬁ'ent nggneti c characteristics of the CoCrGe
ternary allQy descyibked, abo T resentydn L PReisS tehar 3ct &F i z2ed by
form ng af Feagg'aéf'e‘r %o‘fr’agynlg?i}é Trgfa{ magnet(? C(\/ﬁ%m on a netalli g,r
under | ayer, usin he SRYLE! I fifon VAGYYE d2PASH h&No £ CYPomii@N feam
or |aser 8@%05 %%‘n}y?%rr#fgr %Bnéorretﬂ%odg ?n t he production of the nagnetic
recordi ng nmedi ugn descri bed _abaqve. ar yi o} s fideafesahng ¢iRt hod)
it is made possE]BI :éieo BHEREA 1t%eag‘gg rgg n‘%%ne#%gts?ecorldé ng nedi um
conprising a substrate and a ferronagnetic mstaér netic filmhavi ng<
excel | ent CRE@RRt Il eRaF atier i°8H (,Ssatf:‘osr)ﬁ%dtgﬁ FREANISEIFIRS gbt fe Present
i nvention, afilméanb<eformedina <

87, 2.5 =y = 13, and 2.5 = z = 14.

In the magnetic alloy of the present invention, ¢, which
represents the composition ratio of said element T, can be
controlled to 5 atomic % or less if said element T represents
one or more elements of Ta, Si and Nb, and c, which represents
a composition ratio of said element T, can be controlled to
9 atomic % or less in case said element T is B.

The magnetic alloy of the present invention is amagnetic
alloy consisting essentially of cobalt (Co), chromium (Cr),
germanium (Ge), platinum (Pt), andanelement T’ (T' represents
one or more elements of Ta and B), the composition of said
magnetic alloy being represented by the general formula:
(CoxCryGe,Pty)ioo-c'T ¢

wherex, y, z, v, andc’, whichrepresent the compositionratio,



S non-bias state where an electrical bias is not applied to a substrate in
case of forning at least a ferromagnetic metal magnetic filmon a netallic
- underl ayer in the production of the naggetic recordi ng medi um descri bed
above. According to the magnetic recordirng nedi um conpri sing the above
CoCrCGe ternary alloy magnetic filmhaving a specific conmposition ratio or
the CoCrGeT or CoCrGeT alloy magnetic filmhaving the above specific
conposition ( a filmcan be fornmed in n- bias st at it ho plyigg a
bi as to £atbsfrvathe redady anshing:j ﬁgu%t’frr% %ﬂa g a\\%ng %(c ?re tg
evenness capn be enpl gyed as _the substrate. Rurthernore, the nagnetic
recor di ng medildm HasSt Ne Fedbur 8ndeflecEsCduet b2appriovaideh brethd -bi¥as to
the substrate during production can be prevented, thereby makin staSIe
product i dh, JoBREI eTEPT4FLRhe FPEPORL HHRR MG iPhEeBBGRE Pé:r‘?q%& etic
metal magnetic filmcan be forned on a substrate by nmeans of sputtering
using at | east Acconpgdnia ot fhgemagaeiriciadgd @ chithe shFE@PehitpdOpisaced
thereon in case of carrying out the nmethod descri bed above. The present
inventionitsishmasrtey icdedaby adilsposiediamsubiseat 8 hhgh $igmaflopritppt
chanber, formng a netallic underlayer on said substrate using a target for
form ng aanmdnderdxayellenavs ldratisaiinfadddtbon hg eteebientamdghetidiang a
ferromagnetic nmetal magnetic filmon said nmetallic underlayer in said film
form ng cépabaktesiing: Bt dHathd TodrB¢itwrmat¢rda Dhagndé s crivbiesl abagret i C
filmdisposed in the .filmformng |layer after formng the netallic

underl ayer in casard maidytig HUloy F blehpdedesnt iae@nthiode, cThehpasent
invention is characterized by a target for formng a nmagnetic film

consi sti nﬂe?fé@@ﬁt@ lbh ©fc SRPEL L th 0ROk at I OF BIM 43 )b&Nso g e EBRLeaNtde) |
the conposition of said target being represented by the general fornula:
CoxCrYCez; atomic % or more and 8 atomic % or less if said T' is B.
In the magnetic alloy of the presen.t invention, c, which
represents the composition ratio of Ta, can be controlled to
1 atomic % or more and 8 atomic % or less in case said T' is
Ta.
With compositions within the above range, it ié possible
to securely obtain a low medium noise, a high signal output
| and an excellent S/N ratio, in addition to excellent magnetic
characteristics of the CoCrGe ternary alloy described above.
The present invention is characterized by a magnetic
recording medium comprising a substrate and a ferromagnetic
metal magnetic £ilm formed on said substrate via a metallic
underlayer, said ferromagnetic metal magnetic f£ilm being a
magnetic £film made of a ternary alloy consisting of cobalt

(Co), chromium (Cr), and germanium (Ge), an alloy composition

of said ferromagnetic metal magnetic film being represented



where x, y and z , which represent the conposition ratio , satisfy the
relationships: 78 ~x ~ 87, 2.5 ~y S 25, 2 c¢c z S 15, 14 and x +y + z =
100 (provided that x, y, and z represen}, the conposition ratio in ternms of
atomc 9% . The present invention is characterized in that said conposition
ratio satisfies the relationships: 82 ~x S87, 225~y S13, 2.5 ~ z ~ 14,
and x +y + z - 100. The present invention is characterized by a target for
formng a nmagnhetic film consistin% essentially of cobalt ( Co ) , chrom um
(o), @%r%ﬁﬁigﬁﬂFFEQ)f?r%HHaén QPEFEQFZT ( T represents one or nore of
the elenents Ta, Si, No, B, Ni_and Pt), the conposition of said target

bei ng r epfReEARd Yopntha . JEnEERITSRFABEAT: @ CUReF{EE2N TREIO TS AFHELY X,

y, z and c) which represent the conposition ratio, satisfy the

rel ati onsthh@sceB8tSonshigis: X6 S g 5 257, 22 S575- Y15, 26,~228 2 gad 1% + y +
z = 100 ( provided that x, y, z , and c represent the conposition ratio in
terns of amdxi€y% 3 =108 pgowitdedthamix hysanohz aeqorgesnt aggemposition
ferromagnetic nmetal magnetic film having excellent magnetic characteristics
wi th the totposini arexescsf batdomheve )can be. obtai ned by neans of a film
form ng nethod such as sputtering. In the present invention, said

conposi tion ratAecezaipeitey aley satfichighet ichtitahyagsetid FidnS o7,
2.5 Sy 13, and 2.5 Sz ~ 14. According to the target with such a

Cogposmfﬁna\gﬁaitad A 138P e FiRNEee , abboel Bbapc¥istion 4 T€ M pblsgzaive S 1

| | to obtain a magnetic recording medium which has magnetic
characteristics capable of accommodating increases in the
recording density, i.e. both a high normalized coercive force
and magnetocrystalline anisotropy, even when using a
conventional f£ilm forming process utilizing a f£ilm forming
chamber, the ultimate vacuum degree of which is on the order
of 107° Torr.

In the magnetic recordingmediumof the present invention,
the composition ratio of said ferromagnetic metal magnetic
film can satisfy the relationships: 82 < x < 87, 2.5 = y =
13, and 2.5 = z = 14.

With a composition within the above range, the
relationship 4 7T Ms/H,%**" = 1.0, which is the condition
required to obtain a high normalized coercive force (Hc/Hk%2")
of 0.35 or more, is secured to obtain a ferromagnetic metal
magnetic £ilm having a magnetocrystalline anisotropy (K,%*'")
of 1.5 X 10° erg/cnﬁ or more, thus making it possible to form

a magnetic recording medium which also has thermally stable



is the condition required to obtain a high normalized coercive 15 force
(Hc/ Hk9rain) of 0.35 or nore, is secured, thus making it possible to forma
magneti c recordi ng medi um conprising a ferromagnetic netal nmagnetic film
whi ch has a magnet ocrystalline anisotroﬂ% (Ku9rain) of 1.5 X 106 erg/cnB
and also has thermally stable magnetic characteristics. The present

i nvention may be characterized in that ¢, which represents the conposition
ratio of said element T, is 5 atomic %or less if said element T represents
one or noredBetike HarARtSr¥Etics and Nb, and c, which represents the
conposition ratio said elenment T, is 9 atomc %r less if said elenment T is
B. The target drhehprpﬁﬂSEMtlmﬂeehnpanJnaycm@réﬁaﬁaéﬂéﬂiﬂ@ﬂ aymagngtdead for
formng a magnetic film consisting essentially of cobalt ( Co ) , chrom um
( C ) ( pecomdimy Mme@iym,camprinsieigemesubEtrafe ardrastersovagne@timre
of the elenents Ta and B ) , the conposition of said target being
represent:ﬁétay imagnagentes af i fer fotned 6nCex@drGatiitratéovia a Mewhdrla «, vy,
z, v, and ¢' , which represent the conposition ratio, satisfy the

re|al'0nsﬂh3§rl§§éix sadd, f8r5o§dgﬁeﬁﬁc Hetald kagrethiy¥ Bildlm b¥ithd a C
S 12 (provided that x, y, z , v, and c' represent the conposition ratio in

terms of QbgHkLei% an; é&ﬁ%&sngalaggehﬁeffamycm%rbtalom (cdt)i 0chdondium ng
t he rel ationshi ps: y S13, and 2.5 s z S 14. 16 1t may

al'so be ata)gele dﬂh fee Wi sha 8Rf @3RN FOPOSLELEBAY Ol &b 1S
1 atomc %o re and 8 atomic %or |less in case said B.
more of the elements Ta, Si, Nb, B, Ni, and Pt), the composition
of said magnetic alloy Being represented by the general
formula: (CoxCryGe:)ioo-cTe
where x, y, 2z, and c, which represent the composition ratio,
satisfy the relationships: 60 =< x < 87, 2.5 = y = 25, 2 =
z = 15, ¢ £ 20, and X +y + 2 = 100 (provided that x, y and
z represent the composition ratio in terms of atomic %).
In the present invention, the composition ratio of said
ferromagnetic metal magnetic £film can satisfy the
‘ relationships: 73 < x < 87, 2.5 = y = 13, and 2.5 = z =
14.
In the present invention, ¢, which represents the
composition ratio of said element T, can be controlled to 5
atomic % or less if said element T represents one or more of
the elements Ta, Si and Nb, and ¢, which represents the
composition ratio of said element T, can be controlled to 9

atomic % or less in case said element T is B.

The present invention is characterized by a magnetic



The target may al so have a value of _ ¢ , which represents the conposition
ratio of Ta, of 1 atomc %or nore and 8 atomic %or less if said T' is Ta.
According to a target with a conposition within the above range , the
relationship 4 ~t Ms /Hk9r8in S 1. 0, whichis the condition required to
obtain a high normalized coercive force (Hc/Hkgrain) of 0.35 or nore, is
secured, thus making it possible to forma nmagnetic recordi ng nedi um

compr o1 1% Go LESLATRANENP gLy HRABCH EublliRat eind\as amanshaghysal T ne

ani sot r opy grarn~ o and al so has thermally stable
magneti c characteristi.cs...The netic r rdi i t

i nvent i ol"§ §2&nARERESAS & %%Fgrmpglas?ﬁggggg g%g’vs&eyn%g%efl% ?2’3%?5?’%&%

medi um a driving section_for driving said etic recordin di,u a
magnet | ¢ RABFLEIE T AA ot RESREA® o0 i MGTed HAVRSIAT < heRdBFEPA el y
to said magnetic recordi ng nedium Since the nmagnetjc reﬁgrqi ng devi.ce
conpri sed"2BReLA6VEL 4BORBRA tARGhEESE Y RF GRRAdh AGT) ngCRE B Eht
magnetic characteristics, it is possible to provide an excellent nagnegtic
recor di ngf %Ié\)/i:cé%ﬁl%%n(ﬁ%@nﬁé@zﬂ@‘i%c%géesa&d e $EBFRENG dgﬂ'si ty
and has a great resistance to thermal agitation, and which also has a |ow
medi um norepresentaenenr Banamdethee kemeat sda pod BIThENSRPBPPELEAOSY di ng
device of the present invention is characterized in that the reproduction
secti on obfsaad dapagnied iwadldonsibeingf zepmgaented ebystthweegeneadel t ype
magnetic elenment. , Since the magnetic head, a reproduction section of

whi ch consosmalaf: { CmgngGecPredintalce  ef fect type magnetic el enent
accomodat e the increases of the recording density of the nagnetic

recor di ngwnegiewn) §ndz can ahfa r pathifdine epagrsan € thef compbisdit i on raitd o,
possi ble to provide an excellent magnetic recordi ng device which can
accomodag g BEREIIRS r‘éflatﬂWfoﬁgﬁQFQi:nasd@S:i:tﬁ aw, has a=giead pBsistance

to thermal agitation, and which also has a | ow nmedi um noi se and can enhance
the signal eutput.,BRlI EfF DESGRI BHLON E THE DRAW N5Sovided that x, v,
z, v, and c' represent the composition ratio in terms of
atomic %).
According to the ferromagnetic metal magnetic f£ilm of
these compositions, it is easy to obtain a low medium noise,
a high signal output and an excellent S/N ratio, in addition
i to excellent magnetic characteristics of the CoCrGe ternary
alloy described above.
In the present invention, c’, which represents the
compositioh ratio of B, can be controlled to 1 atomic % or
more and 8 atomic % or less in case said T’ is B.
In the present invention, c', which represents the
composition ratio of Ta, can be controlled to 1 atomié % or

more and 8 atomic % or less in case said T' is Ta.

With a composition within the above range, it is made



FIG 1 is a cross-sectional view of a magnetic recordi ng medi um of the
first enbodi mnent according to the present invention. FIG 2 is a triangular
conposi tion di agram showi ng a conposi tixt)%sregi on A where both the
characteristics of the relationship 4 ~L'™Ms~Hg9rain S 1. 0 and the
characteristics of the relationship R'9r$in ~ 1.5 X 106 erg are obtai ned
and a conposition region B where both the characteristics of the

rel ati onship 4 7~I\/B~Hk%rai nS1.0 and ﬁ_he char.acteri.stics

3 f. t.he .

rel ati onsRPFSRBBILe SEeSUFelY PRSTHE % r@YaPEIBt™iNTed ¢ n & %‘ég?hessﬁ“é’&]aﬁ/e
sanpl es obtained in the enbodinents. FIG 3 is a gr :Eh_showi ng thelr} N
conposi t i e taete fdch@® = ehkleRgner HeFpddar 1 ilfe aa‘}fi bt PBpY OkEFCE S HE t he
respective sanpl es obtained in the enbodinents. FIG 4 is a graph show ng
t he conposagnet idepbadasdenis #ics@AEPECIGTGeiteRIRTY SdplRY A¢s TdRf &s
obtained in the enbodinents. FIG 5 is a schematic cross-sectional view
showi ng aabGveagnetron sputtering device used in the production of sanples
of magnetic recording nmedia of the enbodinents. FIG 6 is a side
cross-secti onal Thieewrsdsan igianeetdml e of chamagietricz e@cbydfogmiad oet
~according to the present invention. FIG. 7 is a planar cross-sectional
vi ew showhe@gsah gXFgdroméghbeimagnetal meomieltng devime oshoanmertalllG.c 6.
FIG 8 is a front view showing a schematic configuration of a sputtering
devi ce usgddled U PEHCEsiRg BRGNS aHeCHHAtB8ring, vacuum deposition,

CVD, ion beam, or laser deposition film forming methods in

the production of the magnetic recording medium described

above.

By carrying out this film forming method, it is made
possible to obtain the desired magnetic recording medium
comprising a substrate and a ferromagnetic metal magnetic film
having excellent magnetic characteristics formed on the
substrate.

In the present invention, a film can be formed in a

; non-bias state where an electrical bias is not applied to a
substrate in case of forming at least a ferromagnetic metal
magnetic film on a metallic underlayer in the production of
the magnetic recording medium described above.

According to the magnetic recording medium comprising
the above CoCrGe ternary alloy magnetic film having a specific
composition ratio or the CoCrGeT or CoCrGeT' alloy magnetic

filmhaving the above specific composition, a filmcanbe formed

in a non-bias state without applying a bias to a substrate



medi um sanpl es of the other enbodinents. FIG 9 is a triangular conposition
di agram showi ng the concentrati on dependence of C, Co and Ge on the
magneti c anisotropy field ( j-~k9rain ~ of the sanples obtained in the
enbodi nents. FIG 10 is a triangular colngposi tion diagram show ng the
concentration dependence of C, Co and Ge on the saturation 19

magneti zation (Ms ) of the sanples obtained in the enbodinents . FIG 11 is
a triangul ar conposition_di agram show ng the concentration dependence of
Cr, Co arfiP G ah ame naghatadgy sdaiss REVAMS QX THYLERLOPUPAPESS GRS O%npl es
obtained in the enbodiments. FIG 12 is a triangular conposition diagram
showi ng témptomednt pst i thedepubsdiratef O Fucdhpimexeon the -RRERERKI<ai n)
as the relationship between saturation magneti zation (Ms) and magnetic

ani sot r opye &0 eld ngHmgdiun lod s t tize sbept useoBedients idue o cbpliaatieon FI G
13 is a triangular conposition diagram show ng a conposition regi on where

t he magnedpeamhesh Bakitethei swbsopyte dagiagpyodict henszmpbespoevented.in
t he enbodi nents exceeds 3.0 and a conposition region where 4TCMs~Hk9r $i n of

t he sanme @@é@éﬁﬁ exsddagtdbfe boaubhicn apgsapblehawi.ng the conposition
dependence of the coercive force (Hc), magnetocrystalline anisotropy (

Hkgrain ) ~ andrgaini plriedenBantiégeiban thétabové tderomaphes iabinaitzad in

t he enmbodi nents. FIG 15 is a graph show ng the conposition dependence
magnetic filmcan be formedon a substrate by means of sputtering
using at least a composite target comprising Cr chips and Ge
chips placed thereon in case of carrying out the method
described above.

The present invention is characterized by disposing a
substrate in a film forming chamber, forming a metallic
underlayer on said substrate using a target for forming an
underlayer provided in said film forming chamber, and forming
a ferromagneticmetal magneticfilmonsaidmetallicunderlayer
in said film forming chamber using a target for forming a
ferromagnetic metal magnetic filmdisposed in the film forming
layer after forming themetallicunderlayer in case of carrying
out the method described above.

The present invention is characterized by a target for
forming amagnetic £ilm, consistingessentiallyof cobalt (Co),
chromium (Cr) and germanium (Ge), the composition of said
target being represented by the general formula: CoyxCryGe.

where x, yand z, which represent the compositionratio, satisfy

the relationships: 78 = x < 87, 2.5 = y < 25, 2 = z & 15,



of the noise ) output signal and S/N ratio of the sanples obtained in the
enbodi nents. FIG 16 is a graph showing the results of the ratio of the
nmeasurenent results of the grain size (GDTEM by nmeans of a transm ssion
type el ectron mcroscope (TEM phot ograph of 20 a ferromagnetic netal
magnetic filmof the sanples obtained in the enbodinents to the grain size
( GDact ) in case of magnetization reversal. FIG 17 is a graph show ng the
bi as vol tage dependence of the coercive force (Hc) in_th,e sanples ohtained

in the endB@i ¥ent¥. +FEG 180 §Pxoyidnf sHRAF Y- tRe BP9sZvEPPEGE Heherince
of coercive force squareness ratio (S*) in the sanples obtained in the
enbodi mencemppisd t 1@n | sahigc Aamdte R EpaEeMi€ Flew showi ng a conventi onal
hard di sk as an exanple of a magnetic recording medium FIG 20 is a

di agr am show ngTaepates¢ntednvaraticnr dst wapicherdFeshtimnihatarshid sk
as an exanple of a magnetic recordi ng medium BEST MODE FOR CARRYI NG OUT
THE | NVENEbN 91 # i @hirof 1 6hea pi e¥lieustiedeataitien intkgr @ndE &hE @Esent

i nventors have carried out intensive studies on
2.5 =<y =13, 2.5 = z = 14, and x + y + z = 100.

The present invention is characterized by a target for
formingamagneticfilm, consisting essentiglly of cobalt (Co),
chromium (Cr), germanium (Ge), and an element T (T represents
one or more of the elements Ta, Si, Nb, B, Ni and Pt), the
composition of said target being represented by the genéral
formula: (CoxCryGe;)ioo-cTe
where x, y, z and c, which represent the composition ratio,
satisfy the relationships: 60 = x = 87, 2.5 = y = 25, 2 =
z = 15, ¢c = 20, and x + y + z = 100 (provided that x, y, z,
and c represent the composition ratio in terms of atomic %).

Using a target with such a composition, a ferromagnetic
metal magnetic filmhaving excellent magnetic characteristics
with the composition described above can be obtained by means
of a £film forming method such as sputtering.

In the present invention, said composition ratio can
preferably satisfy the relationships: 73 =S x=187,2.55 vy
< 13, and 2.5 = z = 14.

According to the target with such a composition within
the above range, the relationship 4 TMs/H,9"* = 1.0, which

is the condition required to obtain a high normalized coercive



magnetic materials and recently obtained the followng results. Thus , the
present invention has been conpl eted based on these results. W have

al ready reported in the following literature ( "Physics of Hi gh Density
Recording Thin Fil m Medi a Establ i shed Hﬁ Utra C ean Sputtering Processes”
by M Takahashi and H. 21 Shoji, J. Magn. Magn. Mater, 193 (1999) 44-51)
in March, 1999 that reduction of the intergranular interaction of grains
constituting a nagnetichiIn) whi ch serves as a recording |layer 55, and
reduct i orf agfce heHE/BRT AT dkeds P 035 20HRBREE ¢ ¥5 | FieGREeInditdhEnmpkingy

i nprovi ng the recording/reproduction characteristics in the above nagnetic
recor di ng trgb simible Fur thosrmoz onaghe tisl (regovgdingt mgdddn PRI 4ppaLgent
fromthe present inventors' recent study. That is, there arises the problem
t hat nagreti fethamacdeetsti canstizh asnagmeticzatfbhm¢rerdnepl has a
magneti zati on) recorded on the magnetic filmdrastically varies over tine

due to refdeaestrfs Bl Nse HAHel eI} i (RI%>1e oragned ix flio°mergaesed by
the reduction of the filmthickness of the nagnetic filmwhich constitutes

the recorfdidgal 8%eha2S tHEWRA Y1yt Bea® lieS nidin®f 06| eRutrhait dieg tdEsagi tation
is likely to exert an effect . The contents of this study have already been

published in theditesakuke 1963614 Hod AB9VBe ORalthe teasi se@f ihhenaentent s
of the publication of the results of the study, the present inventors have

found th i [ f W' tignipabkesaiko e frded gon
t he mgng{qﬁé%ﬁéﬁggg%g% &é}(ft [&g) I'ncr e%ﬁééat%gerlgcgrd%ﬁéhdgggi teg&gn thg

magnetic fi efin (R hC QQ%{' e e i C
film has % As%lﬁlggl %atﬁk gg%%ctl%#%?én%ﬂga}e?gt ?8 : éerH'pjér e%%%toigﬁegﬁeor S
di scl osed in_National |4, cation 22..PCT{ JP94/ 0 h LC+fil m
consti tut‘?‘%ngt}t"ﬁeegS(I:K‘ct)arn?loérolg'i"?ay%rg3 ggdi g\]bp'r egfr}]ac?a fy%%’q%g?eeﬁ%@%gﬁng \F\/&iech
has a high coercgive force. ( He.). and high gnet i,c _ani sot ropy..fi .
Hkg=ai n )c%fﬂﬂoﬁFg;&%sr%th‘grﬁﬁﬁ#z&ge&eé%%i'{E/rg' Sr('?eaofm&% %rg%%gggo&f
realize a nmagnetic recaordjng nmediumfor high-density recording having
excelIents?%%o?&PH§¥VéﬁFdH%g?ion characteristics and that a recording
medi um havi ng such magnetic characteristics can be naqg b using an ultra
cl ean process. PReFPekad fheipeeferh *RVLREALCI Y2 0RT Steriged
Hc/ Hk9rain ) ~ refers to a value obtained by dividing the coercive force He
by the meRjnatterdptstR¥ SoFming apynekdr hly. Fonhks hiamrssenthally
magnetic filmand neans the degree of the nmagnetic isolation of the grains
of the mefardkait| (€o A repondpmal F¥dd e8EMEMIAY §GEI ( AEA PReRBEAENS! t he
magnetic filmnmeans that the magnetic interaction of each of the grains
whi ch corBt i tTit erehresegrict iand idmmnare wertdee ¢ herenysnliRi A5G Blpoddiebl e
to realize a high coercive force. For exanple, if fine grains of Co are
di sper sedccompbkd ttiext wfe sal @ tGoebabedngngepriesenteqd by thecgnspdéded
desirable to magnetically isolate each of the Co grains and to | ower the
magnet i ¢ fotsndet:i dCdhE€rweenPthkicca:"§r'at ns. The sane publication discloses
that the above ultra clean process nakes it possible to forma nagnetic
recor di ngwhedewn) yt,i x| 2 ,ngndaghetwhiath oepressrsiathe composh tilen vayden
concentration of a nmetallic underlayer and/or a ferronmagnetic

satisfy the relationships: 45 = x = 87, 2.5 = y = 25, 2 =

z < 15, 2 S v = 25, and 1 £ ¢c' £ 12 (provided that x, v,
z, v, and c¢' represent the composition ratio in terms of
atomic %).

The target may also have a composition ratio satisfying
the relationships: 82 = x = 87, 2.5 = y = 13, and 2.5 = z

= 14.




23 netal layer is 100 ppm by weight or less , and that filmformng
conditions of the ultra clean process for form ng such a magnetic recordi ng
- medium and filmformng conditions of ai conventional general process differ
in the follow ng point . Conparing the £ | ' m for i ng conditions of the ultra
cl ean process with those of a conventional general process , the back
pressure of a filmformng chanber is in the order of 10-9 Torr (10-~ Pa)
in case of the ultra clean process, whereas, the back pressure of a film
fornm ng chanberIt smay aRsocodgera cfaqget . Tyheneyn.-g. P%(?‘lﬁli’ CHREBFERLS
conventional general filmformng process . Furthernore, an Ar gas used in
the for mat icommds atibhnratidCofrB( uls ri adiaeic & gghmoae ‘apnG Iaaagpé‘&ﬁ Ar"
having an inpurity concentration of 100 ppt or less ) and preferably 10 ppb
or less ot negseinf caselldandcréanspBocess , whereas, the Ar gas is
normal - Ar (having an inpurity concentration of 1 ppmor nore ) in the case
of a conventionge fidgéomiP@alFotes: aNaalarabf Appl ivieicbrréiiliéseR8s /
01092 filed by the present inventors discloses that a high normalized
coerci ve {198 ¢Ripdli Highat At oWt @a, 8B Va LRI €T horabhaidned tyminabl i ng
the rel ationship between the saturation nmagnetization (M) and nagnetic
ani sot r oy, f{ Bk Q=ai )rof jLhegmagnetic film which constitutes the
recor di nga(lf a%lg%gS%%( %Fgl(ga’%i sf§/ the relationship 4 TCMs/Hk9rain s 1 . O
wi t hout dependi i | Pasl SRP¥Si €1 bh il t1ed thabbave
magneti c nedi ur#%ﬁ?gﬁaggt ?éf%'jl ggg?%gc Gi‘égih‘f& at'i onisfli p 4 TCvs/Hkgrain < 1.0
is formed by usi an_ultra clean pr teeenat ogy Ai s i i onal
Appl i,cati%%xﬁﬁ/\]  5¢184-°R Jf%e"‘%ﬁgsrsééhre (gPh;!/is“ldg's gbqﬁghi%eﬁitety

Recording Thin, Fi |l m Mdi.a abl jsh ULt u i ses"
by M TalGRRER ARt FoiobRagh Tk T eRtr R REEET Y FRITRT
present inventors,,qade it _clear, in March, 1999 t rs kG f the
nmagneti c ﬂ‘?ﬁﬁf‘%i CEE&‘:SOC&L%S%E Mot héﬁe%?cgfeaheé%‘;gﬁ'ﬁsﬁﬁ?é'hq:dggﬁgg?)tl%t e
the magnetic film and an influence of &hermal agi.tation ds I&Iégl %eltq £xert
in ef fecttaf®TRAMAIRGLLC BECATIARG BeRAPT T OMRIAEIES §t T T PRETRRITSSt r opy
(K'"9=ain) of the magnetic filmcauses a snaller cha jn_the remanent
nmagnet i zar¢baloPaOnE e Fokm s Sas d"%&?ﬁﬂﬁfyé{%éio:\‘n?h%nlso ropy
magnet ocrystal | i ne ani sotropy 6( K~9rain) of a Co-based alloy film which is
wi del y usél.%8%) negnkt bc>f i1 iers @wnvail i dhap hagndtieEhatsy dFhgPhsdi um
was about 1.3 X 106 erg/cnB in the case of a CoNCr alloy film while it is
about 1. 4mxgned ier hamgatherhetdgse

The magnetic recording device of the present invention
is characterized by comprising the above magnetic recording
medium, a driving section for driving said magnetic recording
medium, a magnetic head, and a moving means for moving said
magnetic head relatively to said magnetic recording medium.

Since the magnetic recording device comprises the
above-described magnetic recording medium having excellent
magnetic characteristics, it is possible to provide an
excellent magnetic recording device which can accommodate
increases of the recording density and has a great resistance

to thermal agitation, and which also has a low medium noise



of a CoCrTa alloy film The present inventors reported in the literature
descri bed bel ow on October, 1997 that a magnetocrystalline anisotropy (
Kugrain ) of about 2 . 5 X 106 erg/cn8 gan be obtained in case of a
CoCrTaPt alloy filmforned by the uItré cl ean process, which has recently
been devel oped) and this val ue 25 has the highest in thermal stability of
a conventional Co-based material. However, it is assunmed that, with such a
mat eri al conposition, the normalized coercive force (Hc/Hkg=ain) is small,
such as 6nd Fan gmhance the BiIRAL oPUEREYmagnet ocrystal I i ne ani sotropy (
Kug=81n ) is sonewhat |arge and the nmediumnoise is snall. The reference
referred to abBhe meoostire rBFAreing SAYASE OTRERS: BF RS I AR N GECR N a
Cl ean Atnosphere ( Magnetic Anisotropy and Fine Structure), Takahashi

| abor at oy, cddrackekigdd iHar thiato tHeT StemAro §ucdde nYGeF MURR, of rekid
SHQJI, Digest of the 21st Annual Conference of the Japan Applied Magnetics
Soci ety Mmh@HAtipltbad Thenpietentofi v eagrest tonse dés temae effetzetypet he
magneti zati on pattern to be recorded on the nagnetic filmis further
reduced wialgheti ¢ n€é1emeati.n the recording density and a nagnetic filmis
requi red which does not undergo a | arge change of the magnetic

characteri sti c$i6d) tae hegReailc Ae@ds! & zadp Ovdaveson seceden bf winkcki ze

of grains which constitute the magnetic filmis further reduced by reducing

the fil mddHLkeess o4 mbleg SR ekisG Sidide BE FRACOIYPEaiLgRdt ic element,
accommodate the increases of the recording density of the
magnetic recording medium and can also réad fine magnetic
information, it is possible to provide an excellent magnetic
recording device which can accommodate increases of the
recording density and has a dreat resistance to thermal

agitation, andwhich alsohas a lowmedium noise and can enhance

the signal output.

BRIEF DESCRIPTION OF THE DRAWINGS
, FIG. 1 is a cross-sectional view of a magnetic recording
medium of the first embodiment according to the present
invention.

FIG. 2 is a triangular composition diagram showing a
composition region A where both the characteristics of the
relationship 4 TMs/H,%"*" = 1.0 and the characteristics of the
relationship K,%2" = 1.5 X 10° erg are obtained and a

composition region B where both the characteristics of the

relationship 4 TMs/H,9 2" =< 1,0 and the characteristics of the |



i ncrease of the recording density, that is, a magnetic filmis required
whi ch suppressesthermal agitation, thereby making it possible to thermally
stabilize the nagnetic characteristics. 26 In other words, the present
inventors consider that it is required 180 devel op a magnetic recording
medi um whi ch has 4 TCMs~Hk9=ain ~ as an indication of the magnetic grain
si ze and magni tude of the nmagnetostatic interaction, of 1 or |ess and al so
has a hi gh nagnetocrystall iine , ani sot ropy as . conpared with a conventional
medi um Hedgr eerAhipnKefit"0f sSh@0 cdr Ailedcaut eFar eFer ohtianed oknt Heepasi s
of the background described above. As a result, the present inventors been
the firstrespeativet eampdies oktatnedniaf thee embedgmandiSar i nt eracti on,
suppression of the magnetostatic interaction, grain refinenent, the
rel ati onship batm®een3the angretplc showingi chreessonpds isiemeerr@entce fl ux
density, and the relationship between the magnetic grain size and
rel axat i e e malge d tROE ¥ 808 139 nad anidext 06 py 116, °0E Vel nprisatrexfpeat eveal s
in order to devel op a magnetic recordi ng medi um whi ch can acconmodat e
ul tra-hi ghafienest bBtadinet | Byetnéasfboe@iiedrgst) to 1000 Gb/inz in "Physics
of High Density Recording Thin Film Media Established by Utra C ean
Sputtering Progegsesy By M glaé(}ﬁhaéﬂbwiﬁé HneSheyrhp od 4 tVeRGN.ddpamd e vaker ,
193 ( 1999 ) , 44-51, published on February) 1999, or Applied Physics, Vol.
68) No. 2 P - gra]l.gg i i Febr 9 : r 4 )
the ter md‘i; egt]j{g?%syr}flg"of thgnl n eég?ggg’leac{rhi\ﬁ%ergggl il(j)e%? cr’té erlg%?g JJgﬁntﬂrlgl of
t he val ue Og?&{'r%eﬂ? ve-descri bed normalized coercive force in which the
0

27 coerciei/"é rce (HC) was normalized by the nmagnetic anisotropy field

Hg9rain of the ins and it j,s n S th rGisve, f ; .3 or
nore and pref erpg{)?y, §i t SeXc st selbfggg.é %%és{%]g%%% f?%ggn?&re? c%%‘g‘l?hg? tghat
an ideal structure in these kinds of magnetic fil. .S a t wher elen
many fine’$ ePPIRSHTRT CSBPgitr?srjeﬂ% A& ﬁgjtel c%‘of?é TISEEI%I?%dp %dg}cﬁzo%mnagﬁeti c
| ayer having a proper thickness and _di spersed. t hough the larger the
nor mal i z@a‘g&’e? i\?g f‘l?r%fé‘?tlr‘ﬁerﬁgf’f:&;,nsfﬁ%e‘ﬁ’o? r’r‘ﬁ*i Egﬁ & tebrc'cclll\/rf(%ele‘ Tte is
about 0.3 in case of a CoCrTa magnetic thin filmused at present % V\,Eile it
is smaller tharF B3 § AScaHiaf GF (ot TaPE ARGV L EY APRYAN L RXFBRE S
herein, the term "suppression of the nmagnetostatic,
i Nt eract i 9f" PefBRERBSAE FGFAFEAS I oRAVEFEN FCAOTELIRG HRoteFn Bresent o
and the value of the normalized coercive force can be controlled to 0.35 or
more by stevenyied-this condition. The present inventors have nade it clear
inthe literature described above that the nornalized coercive force is
| onered with theIEedutsiaanlanarinregaifestionad vhewahewbpaameyasple
recordi ng mediumwherein ( 4 TCMs~Hk9rai n~ is about 1.5. The present
i nvent or sofiatbeamagnmibl ¢ shedordinge devigreat sihewtedar iFdéd dbove that grain
refinement of the magnetic filmis also inportant to | ower the noise of the
magnet i ¢ recor df bG. nedisum fmontheigw aihmwineg a schegfat bblgonbhgevatdédnto 10
nmor |less to do so.

of a sputtering device used to produce the magnetic recording

medium samples of the other embodiments.

FIG. 9 is a triangular composition diagram showing the
concentration dependence of Cr, Co and Ge on the magnetic
anisotropy field (H%*") of the ;amples obtained in the
embodiments.

FIG. 10 is a triangular composition diagram showing the

concentration dependence of Cr, Co and Ge on the saturation



28 As used herein, the term"relationship between the magnetic film

t hi ckness and remanent nagnetic flux density" nmeans to satisfy the
relationship : tBr < 50 G!-~. mwhere h denotes the filmthickness of a
magnetic filmand Br denotes the r emanent magnetic flux density. As used
herein, the term"rel ati onship between the magnetic grain size and

rel axation tinme" refers to such results that for a conventional CoCrTa
magnetic filmif the attenuation value over one year i.§ deternj.ned ﬁg t he
time dep@R@Riciprting Héﬁ&rfbﬁ]fchﬁa@wémlfét?‘Bﬁ,alf‘ﬁziaw & SO h2kT of
40 or nore is effective to suppress the thernal agitation (where v denotes
the vol une of FA& .maddnésia Lrhapgular RoppoIsibieR Hhagr encshayuhag; the
anisotropy field of a magnetic film K denotes Boltzmann's constant, and T
denot es mmmd&nmmaaiuma,dwménﬂewm§[nmﬁisﬁédirﬂ?hedWQerﬁﬁur@Rksﬁhﬁbed
above by the present inventors . Here, VKu9rein~ICT is an indication factor
of the degigee ©bcrpgheiilc emangyso tihepprdsiit' ") mihhersampiesfahkaippdt t he
attenuation of the remanent magneti zation drastically increases in one year
when t he jvaldee odmbbaimleemes fornmula is 40 or less. It is considered that

t he magnetization is directed towards a direction in which the energy of
the systemis #giyd mized safd: +hendunect compdaest Deh dbiyrameshdiwimg hheever,
due to the existence of thermal energy, relaxation of nagnetization over

the e”er%yorP@édﬁJ&E%tE‘a%UfaseﬁéH&QﬁéEi o2 Ik, @9 and GkabrStisaMa HAeTandi ng

to recent studi esby the present inventors, assumng that a requisite

rel axati Y %%%Ergi?%li%lﬁtsﬂ:gg v twe d S P4 tfat i bRamyghye 106 (i JHGMB Nahanust

be 1. 5 erg/cnez or nore, preferably about 2.0 X 106 erg/cnf? or nore,

mor e P elEl AbLY. B0RYI 0B exch X 40D £ 0007 gro 0L KD TBS!oBE BLAEADLY

about 3. so“that the relaxation tine exceeds about 108 s.
;BgvgontqHL§ éﬁgggg%e%t%g have been published in the literature described

FIG. 13 is a triangular composition diagram showing a
composition region where the magnetocrystalline anisotropy
(K,9%®'") of the samples obtained in the embodiments exceeds
3.0 and a composition region where 4 TMs /H,92'" of the same
samples less than 1.0.

FIG. 14 is a graph showing the composition dependence
of the coercive force (Hc), magnetocrystalline anisotropy
(Hx%*2'"), and saturation magnetization (Ms) of the samples
obtained in the embodiments.

FIG. 15 is a graph showing the composition dependeﬁce
of the noise, output signal andS/Nratio of the samples obtained
in the embodiments.

FIG. 16 is a graph showing the results of the ratio of

the measurement results of the grain size (GDrgy) by means of

a transmission type electron microscope (TEM) photograph of



However, at present no magnetic material which satisfies the respective

i ndi cations descri bed above with good bal ance has been known. Therefore,
the present inventors have intensivelygitudied magnetic materials to
satisfy these indications as nuch as pdSsible, thus conpleting the present
i nvention. The best node for carrying out the present invention will be
described in detail, but the present invention is not limted by these
enbodi ments. FIG 1 is a partial cross-sectional view of a structure of an
enbodi ne@t fRFGFANAIRCKAGBETAY MEAFHR FECHEULBNPET thRe SEIRIST AVRHREEN i s
applied to an HDD (hard disk) of a conputer, and the nmagnetic recording
medi um 6G.rof thei seebbddinennits hhe dhe r ge@dme @hEeh CRprilsekn acassst Plte 61
conprising a base 62 nade of a di sk-shaped non-nagnetic nmaterial and a

non- magnetagne tyeathdnf arevedrsoml t he base, and a ferromagnetic netal
magnetic film (magnetic recording layer) 65 and a 30 protective |ayer 66
| am nat ed on threrculst riad @ \Yraph netieking thdebliagevod4.adiéheld zemdencd
structure of the magnetic recording nedium 60 of this enbodi nent shown in
FIG 1 i%# hen8vsbegaioral f6ttuct{WE) of n aBhEDEasup 14t obh@ istedicinr eheny
have another internedi ate | ayer optionally forned between the base 62 and
the protegiddy&ihdnes.66 ., and may al so be a structure wherein a |ubricating
| ayer made of a fluororesin is formed on the protective |ayer 66, as a

matter of courserg! m&lG JgUPY showing the bias voltage dependence

of coercive force squareness ratio (S*) in the samples obtained
in the embodiments.

FIG. 19 is a schematic perspective view showing a
conventional hard disk as an example of a magnetic recording
medium.

FIG. 20isadiagramshowingapartial sectional structure
of aconventionalharddisk as an example of amagneticrecording

medium.

I BEST MODE FOR CARRYING OUT THE INVENTION

In light of the previously described background, the
present inventors have carried out intensive studies on
magneticmaterials and recentlyobtained the followingresults.
Thus, the present invention has been completed based on these
results.

We have already reported in the following literature
("Physics of HighDensity RecordingThinFilmMediaEstablished

by Ultra Clean Sputtering Processes” by M. Takahashi and H.



a partial cross-sectional structure of the magnetic recording nmedium60 is
shown, but the entire shape thereof is a disk shape which is the sane as
that of a conventional nagnetic recording nmedium 50 shown in FIG 19. The
magneti c recordi ng nedium 60 of this ekbodinent is a magnetic recording
medi um conprising a substrate 61 and a ferromagnetic netal magnetic film 65
formed on the substrate 61 via a netallic underlayer 64) the ferronmagnetic

metal magnetic film 65 being a CoCrGe tennﬂiéaglo na?netic filn10é ?
quar t er n&he 3 iguidraMpanse ¥aed y Matemi th i d k%17 n”a%‘n%}' I PdtaF haghd??c
filmobtained by adding the required elenments to the ternary alloy nmagnetic
film Thehmigmeeductdoor difigthedidheswrangharedfdraation ofe FFaiRAt
invention will be described in nore detail. (Substrate) The substrate 61 in
t he preserinsini/entiog a malgnedsic £fidm, wBicbxeeples ashosee obrdingdl dyer
coating the surf ace of a base 62 nade of al um num and all oys or oxides

t hereof , g5 t adndiMraadcaliloay odrtivxi fleimt hdriednesorofi bi magnegi@assilm
carbon , ceramic , plastic , resin and conposites thereof with a

non- magnei#e& 1 AdeEped saiee of oaidigirang khed rafcardnhgyirelprsdungt aohi | m
form ng net hod sucﬁ as sputtering nethod, deposition nmethod, or plating

met hod. IldndSaptehekals thntt NOnapegachiagreves Hecbeanrdy aedemssoface
of the substrate 61 is not nagnetized at high tenperature and has el ectric

conductivity a&%}féné&ﬁer%é}siérbé BE 86 dngMid B havis9ba cRmiPedpSaréage
hardness. A N-P filmfornmed by a plating nethod is preferable as the

non- mgneéé?crhf Eh 'ecémgt iabkss dese-gapdict idhsay . A Bhass istibsthake may

be used as e substrate 61 without formng the non-magnetic |ayer 63. In

fgsﬁsgg_ a%;‘;‘%%'git‘r%até Oézf%ﬁigho th '.Sl%alg%edc%@haﬂkx‘éé STAPEH SSURRIK a8 21

( _ e W a magneti c Fayer describe erelnarter, 1.e _

2e an axmAghe B AR i RSP Fahgdt IBRT IR ot s R EaeHr oy HAE O
WhiTe | CPAGREhCnEHRE FEFL SRV Y-S0/ Tt T RRe ot Pice BfmEHE"
magneti c recordi ng nmedium at a hei ght of about 0,1 a mor several tens of
nm In tHEGHERIRE . | PAtFRnEERETALY iqﬂﬂ?Wﬁﬁn%Fﬁﬁgﬁﬁﬁ%c ﬁ%ﬁaegabgbﬁge

reduction of the film thickness of the magnetic film which

constitutes the recording layer 55, namely, there is the

problem that thermal agitation is likely to exert an effect.

The contents of this study have already been published in the

literature described above.

On the basis of the contents of the publication of the
results of the study, the present inventors have found that
size reduction of the magnetization pattern to be recorded
on the magnetic film is required to increase the recording
density on the magnetic £film and refinement of the grains which
constitute the magnetic f£ilm has a significant effect on

thermal agitation.

The present inventors disclosed in National Application



32 of running while levitating magnetically at a height of about 10 nm has

al so been devel oped. Accordingly, the substrate 51 may preferably be a

. substrate wherein the evenness of the %rface or back surface, parallelism
bet ween t he obverse surface and reverseé4surface, the waviness of the

substrate in the circunferential direction, and the roughness of the

obverse surface and reverse surface are properly controlled. Wen the

substrate rotates and stops, the surface of the nmagnetic recordi ng_nedi um

and t hat P&T £ RR9 M@ﬂéﬁ%‘cﬁeacﬁ pasnsdiic faAn ceRyL “ttﬁnrgeE{aec‘{e‘f%g%éEﬁ

other ( Contact Start Stop, hereinafter referred to as "CSS" ) . To_cope

wi t h CSSlayeréhtis preifiegably egnagnsticed mephireh bagad hAsE R FR4VEn t he

surface of the substrate by polishing using a di anond slurry or tape,

t her eby tfopeeVdnt) shidchigh maghké iragnésiod rivax £die lsbhHalt i hyang adsoa

V-shaped texture is generally formed by scratching the top of a N -P

non- magneid€ a ayermaldivsidngor@bvasfuvecpapér 0 .8 cshawre nt@ cealirei enal

structure in FIG 20, a texture nay be formed on the surface of the

non- Nagnetd gnd 8yer ré3owader Pimdd ilini fot Nei gh - denwrie wirddvsd engadaveng.

There is also known a structure wherein a texture by neans of |aser

machi ni NGy de $EahteLed oWHaaMASY £&h Folieitlch h dEadte fi st @nid1gh@it an

uneven texture by neans of etching of a protective filmis forned in place

of a text 1 1B2HE a%him naY 1% JisHEN A Yt Ve Yhd AREt er IR iFPAN be
unevennesllsg(g\??ﬁla degldr eclzl1n shap:)Le djrnatsy be fac?lr med %n t he togrof tlhe

non- magnq&é' %Lwehsq_ﬁiyabrgr{pipygn 184N A dddigture, as a matter of course.

Al so there ecent een devel ope structure wherein a magnetic head

is on standby outsjde..a magneti cchreéctgéeg&ngpgﬂmﬁggggl%ﬁ%ﬂésﬂghgg@

system so that T heSEextUre cah also om

system (Netalld.cinderlayer) A netallic underl I, in.thiss
enbodi man&? Fude ,rFSF &X ﬂﬁ‘é?&&F %11?1 a%ﬂ]ng gtlﬁgihe%ﬁqpﬁ ?él%hgégee of
an all oy, _conbinpations with . W, T V.. F&unQl € I .. More
speci fi caﬁ‘?’;?‘,’eé{"(:li’%t%? IW“%&W%?%&/Fbgyéﬁwg% angl o %rar% §¥?Cd)"§llsar e
applied. C is particularly preferable becayse |t cause seqregatiqn
action orPh FRENSELGELGI ¥|’n§r6‘né3c’}% ‘f‘??ﬁ?Gﬁ‘t‘f‘es‘i‘?ﬁ’Bﬁﬁ ﬁ%r 3?%19‘?%8931;&8%
materials are wi dely used because they are mass-produced) and a sputtering
met hod arfes@laspesi oiforthfet $6a18Fe OfsddeadrdadRe L PmEfidi ng net hod. This
metal | ic underlayer 64 serves to pronote the grain (é&owth of..f he
ferronmagneti c ikt highagramaliredh cexrinat faxcski Hef Hasy nhghEt £8&t i on
of the ferromagnetic netal magnetic film65 is in a substrate |ongitudinal

di r ect i omaghet iics £ itlitemegar it ¥ dieee Magneiel g ubat eaee tigdyicfugaed of

direction increases when the ferromagnetic netal nagnetic film®e65 is
the grains which constitute the magnetic film is lowered,

thereby making it possible to realize a high coercive force.
For example, if fine grains of Co are dispersed in the texture
in a CoCr-based magnetic film, it is considered desirable to
magnetically isolate each of the Co grains and to lower the
magnetic interaction between the Co grains.

The same publication discloses that the aboveultraclean
process makes it possible to form a magnetic recording medium
utilizing magnetization reversal, in which the oxygen

concentration of ametallic underlayer and/or a ferromagnetic



formed on the nmetallic underl ayer 64. 34 When using a glass plate as the
substrate, a Ni-Al seed |ayer may be further fornmed under the netallic
underlayer. If the netallic underlayer_64 is formed of C, a filmformng
factor capable of controlling the crys? I1izability |nclude for exanple )
the surface configuration, surface state or surf ace tenperature of the
substrate, the gas pressure during the filmform ng) the bi as applied to
the substrate, and the thickness of the filmto be forne ﬁLEBfU the
coer ci veMmedradke 1@ ethé sf 1P PoRRB RSt WE LY P nhG RS %nfilﬂf‘ﬁ‘ﬁsf

hereinafter tends to increase in proportion to the filmthickness of C}

the surfzeadiougbnesofoftheeuiddiains eAlls PIPG9RS c£98 HAFMIRE iSHGheage of
the coercive force. However, it is required to reduce the levitation hei ght
of the mm;gnétibeadcbmdﬁngumsmiﬁacendffﬂ@@lﬁﬂﬁmime cevdddiiqn sre@f um as
much as possible in order to inprove the recording density. Accordingly, it
i s prefediaydwt Usfad Fehalddlc pruessaydt £ 6drmidetbe fodderiired pimh. makes
it possible to obtain a high coercive force regardless even if the film

thi ckness of thenpialhganedanmyermitd 8otidE tiofsed onegnbtra ckéah
magnetic |layer) As a kind of a magnetic film nmade of a ternary

ferromagngtd Se 84 hoYoh Wi 6@ngiddnii@st { bRallegenargnep o crlss| thagn@tkc

film6 5 used in this enbodinent , there can be used a magnetic fil m nade

of a magngtd &s@-LOoY e GPHESENt £6rRY nigherasnee Al 1kormlltdie OXEE¥CoZ 133
Torr (107 Pa) in case of the ultra clean process, whereas,
the back pressure of a film forming chamber is in the order
of 10”7 Torr (10'5 Pa) in case of a conventional general film
forming process. Furthermore, an Ar gas used in the formation
of a film is UC-Ar (ultra clean argon: Ar "ultra clean Ar”
having an impurity concentration of 100 ppt or less, and
preferably 10 ppb or less) in case of an ultra clean process,
whereas, the Ar gas is normal-Ar (having an impurity
concentration of 1 ppm or more) in the case of a conventional
film forming process.

National ApplicationPCT/JP97/01092filedby the present
inventors discloses that a high normalized coercive force
(Hc/H,%?*") of 0.35 or more can be obtained by enabling the
relationship between the saturation magnetization (Ms) and
magnetic anisotropy field (H,5"%*") of the magnetic £ilm, which
constitutes the recordinglayer 55, tosatisfy therelationship
4 TMs /H,92*" £ 1.0 without depending on the grain size of the

magnetic £ilm, and that a magnetic medium which satisfies the _



where x, y and z , which represent the conposition ratio ) satisfy the
relationships : 78 ~x 'C9 . 5, 2. 5~y ~25, 2~z ¢ 15, and x +y +
z = 100 (provided that x, y, and z repéifent the conposition ratio in terns
of atomc %. It is considered that thef®* magnetic material has a structure
in which a non-magnetic intergranular |ayer is formed around magnetic
grai ns which shows ferromagnetism and it is necessary to control the

mut ual di stance between nagneti c gfains to a proper_val ue by adjusting the
grain si zeebatiboshhignet TMyfBiTiE™ & 1b. Amisr flogmmed (Rygeeipgean ultra
intergranular interaction between the magnetic grains, and suppress the
magnet ost@t éani precasts dr‘tebéllv\kbﬁgwhéiﬁﬁgﬁéﬁdz idgy Aatstonpl hA?HEléérFﬁ&’} tion
wi thin the above range, it is possible to secure the relationship ( 4
TCMs/ Hkgretm/ JPe4Y 01184 ) which is the condition required to obtain a high
normal i zed coercive force (Hc/Hk9=ain~ of 0.35 or nore, w thout depending
on the grain size thet hetearatonegnet Poysdtcal ofadhigdh DdénséhtB5Resomdgng
conpositions within this range, the relationship (4 Ms/Hkg=81ln) < 1 . 0 can
be securepyigbtaingd mban at heseemioséiéan vyt iwlsaai sC1eant hepueltatiionshi ps
1 78 Sx 587 (2. 58Sy S14.5) and 3.5 Sz ~ 15. Wth the conpositions

Wi thin thergbau d«a"8e. M2 TREARRAGYEhaAlH | Fhei s I oG Kiaigm) Maftelk: 5 X
106 erg/cnB or nore can be obtained, thus naking it possible to provide a
magneti ¢ or qighyg yregj u i I3 @St t PRVRRIHL S$tidde it361Ranetie
character§§§iégg@%%rticu?%??y?mﬁﬁéﬁgzsing the CoCrGe alloy of the present
inventio f i td i )
usi ng tha BFERs £ B e e e B AR B e
ultra clean or %Cga%ign%?rferﬁ)?ofq?:?ﬁs ?55.5 .Pﬁ!\%ﬁ{[ 8 R%tlil e lthd Ra@n¥tic

5 6b a neta Fc fi 'm whi ch

possi bl e tarn i C magn real 1 zes the magnetic

characteristics_descri.bed above b S] I r.m

gener al cjf-)ﬁgf“t'i %ﬂg.aw& u%?ﬁ(g:et%% ﬁ%eélﬂg%%ggr% ?%‘:%8? a?gnli%}gée:???#%gﬁ%%
made of a, magnetic alloy represented_by th eneral .for.oul a: _CoX

where x, ¥and® ffc%hic%npeprgggﬁt t fe” BAPS Ffﬁbn ﬂﬁﬂ%ﬂgsafﬁsfg%ﬁﬁ?%
relationships: 82 ~ x S 87, 25 Sy S 13, 2. 5.8 C14 and x +.y +.z = 100
(provi ded"gHREtRCcRY Shalling t?%gyc&ﬁﬁggitfdﬁ”@%?omPﬁnféﬁﬁsﬁéim
atomc %, there can be provided an excellent magnetic fil mhaving a

magnet ocr G3REIES Fe SARSRT opYapRegLRi hBeoF eRaR el AR SR §F A8 1P hoPd  %hi ch
has never been reported in the case of using a conventional Co-based
ferromagntime-netal lic material, thus nmaking it possible to obtain a
magneti c recordi ng nedi um whi ch has nore excellent thermally stability. For
t he purpose of ErFafBlam@liche aco@xdimun Verlee 4 e dragn ohe fRYS&alddm on,
one or nore additive elenent T selected fromN, Pt, Ta and Si may be

appr opr i agshipodddenly (B 1'6)t hE asgoebased phlely EHidmbyd dbifodiidely As
the magnetic filmwherein these elenents are added) for exanple, there can
be used ausegnesi e mapgmerside fdflm ifrear cpagestti comal ahagnagiist reggording
essentially of Co, Cr, Ge, and an elenent T (T represents one or nore

el ement s Akdiam Ptwadiab&ut o3 a20d18 ,etdiecmdnposthieonaske & @ CoNiCr
ferromagnetic metal being represented by the general fornmula: CoxCryGezT~
where X, ¥1lsy Fih®, whith Lephaeseamiodtha conmpogids etrg/ain’o)insathesigadde
relationships : 80 ~x ~9 . 5, 2. 5SSy ~25, 2z S15, ¢~ 5, and x +
y + z = 18¢ @provdses dhabyXfimz and ¢ represent the conposition ratio in
terms of atomc %) . The conposition ratio of the ferromagnetic netal
magnetic film prgfler phlesesitt | Sfriwsntbesr etapoereld PIn 78he ~18teraturey -~
14.5, 3.5 ~z ~ 15, and 1 ~ ¢ 5 12, and nore preferably satisfies the

rel ati onsRigR%rifed oE18wd8n etoreP, “1¥9¢ iBatl & madnStdéryatd1a ké.
Speci fic conpositions include, for exanple, CoCrGeTa) CoCrGePt, CoCrGeB,

oo ot peniebtaSlg k B6b-GOCE GIERE By & RRGRELLE gh bhi d o Y S HRIAFEAD! Y

made of errona nmet conposition o e ferromagnetic neta

bei : d h FY ~th@OuTEka :
o110 SPARTFE 32, 4 EoRSaiAL Y CPGe sy honyr e

Yy, Z ) v, "and ¢ osition sati s
relati onsglrposc.es45' “whidh Ra¥ redently béen @eveloped, and this value



z~15, 2~v ~25, and1 ~c ' S 12 ( provided that x , 38y, z, v,
and c¢' represent the conposition ratio in terns of atomic %. In this

. conposition, the conposition ratio nayéistisfy the relationships : 78 ~ x C
95 . 5, 2. 5Syc 25, 2z ~ 15, 2 S25) and 1 Sc¢' S 12. In the
above conposition, .c', which represents the conposition ratio of B, is
preferably 1 atomic % or nore and 8 atomc %or less in the case that said
T is B, while c', which represents the conposition ratiq of Ta) isS

pr ef er abl j2s theohie st iRorkeERa 1S AR A t%hF & %%%Vﬁﬁttlﬁ’é‘ac]ag8 'h?a‘ie%ai d
T is Ta. In the conposition wthin the above range, c¢' , which represents
t he conposatevaadatio of B, is nore preferably 2 atomc %or nore and 8
atomc %or less in the case that said T' is B, while ¢c') which represents
t he conpositionHoakverof T&, is assamegdf shad.y wigbonsech, & maiterdwil 8
atomc %or less in the case that said T' is Ta. Mre specific conpositions
i ncl ude, Eemposargicen, €0 GePhaa i z6aC Ge PrBy eafidr CeHRPHIAE." ) (16 sovadake of
the recording density in magnetic recording nmedia) The magnetic recording
medi um 64giBhnt hes poesentevdweni ahd Svalakercl yha magyredtacresdadiliige

medi um (| ongi tudi nal magnetic recordi ng nedium capable of formng a
recordi ngaH&Q%ﬁ:"ﬂ@ﬁi(‘gﬂugP@l“fﬂ kgl sbRevha tf DlaMgelanar & hef mields dnemaiegnies | C
metal magnetic fil'm 65 described above. In the case of such a magnetic
recordi nggprdihun) the size of the recording 39 magneti zation nust be
reduced to 1 nprove the recording density. A reduction of the size of the
recor di ng magneki zati o5, AefEEASET e & CRKAUD dV X1 8f CoAGPE CORAE i In
magneti zation, to thereby decrease a regenerative signal output in the
et i REd e AC Rl ing Med Surf BBlCEn LI iR EbERHTE RRATRU LR

noi se whi ch's consi der ed, € cause fect of adjacent recording
magneti zatiqn. .(Coerciv prce.pof ferr gRetl 1] I e 4
magneti c HFé%&?%ﬁRNf?%ﬁdélﬂﬁg?gfﬁf%ﬁégﬁg|?%%ﬁﬁEggégfkéﬁ?%?%gfwhg%ﬁb =3 n~

and magnet ocr ' 1i ne ani so R Ln e

" coer Ci ve@g}@ﬁf #%?PS%&n&Wa%%to%gégP%ﬁ%f e?%r%)gﬁatsggdeﬂrlci ve
force of the magnetic recordi ng medium which is deternined froma 13
nmagnet i zaPR&® ur?e ﬁB&s&%ﬁfté%ﬁEP gngﬁﬁﬁ%ﬁ?ﬁgogaﬁa%a BBt SbRhe?
herei nafter abbreviated to "VSNQ%. As used herein, the term "nmagnetic

ani sot r opYaEng tik c sk PP aL ATt ¥r %7 ko Rh®3Appl i ed magnetic field at which a
rotation hysteresis |oss neasured by using a high-sensitivity torque
nmagnet onet er di?&ﬁxﬁﬁ%séBﬁpHﬂ%ﬂ%ﬁoqﬁe°€6éﬁﬂﬁﬁaFBPEe?%&i%%@ﬁePicthe

ani sotropy field are values nmeasured in the thin filmsurf ace in the case
of the nag@areatizabidhnpaf¢inmmteobef regiosdathOd Foe MASASS HC thilm is
ferromagnetic netal magnetic film65 is formed on the surface of the

subst r at e fuirt hdme netwted ovibhl & dparese Adtdhd Bgcos e St wandart h
theory, it is shown 40 that the normalized coercive force Hc~l-1kgrsin
beconmes 0a5niagroasicgfailms iay g espnipted evhighgdaiec a0y WRdRFEed 2 MALIQI ue
is an upper limt of the nornmalized coercive force. InJ . G. Zhu and H
N . Bertranangmubifal tbé ApgnetiPhydiazsacteristics such as remanent

magnetization over time even if the size of grains which
constitute the magnetic film is further reduced by reducing
the film thickness of the magnetic film, to accommodate an
increase of the recording density, that is, a magnetic film
is requiredwhich suppresses thermal agitation, therebymaking
it possible to thermally stabilize the magnetic

characteristics.



VOL .. 63, 1988 , pp . 3248 ( it is described that a high normalized
coercive force of the ferromagnetic netal magnetic filmlowers the nagnetic
interaction between the crystals which Qt%gnstitute the ferromagneti c netal
magnetic film thus nmaking it possible realize a high coercive force. As
used herein, the term"normalized coercive force: Hc~Hk9rain" is a val ue
obt ai ned by dividing the coercive force He by the nagnetic ani sotropy
field: Hk9rain of grains, and the present inventors have previousl .

publ i shed the flEttO%MaF YPFdsSvallie HESﬁ?Wthénd’eegWE%r%fc?ﬂglﬁﬁgnﬁ’i% it
isolation of grains , in "Magnetization Reversal Mechani sm Eval uated by

Rot at i onals et esst podevarapy 3i Baghe thih FagFd Maeimedi vl YRk TRRAHASH)
, T. SH MATSU, M SUEKANE, M M YAMJRA, K. YAMAGUCH and H TAKAHASHI, T.
SHI MATSU, 4 MMSUERANAE, abl ahl YARIRA t on YVAGUCH a gmelt He. gYANRSAKIze an@EE
TRANSACTI ONS ON MAGNETICS , VOL . 28 , 19 9 2 , p.3285. As used herein, the
term "t henamgbetider p£t ahlei ma gaeitss tapycKigt8irattien hohrleoantl eispv@amd on
refers to the nunerical value of a half of the product of the saturation
magnet i zadi 8 Ha¥ a)n 8GN MEPhHet b e rgBitaA Y Py afniied ot +pya s1compaxted widh

i ndi cation capable of judging that a magnetic recording 41 medi um havi ng

a |l arger yatygvehttitmdmanediGmani sotropy field Hkgrain is a thermally
stabl e magnetic recordi ng medi um because the thernmal agitation is

suppressed. By g yBY¥sedt dR%ENItRAL Hudded¥iDEait thetREeSERLdies
inventors have al ready reported (National Application PCT/JP97/01092) that

a nor ml i g6 KoY LY dPItif YadkgifothaBEEcaBNE 20BN Ned MacReaudeq Ta
magnetic Tilmis fornmed by using an ultra clean process and it is necessary
to satisf h e]e[all %\/L}/ r a : 04 Q@ athakn 4 he
nor mal i ze%h%oér%efgv%#orqzlge%l%o% e (%jr‘{?rgir]%, Sﬁ%resﬁo}r?dgl 'i@gg%egc?%r ciévgltf orce
of a CoCrTa.ferr.oma tJd,c ic fli . aﬁc'ﬁl% L

sputteri nﬂe%fsﬁ&(?nu%}gré%eeE{’glerg%%gﬁji%ﬂs”é%?%%&}% ‘val ue E%Fﬁ%‘;ﬂ tohfan
0.35 as far as the ferr netic metallic filmis.mad . - hase | oy,
and a val t@®of m(ang‘q—?_%?glgglc8lrf)n5\%§aﬁ%rlglny a %ﬂ%ﬁ?i cgcle%{/la uré@r\}vﬁi’chqg%ceeds
1. However, _there can be produced a nmagneti §.rec8§di 2(?’ medi urgt 60m ‘ﬁhincth

si mul t anebBLPY IPNRRR PR Gh TG RES; T & YBFEEE 238 G hEPRE AT
stabl e magnetic characteristics, by naking a ferromagnetic . netal magnetic
filme5 fPBEPELHS nBlPXCote BB 1LY 0y Rt ﬁl}%erEEr?&dsﬂ’%f P d R Y By %B’cﬁ/e or
a CoCrGeT or CoCrCGeT' alloy even_in case of using a conventional nethod

usi ng no BRERRALCIHHH it HHEPhRRE. TR aF TRt Hie cATE sEPE TS e A% 27
recordi ng nedi um 60 having excellent characterjstics can be produced b
form ng alpderopdgridts deveboppent REgREter 31 b5 W ERTL K E6MSIAR idn
descri bed above using an ultra clean process provided by the present.

i nvent or smagae téhaarms eo v iagnmedddmnwipt gdue pRgasGOMMe dat ¢ oRA§RérNE et al
magnetic film 65 by using a sputtering method will be descpibed bel ow.

( Sput t er i dgnsdtthcd) athe kewel aranginetfwemdd e bREMFIR/ HR° tite " RBYISIE Of
producing a ferromagnetic netal magnetic film 65 of the present invention

i ncl udes, ofdighdg 2i t ¥ Recoréingypeis Fdlre Madi anBisi@d Whehefrbw Ultina fi | m
is formed while a substrate 51 noves in front of a target , and a static

t ype sput Caeiamg Spetthodr ivigrerocastkeis! biyl M.i $akaehmsthi mndd stShajivhel e a
substrate 51 is fixed in front of a target. The carrier type sputtering

met hod of Mblaa .f Mager. Matadvantegdaen d pr 44 osluci pgbaikbed ost Febguac,
recordi ng nmedi um because of its good mass-producibility, while the static
type sput teniong getAwsh oédt Payisarde) vekesest, pessiZ) eppDs pradyce 199,
magneti ¢ recordi ng nmedi um havi ng excel | ent

recor di NgpHeRNAHES | DRCRabaakerl stdgsbecauset he inci dence angl e of
sputtering grains to the substrate 51 is stable. In the case of producing

the magnetic reg@f@égatﬁ%ym 6 Oft i ~PeRRfiN 1 bR h@N nt Be giRinAch T S

not limted to any o arrier type and static type nethods. As a film

formng dekiae SUIEH: 0L d 1 £5° 6Bl PUHUG avhRLEOTRANC e

met al magheti

above-described normalized coercive force in which the



43 sputtering method, a sputtering device having the structure shown in
FIG 5 be used as an exanple and this device will be described in the
enbodi ments descri bed hereinafter. (Ap@%(xuion of negative bias
to_substrate) As used herein, the term“‘application of a negative bias to a
substrate"” refers to application of a DC bias voltage to a substrate 51 in
the case that an underlayer 64 of & and a ferromagnetic netal nmagnetic
film®65 are formed as the magnetic recording?nquynl When. t he %gr onagnetic
metal nmadgReTeivel fvEse CHEdrvas narmel AppAyPRd BE FrdRGt HF & ‘P£588 to
the substrate 51 , a coercive force of the magnetic recordi ng nedi um can be
enhanced.f fkd dhfECT off thieegbran sappfli thtlisonegeseameihatotBexRe¥EdVEN
case of applying both layers tends to be larger than that in case of

appl yi ng flobtasbenloy. 3vten mowe oasdoprefefabhy. i & tnekseadsedesp -t hENBI as
application described above often exerts an effect on objects in the

vi cinity pfesbatsihsienticrs icensiflersubsitr ane idieggostimic enteinahiese
substrate holder. As a result, gases and dust generated in the atnosphere
in the vigindaty &f thegrbbstr atelmse likabhe. $vatausehardisadmanyagédoe
state where they are incorporated into the thin filmduring the formation

of the fit&rrbhagalvt i@k ggavaisi Ousrd i | Naphepardd Bby unssallatedheby a
application of a™bias to the substrate also has the foll ow ng probl ens.

44 (1) é%nLﬁagH@Mi%“fa§@rQQP¢Ypboaapfeﬁeﬁoﬂﬁwaﬂdé%éﬂgﬁﬂr&ﬂ@péﬁd@de
glass . ( The saturation magnetic flux density (Bs) of the forned

magneti c dgf}gﬁéug?ﬁgﬁ]ﬁy fag%pé{% nhb%ﬁ.'amt@e@%deqw@@fo(ré’e) thie betRegEESSary

to provi orm er wth a conplicated nmechani sm section

therein. () The,deqreq Bhelha APRLGAl 1GNaBbu? Bl 3514 C:dde SHasEbaLea S

i able to vary an as a res the magnetic characteristics o

et hod o paBTatHc sha A Y B ad MR hEa B kOl RES1CLNIhkn 2

nmet hod ¢ al ning the vari ous desife m properties wthou
copel oY AP0 RS L5 F3GHRRY haritad LRLI Bk fored by
As used herein, the term T"suppression of the
magnetostaticinteraction"referstosatisfyingthecondition
(4 TMs/H%2") < 1.0 and the value of the normalized coercive
force can be controlled to 0.35 or more by satisfying this
condition. The present inventors have made it clear in the
literature described above that the normalized coercive force
is lowered with the reduction of the grain size in the case
of a magnetic recording medium wherein (4 7T Ms /H,9%%!") is about
1.5,
The present inventors have also published in the
literature described above that grain refinement of the
magnetic film is also important to lower the noise of the

magnetic recording medium and the grain size is preferably

controlled to 10 nm or less to do so.



To the contrary, if the ferromagnetic nmetal magnetic filme65 is forned from
aternary alloy with the conposition described above or a CoCrGeT all oy,
. there is the advantage that a magnetic recordi ng nmedi um which
si mul t aneously has a high nornmalized c@8rcive force and thermal | y stable
magnetic characteristics, is easily obtained without especially applying a
negative bias to the substrate 51. Accordingly, the underlayer 64 and
ferromagnetic netal magnetic film 65 can also be forned on the substrate 51
in a non-bias $Satesedt hrEkeippl yihR) hekByatF LBl BhiR nedingh afbesy .
(U timte vacuum degree in case netal lic underl ayer 45 and/ or .
f er r omagmetgree hecaf i imghbticknfed snan® rerapentHapenetere flux|depgiEYvacuum
degree at which a nmetallic underlayer and/or a ferromagnetic netal nagnetic
filn havweedeer considevethasral &t lonkoriy ngBirac t5ar Gwhn etheras tadenotesence
on a value of the coercive force, depending on the material of the
f erromagnratd €inwi€hisREBelS &f Gindgné t iBasi heanh BN Siederyess thai remapent
ultimate vacuumdegree ( a . g . on an order within a range from10-6 to

10-" Tor mdgrd@rfct 214Q Atmibps a large effect especially in the case of a
Co- based magnetic material containing Ta in a ferromagnetic netal magnetic

film If the fe[dogagactisrathal #R@NLirh |t Lanbg ifoHdmp f bebwedrer Raky
CoCrCGe alloy with the above conposition, a magnetic recordi ng nedium which

si mul t a“%ﬁgﬁﬁxtﬁasg@am ah AWOLAR! 1285 aQ8H VembOr £&f 8pd ddghen Lyshakl e

magneti c racteristics, can be produced even if a magnetic filmis forned

08RO MRS vt begiid B e meREan Shyaie el O
, the f ti I i il m 6 f tahi j b
cour LS OFETRN, Gl BB e Ll Ao, o o

Surface t t f substrate.in th t hat A in |
il or T PP OIEORBEPE SuBEAN SEABEE B PRE OB 1 AU ol inereis OFhe

term "surface tenperature of a substrate .in case a ri;et aI.Iti o undeilg?éer
and/ or a MRFfohEgRECECTIV® HRt SPPREGSS it i tRFEFE YT &%t T2 a Y I'PR®
formng factor which has an effect. on the val ue of the c}?g;gin e_force
Wi t hout depiane hgschhe o HuPer PAl the PaEPETdGh T et A Xvmgnét REPPEER . As
far as the substrate is not damaged, a higher coercive force can be
real i zed ByefBranadicaanispefoRYhf §ReA §%r BaBE IEOET 1B, FaABBRTES t he
substrate refers to external changes such as warping ) swelling and .
cracki ng Bohh@amamnermaglonstioats 8nehT sdepesesatirén t@f’“Rﬁa’@%’%‘t‘Fﬁgvi BRigkd an
i ncrease of the anount of gas evolved. However, any heat treatnent nust be
gener al | ywgomitiel ghed n fihenlfigenatp e danerbbed ahevehnhihe BRafEET
thereof so as to attain a high surface tenperature of the substrate. This
heat treatmeahtioas t Htexé savalii"AYKThas gasdndhdation farter edfi fhehe
space in the vicinity of the substrate are incorporated into the thin film
duri ng t hée§peeabifomaghetthisc fédexrgyheThbypmekient viarvewtofs| hageofornmides
unstable. A high surface tenperature of the substrate al so has the
f ol | owi ngtpaeesrat tehuat hon ofaghetriemaniént magne i aakiiPhMArgabscrdtly i s
magneti zed. (2) Strain is produced in a substrate.

increases in one year when the value of the above formula is

40 or less.

It is considered that the magnetization is directed
towards a direction in which the energy of the system is
minimized and the direction does not vary over time, however,
due to the existence of thermal energy, relaxation of

magnetization over the energy barrier occurs stochastically



(3) It isdifficult for the substrate having a | ow thermal conductivity,
such as a substrate nade of glass, to increase or nmaintain its substrate
tenperature. Accordingly, there is demand for a nethod capabl e of obtaining
various desired 47 filmproperties evé® if the above heat treatnment is
not conducted or a heat treatnent at |ow tenperatures is conducted. (Surf
ace roughness of substrate, Ra) The surf ace roughness of the substrate, in
the present invention includes, for_exanple, the arithnetjical nean

devi at i orenf stratisticrRI)lHet HIRoEding tnrecand shndiameby e REessmy

di sk-shaped substrate is neasured. As a neasuring device for the surface

r oughnessiRaenftor ex argd sumIADITEP ameqghdstidrecde ba xRANICDAY L ORHEEBSON tCo.
can be enployed. In case the substrate starts to rotate while in a stopped
state, or16tepssHidieireda 11 kil 6F At ~11¢ mud £ aeel 06 Xhe ofegnet ¢m?
recordi ng nmedium and that of the magnetic head will contact each other and
W T slider(mE92 OPsFake@ably aboee bhe SWrfiate rQudhfessr Raoks,| alcaas . it
i s easier suppress stiction of the magnetic head and increase of the

coef fi ci eple @b a0 b@dutD  EhR qlghelr §28H2 brhsPet N SRS pLerbaapgached
a maxi mumrotating speed, the distance between the magnetic recording

medi um an ngt | eqads L.-B.~tRecleyitatl i he; pag i ad,
nmust be r%%gggd%t'gca% gﬁal %rg/\c/:a ugha\s{hégsgﬁ)él tei.%ll%}[earg %&e?l{ﬁ%eeg{%ﬁd&f t he
val ue of g‘?)autthQObe%t.erTh%C%%rrHﬂ y1tﬁegaé'fmrESV@'&aev@r@?énnbﬁbrm@h ue
of the surtface roughness of the substrate are appropriately determ ne

based on e ct,qr Lb n specification, required by the
magneti c Sr'gcgr%‘l %&ﬁ%ﬁ’?ﬁ%é ﬁ%g%l?—cg'\rbeeeia%%{)g,g'i f the levitation height of
the magnetic hegd is 24 ~.c inche IS Wt hi r f 10 Q.8 nm
Hovever ¢ the | BUTENETon kv bRE ot tdIe PasrR it Hed e bl Wha P Fat et £o
the surface of the net.i c. head, recocdi ng. jumfor_ a

recor di ngFPEp’FSﬁBEﬁr{gﬁ'% da’t‘f%‘fﬂ'?naf‘5?ﬁggﬁgggiefai@(?vﬁegétﬁgto%debﬁ&raence
reduced so as to further increase the recqording density. It is inportant to
make the B8Ff aR8eBf ¥P@&YRugnel PETREOH Y n&%dgﬁﬁsﬁ%tép"?&’t&r? o?‘r‘?é’é?
this requirenment, . For this reason , a substrate having a small surface

r oughnessiRkens isreter Shvdied caagmftic SAarihahst HeP sfoddshe hiese
smal | er surface roughness, a nethod capable of obtaining the various
desired fipRALHRIPIRST &S MYCHE PRSP BE el YhedtOPRYSLtEST ERnBIrEsSeRs i s
reduced to 1.5 nmor |less after formng a texture on a structure conpri sing
an Al subinvendimm a Ni-P |ayer formed on the Al substrate, and the Ra of
the Ni P/ Al substrate subjected to a special polishing treatnent can al so be
adj ust ed wi t hi nTher egt fmode0f6xt carry img ¢Toxthe myresert ndpventhon
texturing treatnment to which the substrate in the present invention is
conduct edwhyl berdeseamdlbed i Adgtaidecharti thle pukisemthd nveriotion ais mati cal
etching nethod, and a nmethod of physically form ng an uneven film In the
case of ahialidr@d oy athegesedodidmentdi ch is nost widely used as the
substrate of the magnetic recording nedium the nmethod of nechani cal
polishing is enpicyed.is &P dmotizXasndes-kkerddrmala vieiwad af structure
concentrically formng slight scratches on an (Ni-P) filmfornmed on the
surface obfaanakmbddiieéntoynédbinr at Malon e ias daordiApemeditmeioE alieasi ve
grains are adhered on the surface, against the surface of the rotating

substr at epre@ et $nfehtathn 2ba3Y Vee @t 4% HBDE( SLFBIAINEE) B cobnputerst at e
of being separated fromthe

and the magnetic recording medium 60 of this embodiment has
a structure which comprises a substrate 61 comprising a base
62 made of a disk-shaped non-magnetic material and a

non-magnetic layer 63 formed on the base, and a ferromagnetic

metal magnetic f£ilm (magnetic recording layer) 65 and a



tape. For the reasons described under the heading "Surface roughness of
substrate" ( a nethod capabl e of obtaining various desired filmproperties
may be appropriately enployed even if t above texturing treatnent is not
conducted or texture with smaller roughtiess is forned. (Target) As the
target used to produce the ferromagnetic netal magnetic film65 with the
conposition descri bed above) for exanple, there can be used a conposite
target wherein Cr chips an chi ps, Wi ch have a.desired size, are .placed
on 5 Co' GEECEAVERSOTEInaS TROA RHADh SHobB BERESARE The Pongr 1
possible to use a sintered target made by formng Co, O and Ge into
granul es Unégexiayerhé4granul es in the conposition ratio described above,
and sintering the mxture. It is also possible to use an alloy target with
t he conpositi orfhiedaniveat @8|HFUNERER 95 thedeagpediicoypRgrésnare e
There can be used a target made of an all oy consisting 50 essentially of
cobalt ( € ¢f, thlhroommbpdifent showngdpn&fiGm ¥ _Ge Yhe ttestogpdsittdlon of
the alloy being represented by the general fornmula : CoxCryGeZ where Xx, VY,
_z, and cstibicthrecpriesantHbbesoopadi thiron ghtuotusat insfy hdreer ehattheashi ps
1 718 ~x~9 .5, 2.55y~25(22z~15, and x +y + z = 100 (

provi ded iheérnediattnd aydsepEsethallg corped bieawaent ithe s 2 @nd
atomc In the alloy target, the conposition ratio nore preferably satisfies
the rel atiQashi-dsectdde DaeB8%6, 4nd mdy Yalso I¥e .a Btradtduze whereanS 14

It is also possible to use a target nmade of an all oy consisting

essentially) @bréedilnd CodyeehnadeUM @ )5 186EBRRBIsUR (i&)fomedadneltgyent T
(T represents one or nore of the elenents of Ta, Pt, Ni, Si, and B)) the

conposi ti9n, ek tthey e P Y 4£P erpE e by thgraanerah FalgUha only
CoxCryGeZT~ where x , ¥y, z , and ¢ , which represent the conposition ratio

, satisf yag%erﬁizaéiitdfgéaé%%géctgggﬁlﬁgtfr)%?:t%r%o% 'Ehé magnétdcorécorbing ~

5, and x + rovi , and ¢ Tepresent the

5, and x 35752 rded that .y} present e
above r argec B bt PPl BRR Bttty SHRRE R HRET At S o

8 SXxS géage %ﬁ%éﬁ<ig5thg §aﬁesa% ngkCOE g'conventional magnetic

recording medium 50 shown in FIG. 19.

The magnetic recording medium 60 of this embodiment is
a magnetic recording medium comprising a substrate 61 and a
ferromagnetic metal magnetic £film 65 formed on the substrate
61 via a metallic underlayer 64, the ferromagnetic metal
magnetic film 65 being a CoCrGe ternary alloy magnetic film
or a quarternary, quinary, sexanary or multiple ferromagnetic
metal magnetic £ilm obtained by adding the required elements
to the ternary alloy magnetic film.

The magnetic recording medium 60 as the embodiment of
the present invention will be described in more detail.

(Substrate)

The substrate 61 in the present invention includes, for



Mor e speC| fic conpositions include, for exanple, CoCrGeTa, CoCrCGePt,

CoCr GeB, CoCr GeTaPt, CoCrGeTaB, and 51 CoCrGeTaPtB. A magnetic filmis
preferably nmade of a ferromagnetic net all oy, a composition of the
ferromagnetic nmetal alloy being repres ed by the general fornula: (

CoXCryGezPt") | o00-~~T' ~~ where X, y, z , v ) and c¢' , which represent the
conposition ratio satisfy the relationshi ps : 45 ~x S9 . 5, 2. 5~y ~
25, 2Cz ~ 15, 2 ~v ~ 25, and c'~12(tprOV|de t hat g} e and
C' represTRAMPAE . SRRES tqtb'ﬁaPéFiioancP@rtﬁs“%f hg GhLrege Pﬁ €h as®

conposition within the above range, the conposition ratio mag Rref erably
satisfy tinedeepSt pdngHinm Znd alloys gr oxddes, thempos, titahigm and

25, and 2 ~ c¢' ¢ 12 . In the above conposition, c', which represents the
conposi t i @hloysi @roixmesstlpeeeefamy siibieanc 94 8fSnoPerBAA -8CAEBMIE % or
less if the element T' is B) while c¢', which represents the conposition

rati o of gdhasticpreéestialdng d:omp@mi:icté’/é theneos whth& noonine gweti¢ deyest t he

elenent T' is Ta. In the conposition within the above range, ¢’ , which
repr esent §3trheed € WP dhifFe reérit kiid Bf issmanes iplebeialy v £idmofidomliong
nore and 8 atomc %or less of the elenent T' is B, while ¢’ , which

repr esentje the aCPNPRSIS $ PRt LB IR Phe TR0, SdéPd SiRiehanebhyd? ait piiad i%hgor
nore and 8 atomic %or less if the element T' is Ta. Anong these ranges, B

is nore pretgpably within a range 52 from1l atomic %to 5 atomc% in
case the element T' is B. Mire specific is conpositions include , f or

example , CoCr GeptJa oG8 tRad LBk )%?-@Y.B.tc-rf'&yéy 6% Woithexd!&h a

conposition or a magnetlc filmthereof can exhibit the same characteristics

as those Let ggrrffe#grrggn%y cnsr[Fgg{rgegn%tf G d 1h8}OnadeiiiDed akowa.gnThat

is, reduc Ion e i.ntergranu Interaction nmakes it p055| ble to

si ta”eﬁ’“S'g S é S Wl ﬁéﬁi%g&ﬁ&?&%ﬁ%t@%% gl 8233 QasTONye and

to satisfy “PRe N I'n addition to

eponel ot b0, 2, {58 SRR ANEL IO Gae dIcehag MSPATER,POSR sr bt ol

a high naff& 0 si hul t aneousl'y ont r ol

the grain_size of the netic sto 10. nmor | ess These an
be used aforRe% &’Ygét pggglfn& H‘ieﬂ:gs‘ r‘?ﬁqgrPé‘ielfcle??;r] i A% p %%encg P%ghé%ﬁpcgm te
target descrl bed above., These all oys can ,he obt ai m _Xi. n w powder s
or ingot sEiAM WRighoSRteSAISS tREF S SPRG TP ti &lﬁ\%es ﬁl“‘)&sﬁcrxéah%lmrﬁ}' a
technol ogy such as arc nelting. These alloy targets can also be obtained in
the same nHEPdaésdEQGrFBBGtéE’G\Fé 6 1, Withaopt SRt REytREACRS™FO8 G i ng.

A magnetic filmw th the desired conposition, which has
layer 63.

In case of an application for to a disk, a
doughnut-disk-shaped substrate 61 is used. A substrate with
a magnetic layer described hereinafter, i.e. a magnetic
recording medium is used while rotating about a center of the
disk as an axis at a speed within a range from 3600 to 15000
rpm during the magnetic recording and reproduction. At this
time, a magnetic head runs while levitatingmagnetically above
the surface or back surface of the magnetic recording medium
at a height of about 0.1 um or several tens of nm. In the

case of lower magnetic levitation, a magnetic head capable



the characteristics described above, can be fornmed on a desired base (base
material) by sputtering these alloy target onto the base after nounting in
a sputtering device. As a matter of coggse, a ferromagnetic netal magnetic
53 filmw th the conposition described~above may be forned by applying
other filmform ng nmeans such as | aser deposition and ion beamfilm
formng, in addition to the sputtering nethod, using these alloy targets as
a material_ source. Enbodinents The follown gﬁgpdhgpnts furthe illu§trate
the pres&ft THRRERY o iie d&vaitatHae ’Pﬂ%nﬁltg@ ¥ eﬁt?8ﬁ9§‘§ ﬂ%ta}??}h ted
by these enbodi nents. In this enbodi nent, ferromagnetic netal magnetic
films madd g de@s GBlRQvbesndideee LAPeLonpositi ons were formed on a
substrate via a netallic underlayer nade of a & filmby using a sputtering
net hod. I n thatrazsedinghy .cobpesiguintsatencdti Mman oPke g detY wde cflanged
by sputtering after placing a predeterm ned nunber of C chips and Ge

chi ps, whiuds trnateavipeedénerine markrs ges ah theCourfaget ormhack|isupheeevacuum
degree of a chanber, in which the ferromagnetic nmetal nagnetic filmis
forned, yasr{ixelism bhewekdethef obeir skosny(f dde R )rears sie Divtaces
applied to the substrate when the netallic underlayer of C and

ferromagnatd fakaindls s18g1atd subshtMaieei hatedircunifdrse etbadidiand ct hohi, | m
was nmade by using a conposite target conprising Cr chips and Ge chips

pl aced onyfy Ghd FE8Ihne BOVEY efne2oBPEEEY b0 fMRId @t dITidigeBs 81 xedf haeget
made by m xing Co, & and Ge, or using separately a Co target, a Cr target
are properly controlled.

When the substrate rotates and stops, the surface of
the magnetic recording medium and that of the magnetic head
contact, and slide with respect to each other (Contact Start
Stop, hereinafter referred to as "CSS"). To cope with CSS,
concentric slight scratches (texture) are sometimes formed
on the surface of the substrate by polishing using a diamond
slurry or tape, thereby to prevent stiction of the magnetic
head on contacting.

Since a V-shaped texture 1is generally formed by
scratching the top of a Ni-P non-magnetic layer 53 using an
abrasive paper, as shown in a conventional structure in FIG.
20, a texture may be formed on the surface of the non-magnetic
layer 63 made of Ni-P in the structure of this embodiment.
There is also known a structure wherein a texture by means
of laser machining, a scattered uneven film texture by means

of sputtering or an uneven texture by means of etching of a

protective film is formed in place of a texture by means of



54 and a Ge target, or the other filmformng nethod such as | aser
deposition nethod or ion beamfilmform ng nethod may be used) as a matter
of course. FIG 5 is a schenmatic cross-gecti onal . view showi ng a DC
magnetron sputtering device used in thé production of nedia in this

enbodi nent. In the device shown in FIG. 5, 1 denotes a filmform ng
chanber, 2 denotes a cathode for formng a netallic underlayer disposed at
one side of the bottomof the filmform ng chanber 1‘1@(1 3 denotes a, cathode
for fornmrdiameefroheEREAtaReal FRESCIAEH oI VAP ARS SHHE! CHUEBF %t he
bottomof the filmformng chanber 1 , 4 denotes a first target nmade of Cr
for formshape man bectonted apethd FRBQE dihe RORAPRIPELLC 5 3Eebt 83 a
second target nade of Co for formng a netallic underlayer disposed on the
cat hode d®y @mmphopingnduGh ehspsrusivmepl ased DAtLeE §e)c/(ﬁfd‘“€%?get’}16°and 7
denote insul ating menbers for each cathode, 8 and 9 denote DC power sources
connect edndirdd hlae respeatilye waéhodisyelopeadd &l 1stzusttairer whesigiidl d8 f or
each cat hode, 12 denotes a shutter, 13 denotes a rotating neans of the
shutt er, plyfienotese £ 186 bttt diy blae ssifie heiagrist lenct esrdisghee dhus

hol der supporting neans, 16 denotes a rotating neans of the substrate

hol der syppaidi At §BaNEn1bA A€M Heathag HRansexthik elevaheslaohbeder,
19 denotes a Substrate 20 denotes an exhaust port , and 21 denotes a gas

i nl et POy ¢ d dat BRHCWHERA NG bkl & stk | mformng chanber 55 1
t _

is connected wth a punping neans 25 of an evacuating neans through an
exhaust port 20"%@%%% gﬂﬁ%&g&§eppssi ble to punp out the inside of the
er to a

filmform ng cha esli red degree of vacuum, degree . Furthernore

, the fil mfOfA";iﬂgqaitﬁge@g‘ggg&ﬁg%y;egewsegd il h s @ SULRLK tSHE L€, Vi a a

gas inlet port It possible to supply a gas such as Ar

gas or nif:)ro g%ng%af?i' lr}%lgtaanlée Hiﬂo?'fé)rtrﬂélgegﬁart&?ﬁst}le ddife Iorshfea Pioyhi ch

has been evice shown in F a rotating rmeans” 13 of
a shutter is dispgosed tq vertically.pigrce the nt of tt t he
filmfor rﬁ‘?‘f&b%ﬂﬁﬁﬁé’rﬂslw&ﬁ P‘? c ﬁp%%édGOfﬁ% ¢ At r?g%xﬁmsﬁgﬁ'gﬁ'salg%g%t s
the center of a shutter 12 , while a rotatin ans 1 a bst e

hol der sURRFLFAGte e (ENR PbLRYH 8 gﬁk"t %&g‘l‘%’lyy' [ﬁgq&it?lgyg n%gﬁi 8f the
top of the filmform ng chanber 1 and is conposed of a rotating axis which

supports §Hé Bhdo¥f axes ARRII®Rg nmenber 15 of a substrate hol der. The
shutter 12 is capable of nmaking an aperture 14 face towards a first target
4 on a cat hode QF ot & oRAFE4 ca lavchbnd PRETRE2B16n RECAPAGdet B HPURFS @
operation of the rotating means 13 of the shutter) and is al so capabl e of
maki ng a Sedseostdory eehded tor B rMAIPEtdSt MebAlt MAWehdle TR PAci ng
it toward the second target 5 on the cathode 3 by the rotating neans 16 of
t he substdeserhbleder heuppoafitar neafheThemedifditabhis ¥R PASRIT nYSeRe

magneti c recordi ng medi um of this enbodi ment are shown in Table 1.
' because they are mass-produced, and a sputtering method and

a deposition method are used as the £film forming method. This
metallic underlayer 64 serves to promote the grain growth of
the ferromagnetic metal magnetic film 65 so that an axis of
easy magnetization of the ferromagnetic metal magnetic £ilm
65 is in a substrate longitudinal direction, that is, the
coercive force in the substrate longitudinal direction
increases when the ferromagnetic metal magnetic film 65 is

formed on the metallic underlayer 64.



56 ms.~ ., 9 Filmform ng nethod Substrate material Substrate shape
Substrate surf ace condition Utimte vacuumdegree in filmform ng chanber
Process gas Inpurity concentration in ?r gas Ar gas pressure Hol di ng
tenperature of substrate surface Targe draterial DC magnetron sputtering
met hod A ass 8 mmsquare. No texture, Ra <1 nm5 X 10-6 Torr ( 665 X 10-6
Pa) Ar gas 110 ppb or less 10 niforr (13.3 Pa) 250C C, Co + (Cr, Ce) chips
Target dianeter Purity of target material Di stanﬁgsbet

. d
substrate PoweMNemhatide 1o HAHRPHEe IS Eﬂﬁggsg?;ﬁgrggékﬁggg of

filmformed 4 inches
layer may be further formed under the metallic underlayer.

If the metallic underlayer 64 is formed of Cr, a film
forming factor capable of controlling tpé crystallizability
include, for example, the surfaceconfiguration, surface state
or surface temperature of the substrate, the gas pressure
during the film forming, the bias applied to the substrate,
and the thickness of the film to be formed.

Although the coercivé force of the ferromagnetic metal
magnetic £ilm 65 described hereinafter tends to increase in
proportion to the £ilm thickness of Cr, the surface roughness
of themediumtends toincreasewith the increase of the coercive
force. However, it isrequired toreduce the levitationheight
of the magnetic head from the surface of the magnetic recording
medium as much as possible in order to improve the recording
density. Accordingly, it is preferfed to use a metallic
underlayer 64 made of a material which makes it possible to
obtain a high coercive force regardless even if the £film
thickness of the metallic underlayer 64 is small.

(Ferromagnetic metal magnetic layer)

As a kind of a magnetic film made of a ternary
ferromagnetic alloy, which constitutes the ferromagnetic
metal magnetic film 65 used in this embodiment, there can be
used a magnetic film made of a magnetic alloy represented by

the general formula: CoxCryGe.



3N (Cr), 3N (CoCrGe) 50 nm DC 200 W(Cr, CoCrGe) Not applied 100 nm( C )
, 30 nm( CoCrGe ) The nethod of producing the nmagnetic recordi ng nedi um
according to this enbodiment will be described belowin the sequence

i ndi cated by parenthesized nunbers. ( After setting a substrate 19 ,
whi ch had been subjected to a predeterm ned cl eaning process ( onto a
substrate holder 18 installed in the filmform ng chanber, the inside of
the filmform ng chanber 1 was punped out to a vacyum de e of

. P [ 57.5 X
10-6 Tor WhefFd¥ghy &R dek h¥FsChEPPTES Wt ARFUIPITRE Sty g%%l?hesgﬁbgFVat e
18 was di sposed above the target 4. The filmformng chamber 1 was kept at
the grourthgatehakabnshipg: The SubstTas -5 vlsd hdate®vizd ¢ e SufstFate
hol der 18 with heating means 17 , to keep the surface tenperature of the
substrat 6519 axtd 260+ (B)+ A& gak0 akpravidedcsdathrough RRfAs? iTRRTEHEAL 21
into the filmformng chanber 1 and the gas pressure was controlled to 10
mrorr by tmansomposindss fratigonnr dlelrgrs (ofmcatemdenk) -( 4 ) Predet erm ned
| evel s of DC power were supplied from

It is considered that the. magnetic material has a
structure inwhichanon-magneticintergranular layer is formed
around magnetic grains which shows ferromagnetism, and it is
necessary to control the mutual distance between magnetic
grains to a proper value by adjusting the grain size of the
magnetic grains to 10 nm or less, reduce the intergranular
interaction between the magnetic grains, and suppress the
magnetostatic interaction between the magnetic grains.

With the composition within the above range, it is
possibletosecuretherelationshrp(4nMs/Hﬁ”““)é 1.0, which
is the condition required to obtain a high normalized coercive
force (Hc/H,%*®") of 0.35 or more, without depending on the
grain size of the ferromagnetic metal magnetic £ilm 65. Among
compositions within this range, the relationship (4 7
Ms /H,%%%'") = 1.0 can be securely obtained when the composition
ratio satisfies the relationships: 78 = x = 87, 2.5 = y =
14.5, and 3.5 = z = 15.

With the compositions within the above range, a
magnetocrystalline anisotropy (K,%**") of 1.5 X 10° erg/cm®

or more can be obtained, thus making it possible to provide

a magnetic recording medium which also has thermally stable




a DC power source 8 to a cathode 2 and froma DC power source 9 to a
cathode 3 , and prelimnary sputtering was applied to the target 4 for
several mnutes. A shutter 12 was used bo mask the targets 4) 5 fromthe
substrate 19. (5) The shutter 12 was m3%ed by using rotating neans 13 so
that an aperture 14 of the shutter 12 was |ocated right above the target 4
(the arrangenent shown in FIG 5). Then the shutter 12 was operated to open
or close thereby to forma netallic underlayer made of Cr film 100 nmin
t hi ckness1aginahkc seB3rpgteriFtCH- ) After forming the nmetallic underlayer
the substrate 18 was noved by using rotating neans 16 so that the substrate
hol der 18 was [Peottiecutpghy .avber ngérrg%%@r% addioy PEnkhe ML SRRt er
12 was disposed to block the sight of the target 58 5 fromthe side of
t he substimatenfifof,t lhkesifienmomagnatndemmet shomwmghatEcGEigm €5 may The
shutter 12 was noved by using the rotating neans 13 so that the aperture 14
of the shhddicdd@ v&sulsdesj erhe ightrabolearhereecges BesTidibadheirmhtheer 12
was operated to open or close thereby to forma ferromagnetic netal
magnetic Bcalél{%ﬁ@dﬁdohr@.(:f Gwlvey, 36hemuilt tahickean phecess idges Thet
~conposition of the CoCrGe magnetic filmwas controlled by . adjusting the
nunber of, {Xe §hP3 13" 4% Chd PSePhsead qr tihe £Dsdapgekibiled Yo Abtain
formng the ferromagnetic netal nagnetic film the DC power |evels applied

to the calhqfes, 215 .3 WaGhtadCati iR 40K Ocht heeahy ek St t htaghethar ge.
(9) . The introduction of the gas into the filmform ng chanber 1 was stopped

and the s géég&gﬁg%ﬁeém@[flgg%r‘mcﬂﬁﬁB%ﬁﬁdus(i.njgoa)Ei&nﬂféfﬂgﬁlé PScHas

i ntroduced 1 h orm ng chanber 1 and, after the inner pressure of
the filmformn h er t he at nospheric pressure, the produced
sanpl e wa%néee% gﬁegggm %‘eéjfe?fgnggérm ng chanmber 1. Sanples nade in the
process descrihed above having dif RO imqan‘;sq ; 8 £0(h @8 hhlhe were
tested to neasﬂf%e?ﬁlgln%%%\e‘ﬁ geg gfrmgarcqe‘{e]érpg?i CS %zfﬁereo é){ﬁ/ using a v?brati ng

sanpl e magpnet oneter (VSM d_a _high-sensitivity r et . 59
FIG 2 isg% Pri’%ﬁ'n%ﬁ?gﬁ'cco?“ggg?t iroergra? sé%rrlg?n%s\rlp 'ﬁg’%cg#r%%g?tg ?onpﬁ%?%g “of
the resulti n'g respective sanples, FIG 3 is a triangular conposition

di agram TwF&:=he val ues of the nagnetocrystalline anisotropy (K'g=gin)

of the resulting respective sanples, and FIG 4 is _a.triangular ¢ sition
di agr am sHROF A& + KERAE ue' bk Clp TEPTES QRt FPI?Q‘F%‘?‘H%&I%IO@ Fagllos %\a?%g%ul ar
conposi tion di agram nmade based on the measurementS results of FI CiS 3 agd
Fig. 4. Scnplzelatticmslzinst y82he& rel St i8dhsH pB: =4 IMgrdm® = 2 =

14, and Xx + y + z = 100 (provided that x, y and z represent
the composition ratio in terms of atomic %), there can be
provided an excellent magnetic film having a
magnetocrystalline anisotropy (K,"*'") of 2.0 X 10° erg/cm’
or more, which has never been reported in the case of using
aconventionalCo-basedferromagneticmetallicmaterigl,thus
making it possible to obtain a magnetic recording medium which
has more excellent thermally stabi;ity.

For the purpose of enhancing the coercive force and
saturation magnetization, one or more additive element T

selected from Ni, Pt, Ta and Si may be appropriately added



S1. 0and ( K'9rsin) ~1 . 5 X 106 erg/cnB8 are shown by the synbol and
sanpl es which satisfy the relationships: 4TCVs/ Hkgrsin 1.0 and (Ku9rain) ~
2 X 106 erg/cnB are shown by the synbol ~O) and ot her sanples are shown by
the synbol Exanples of the conposition #atio of the sanples shown by the
synbol ~ are Co~eCrBGel,, , CoeoCrsCels , CoeoCrloCelo , and Co82Cr14 .
sties. s Exanples of the conposition ratio of the sanples shown by the
synbol ~ are Co82Cr13Ges , Co8zCr4Geld , Co83CrloGe~ Co83Cr~CGelo , CoasCrili
. sCGea . ®o.tleed@dnedsic . £ hesef-the e’ CFelRPS Lt 4IB~Cr 8Ge6
Coe~Cr~Ges , CoB~CrSCGee , and Co86Cr2. sCeii. s . The follow ng points were
made clear by the teesuagnettcr §dlim yheredn ithese edengniiscars agdefyen
using a CoCrGe alloy magnetic film which constitutes a ferromagnetic netal
magnet i ¢ £bFmextdmp tonphdietriconcah bee wsddyabsiagneepecefddmedndget pd a
gener al 60 formula CoxCryGeZ, where x, y and z satisfy the rel ationships
78 ~ X feBFfomadnettiSnetral4ondistBng &ssentialily odndox Gry Ge z andl0 0
( provided that x, y, and z represent the conposition ratio in terns of
atom ¢ % Jn(eh BN EhovpriY diies abhé qUe hbke igLdthént@ Pf, Tat, ipt made
possible to satisfy the relationshi.p 47CMs/ Hkg=81n < 1.0, which is the
condi ti onyEequisr egyd 0 gbgagh, a high normalized coercive force (Hc/ Hkgrain)
of 0 . 35 or nore wthout depending on the grain size of the ferromagnetic

metal magnetic L;,Em @mpbgﬂqtﬁno% MEgRat OfE ¥ blalddif f0i SRITLDY vleliudy 81n)

of 1.5 X 106 erg/cnB or nore, us making it possible to forma magnetic

recordi ngrgggie%rgnw&rbﬁl §Reh§%.ntet}ed’lna:llf$¥mﬁi§t?l %J,I&Qnééi $, Characteristics

inafilmformng space, an uPtimate vacuum degreé of whith is on the order
of 10-6 Torr . 2. Wen using a netic fil f SQV, T :
conposi ti BRESF &hi dn Fs P8 rgseﬁﬁgg%b;; Pﬁf%eﬁ?%gf%%ﬂnﬁﬁgagf& 3%«;:210
where x, y and z satisfy the relationships : X _~ 87, . 13 ,
3. 5 S z53tiffy Fhe Felgtiopships §0 péo@‘i %d‘%hét’ 2)5 §/§ %n% %5}/ 2
represent the conpositign ratio_in terns of atomc %) (.the regi on shown
by cr ossh§ chi 7g i F‘FG%. 5 )andix tsYpdséi bl &% (fﬁﬁcgﬂ’ad?gr?:bﬁggﬁ‘et i
metal nmagnetic film havi ng a' magnet ogr)_!LsatI | ine ani sotropy_( K" 9_:81{5 ) of
2 . 0 X 186PREq? GFPTASERE he \GRRPC HASIREVER tAQehD BHERE L AT 1 LC 3)
conventional Co-based material, thus making it possible to forma nmagnetic
61 recordi ng nedbeém GRMPP Sl Pt a’b?'?lexc‘égl ehite t e FRPIG 9T % ic
characteristics. Wien using a magnetic filmnmde of an alloy, the
conposi t i magafe i ciils prefesailad sati$tigenthel redehionsiwsy Ry =
where x, y, and z satisfy the relationships: 84 ~x S87, 2. 5~yc8. 5
~ z ~ 12 x and8X, +2y5+37 = <2004( 5pr Guisd&d gh&t 15, yamhd =repfeskht atd
conposition ratio in terns of atomc %) it is possible to forma
f er r omagnmbire petefleraghetsat fsfebarhagralabienstcigi$ etz = x = 95.5,
magnet ocrystal line anisotropy ( K'grain ) of 3.0 X 106 erg/cnB or nore,
t hus maki ngsi t=pgssi hi®, t». §0Em A Bagast iamd eccidisng nmedi um whi ch has
notably excellent thermally stable magnetic characteristics.

Specific compositions include, for example, CoCrGeTa,

CoCrGePt, CoCrGeB, CoCrGeTaPt, CoCrGeTaB, and CoCrGeTaPtB.
Amagnetic filmismore preferablymade of a ferromagnetic
metal, the composition of the ferromagnetic metal being
represented by the general formula: (CoxCryGe,Pty)i100-c'T ¢
wherex, vy, z, v, andc’, whichrepresent the compositionratio,
satisfy the relationships: 45 = x = 95.5, 2.5 = y = 25, 2

< z=<15, 2 =< v =25, and 1 = c' S 12 (provided that x,



As is apparent fromthe results 1 and 2, it is possible to produce a
magnetic filmcapable of providing excellent nmagnetic characteristics,

whi ch have never been obtained in a conyentional magnetic material) under
general sputtering filmform ng condi tP8ns wi t hout usi ng a special ultra

cl ean process with regard to a magnetic recordi ng nedi um conprising a
ternary CoCrGe filmwth the conposition described above as the
ferromagnetic nmetal magnetic film Wen using a CoCrGe ferromagnetic netal
magnet i c ¥i 1Zzm capdnd of peByraeRd ohe|dumRorhihen &adhia dt rgSefcetas
descri bed above under general sputtering filmformng conditions, it can be
expect ed atwomist a¥ h. noir thisl lcomposbRipngndiiec aiepasiEiost Tt 1y may
production using the ultra clean process provided previously by the present
i nvent or a4 Oy SREPLESawohdiiep above Eompdsi visars 0f2 BGEGy ®er 25pr 2par ed
by nelting and the value ( kOe ) of the nagnetic anisotropy field: Hkgrain
of each was,measys edy; Fhe, r€sylsts s{@ 1isted 2l oy, (Method of preparing

al | oy sanpl es) Sanples were prepared by cutting a material which was fornmed
by evacuating t1g, 8t XelQrfo V@ Lompkiftt XoA0- & Pa) whilctl | bepdebenarsc treti ng
in an Ar atnosphere into a di sk-shaped plate of about 0. 6 mm in thickness
(' subj ecffd}tgpégftgbﬁkrﬁltitoeotfoBQ 3@l pteIUrHDP 1 ree6MEBt 326 1NOPE 4RE one

hour, and repeating a transformation treatnent ( T ¢c~ ~ E ~, 10 hours )

until the ~ c rted i1y tdisse €hhePshiBhase 1.5 XD wasiaisgd,in
t he strugst uarﬁ; aﬁaﬁéfsggﬁg V%M was use%l In thg rj?easur ér?ent of Ms and)

furthernmore, the VSM 0 L.n e used
herein, ™ h(’é?%’gsﬁfgrﬁ%ﬁg&h% %&?@’z‘fﬁﬁw‘efé@ﬁﬁwﬁéﬁ% ﬁ?%?‘@%om
as a nethod of determ ning the neti ¢ .ani,;sat.r o i el.d jllzi the f
act thathJSe%BWHlSr%ePrdi"\‘o?reer earl?larg? g%ﬁﬁ\dﬁg %ifé{ h'gg?r%g%ét itgyaet iL%Ané‘Lﬂ/l{l:ﬁgfhe
har d-axi s has a,singul ari int in_the_magnetigc ani sptr | e in a
magnet i ¢ $AE2r T al *Ravitng §¥‘p§§ﬁ i‘f/%mﬁﬂfé%iléﬂ% n%b‘?lré%%cr%&gt %Rﬁ‘;née J<';1%|1!§_<01’r0py.
In the present invention) a neasuring nethod of applyin he SPD nethod to
a rragneltoi"z'atiUHiChGSr%Qﬁ%ﬁeﬁﬁésu.ﬁﬂé%l gff’"‘t?ﬁ"h‘&lt% %%Iﬁyll(c\/gﬁ(*SED et hoa) “was
used. Also in the neasurenent of magnetic characteristjics of the. above

ferromagriE¢ECRBPAY Radt@mMic 1§ 1985 TPEC aBfcti etamihty & +§%F Rkt Es

measured in the same nmanner. )
case that said T' is B, while c¢’', which represents the

composition ratio of Ta, is more preferably 2 atomic % or more
and 8 atomic % or less in the case that said T' is Ta.

More specific compositions include, for example,
CoCrGePtTa, CoCrGePtB, and CoCrGePtTaB.

(Increase of the recording density inmagnetic recording
media)

The magnetic recordingmedium 60 in the present invention
is preferably a magnetic recording medium (longitudinal
magnetic recording medium) capable of forming a recording
magnetizationparallel tothe filmsurface of the ferromagnetic
metal magnetic £ilm 65 described above. In the case of such

a magnetic recording medium, the size of the recording



The conposition and value (kGCe) of magnetic anisotropy field: Hk9=81n of
the resulting respective alloy sanples are listed bel ow CoeoCrsCGels ( 6 .
.7 kOe) , CoeoCrloGelo ( 7. 3 kCe) , Coe~Crll.sGes.s ( 8. 0 kCe ) ,
Coa3Cr~Gelo ( 10 . 3 kCe ) , CoesCrloG88 ( 8. 5 kOe ) , Co85Cr~CGeg ( 9 . 8
kCe ) , CoBSCrsCGelo ( 9. 5 kCe ) , Coe~CreGes ( 9 . 1 kCe ) , CoB~Cr~Geb (
9. 8kGCe ), CB~-CrsGB ( 10 . 4 kG ) , and CoesCr2, sGell. s (9.5 kQe).
These CoCrCGe all oy sanples exhibited a very high value of 8.0 kCe or nore
as a val medrkede}zot ivagmes t deaneducedfo LmpreVekDeLHarwRhn g Frbtint of
Cr is wthin a range fromO to 11.5 atomc ~ and the amount of C is within
a range from 3.25 redulclt BdwO £ HE side stDvitherrexonpiadomagnedt za®kbed di sk
drive ) device (magnetic recording device) of a conputer incorporated with
the mgneld¢re£606diRg UevkeySE Idesaf kedtlpmadonding hagaetrdgatien,
recording device 70 of this exanple, plural ( five in the exanple shown in

FIG . 7 yJdmgneltdeby eekdeaGdedi & dfbméfatigposElghala cahgnber imypeheasi ng
71 in the state of "being inserted into a spindle 73 alternatively with a

spacer 722 4hdP2Li Ngall tREBcRIIHPLY3 16 18] e i SPasesl further ahedtige 64
70 and a notor 74 for rotating the spindle is disposed outside the casing

/L, therghy {ntﬁgqigj}gg'oﬁlfiéﬁ%h&%ﬁpﬁetéé’ﬁs566%@' Pg e dzb i by theadyrestate

about the sp rotation axis 76 supported parallel to the spindle
73 by a hear] .S iﬁﬂl%ﬁq 51,48 1 t he magnetic recording nmedi um
60 in theoéaés(?ﬂazgf% I"ura ar%rs%eéngrtezat tlacnhed to the rotation axis 76 to
extend at the netic recordin ' i angd. il NRAd: 794 LS
attached to a tip st@aVes *&dch %wgﬁggg?ﬁ?‘#%ﬁ a a%g?gggu ar pl at e- shaped

magnetic anisotropy field: H,%*'", normalized coercive force:
Hc/H %", and magnetocrystalline anisotropy: K.%**'")

Asused herein, the term "coercive force of ferromagnetic
metallic layer: Hc” refers to a coercive force of the magnetic
recordingmediumwhichis determined fromamagnetizationcurve
measured byusingavibrating sample magnetometer (hereinafter
abbreviated to "VSM").

As used herein, the term "magnetic anisotropy field:
H,921"" refers to an applied magnetic field at which a rotation
hysteresis loss measured by using a high-sensitivity torque
magnetometer disappears completely. The coercive force and
magnetic anisotropy field are values measured in the thin film
surface in the case of the magnetic recording medium 60 of
this embodiment wherein the ferromagnetic metal magnetic £ilm
65 is formed on the surface of the substrate via the metallic

underlayer 64.

According to the Stoner-Wohlfarth theory, it is shown



| oad arm The magnetic head 79 is conposed of a thin filmtype nmagnetic
head, or a M G type nmagneti c head, or a dual type magnetic head el enent
obtained by integrating a MG type mag%ti c head elenent with a read-only
magnet oresi stive type nmagnetic el enent,*¥and a slider, and this slider is

el astically supported by a ginbal nenber disposed at the tip side of the

| oad arm The magnetic head 79 noves to an arbitrary position on the
magneti c recording medium 60 with the nmopvenent of tglggins:g r}%ggrm 7. ln the
magnet i ¢ thadortdiapoEmpdd Zas \Gaer ¢ hEeabOFE s difstinict | o e RIGS Y- AedRet i c
information can be witten in the magnetic recordi ng nedium 60 by rotating
the nagneise gredndi ageneainpies@lnmmadng tirakw df atkat ¢¢ - andPAS\W ALY Ehe
magneti c head 79 to an arbitrary position on the magnetic recordi ng nmedi um
60, therely dm appeéy Iagrdt ichitibe gensedtieed @%eBGivee figFfifeti c head 79
to the ferromagnetic netal magnetic film (magnetic recording |ayer) 65
formed on the magneld.czhecidHNoN mBdintmd&n, JAwmahefnsppétied Bhyoiadti on
can be read by noving the swing arm 77 and noving the nagnetic head 79 to
an ar bi t g1y, BASi 1be8 ,0ppt he2 sBgNEt iies aeeerdivegl migitue Dgh trvermedyi zed
detect | eakage magnetic field fromthe ferromagnetic netal magnetic film

(magnet i ¢ &Co1 b Sy Yo e HribRagawiald meteondigng v EulmeDowe kst he
ferromagnetic nmetal magnetic film (magnetic recording |ayer) 65 has

excel | enttrd[@gggh%ctriyémltleiﬂyc@mﬁ%tertqwe:@%h@eéfyiskaad@@ﬁyenidbﬁ@eiﬁase of

reading and witing nmagnetic information, thermal agitation of the

ferr Or’ragq%hi‘ %e@o%aé@@@%i rﬁe%ﬁhrﬂepén&@ﬂct}?iflﬂp&rrﬁ?sgﬁl@kﬁr@&@fﬁggibhl@

magneti c aracteristics of the ferromagnetic nmetal magnetic film 65 do not

deteriorate even.if the . nsi .1.he tic recording device 70 is
£ 9 ( .

exposed f{oo tﬂ%ag%tfeo% gllr%fogg?g{u%gr exanpl e, and the magnetic recording

devi ' d whi | ' heat ' t i .100.
That is. ther e Aan BBpPBHR sOMOREE R SCaTaT kg ey RE 70 Fatt oG

| ent ~dingl. duct | h i.stics, whi
ot or i o 419 SR NS4 eR: Bl BeoPht ReTtbrsh dr iR nd i fe EPL (U"5EER,

ferromagnetic netal magnetic film65 even if theqmgnetic r.ecordi Vi ce
is used MPYatI%QWWW%%BFBBYfg?'eé(dl‘oﬁg ti m?%t & s /G atg’%

ferromagnetic metal magnetic film 65 having ) ' coercive force, the
| eakage reEgpeent ¥nventaps hadeRFeRtoREdY| mﬁbgﬁém QBF %%gﬁé’g?hteﬂ’&shead
during the running while nagnetically levitating the nmagnetic_head, can be
enhanced vaTwereeans, thesGegnesighathedragetdeiiltat1 R, @by IRBAPSy it

possi ble to obtain recording/reproduction characteristics havi ng a %ood SN
ratio. Thinnatpenetireddad R vesa sk MEEhrREFNJete ppatrGuByRotational

Hysteresis Loss Analysis forThinFilm Media”, Migaku TAKAHASHI,

j T. SHIMATSU, M. SUEKANE, M. MIYAMURA, K. YAMAGUCHI and H.
TAKAHASHI, T. SHIMATSU, M. SUEKANAE, M. MIYAMURA, K. YAMAGUCHI
and H. YAMASAKI: TEEE TRANSACTIONS ON MAGNETICS, VOL. 28, 1992,
p.3285.

As used herein, the term "the magnetocrystalline
anisotropy K, 2!"" in the present invention refers to the
numerical value of a half of the product of the saturation
magnetization (Ms) and magnetic anisotropy field Hy%*%*", which

is an indication capable of judging that a magnetic recording



with reference to FIG 6 and FIG 7 shows an exanple of the magnetic
recordi ng device and, therefore, the nunber of magnetic recordi ng nedia
di sposed in the nagnetic recording devigce may be an arbitrary nunber of one
or nore , and an arbitrary nunber of mfglnetic heads 79 may be provide, as
far as the nunber is one or nore. The configuration and driving system of
the swng arm77 are not limted to those shown in the drawi ngs and, as a
matter of course, a |inear driving systemand ot her systens mf% a%solg#e
used. Theme@sumkavingha hergEFeTRhie?t (1R MAFRE FLCARAT ARELPPS FE§16F the
ferromagnetic netal magnetic filmw th other conpositions according to the
present iMfERt" ba mﬁtwembbx(ﬂﬁmhemg)‘wti\cslé%‘é?rﬁflﬂegc%ﬁflﬁb‘ﬂ‘rﬁ?FgHSGf t he
devi ce used to produce the ferromagnetic nmetal nagnetic filmfor
measur enetihe ot hemguadt izog That donedisstsuppresséfls enbodi nent is shown in FIG
8. The device shown in FIG 8 is conposed of several of 67 vacuum
chanbers arrangey theawa9y) asndesicefited® ireftrerReionnkral BBedpneseata
first chanber wherein a heater and an etching device are installed in a
vertical yagHumochamMieivel) alkeanss enaitner teder aNa3l odteriot esppl $eaednon
chanmber equi pped with a sputtering filmform ng device, a heating device,
and a vacpg gharber: 332 thatnacxaermalliine devéeecivbefoeter efce .mEmwmal 34
denotes a third chanber equipped with a sputtering filmform ng device, a
heating deyigec 3" YREAYHeGhFHRE STHtEDaaRagyralial i fYLAeysCeorined
reference nuneral 36 denotes a fourth chanber equi pped with a sputtering
f1mfornyya, dexhcs, & £1921d 10a i 6 80chifa A UlThebaBil- P £ b bit 13ty
evacyati ngdeviceé, the reference nuneral 38 denotes a fifth chanber
equi pped wWith a sputterjng fi f or giag Vi Cg, . t ey ;an
vacuum chiftfer W?’hsgﬁ%e a%fn?gt/iq'{d‘g devig_‘(s:‘ei,'?h:éf}rlczeB erelexnngtegln%*r:rgzrig{ff]l Z%ﬁa
denotes a sixth .ch er equipped with a RHEED ( reflection high energy
el ectron BPF g 3°%ﬁ§f‘§§e%°§ﬁ’ae ‘a vacuum chanber with an evacuati ng
device, the reference nuneral 42 denotes.a _seventh ch e i ith a
sputtering fil ntPdith RGPERATE SRE %O%%ﬁﬁﬁegjh%%xé?‘gq%%%%gg# %\e}:g’gfgtall ng
device, and the reference nuneral 44 denot ei an eé'e%héh chanbe{,eg Liio%%%_d
with a roBEETAMAIRItACY Mkt cREABET IS Wi R al¥atd g eV Ce,
respectively. These respective chanbers 30, 32, 34, 36 8 3_10 42, .and 44,
whi ch ar eSadtdcsmng geiRAdoPRELT §eBeTn&ARAT thPBEgH*RIRIE® B §di%¥Sped
with a gate valve, thereby making it possible 68 to perform.an etfiglj ng or
film fornsngliresattan ¢ n3bhassfareafhthe ﬁﬁé’rroé‘?pﬁ‘bﬂgﬁ ’Eﬁ’éﬁt}gﬁs" drgt™
separately partitioned in a vacuum degree of 3 X 10-9 Torr (400 ~ 10-9 Pa)
or a ul t r ashingldevatuantdeyrse dvailiiay .a anghgevhige 0EX( 40t ¥sy Hx "X L ovas
Torr ( 133 X 10-9 to 133 X 10-11 Pa) . .Gases supply nechanismis connected
with eachmefretlhese mimebérel3¥alg? whigh e3zgeedsg 1. 40 and 42, thereby
making it possible to optionally introduce the inside of each chanber by a
sputtering gas Heolevasr antAergassanhgaepine doepdi agmagne shesregoe BN i er
mechani sns

medium 60, which simultaneously provides a high normalized

coercive force and thermally stable magnetic characteristics,
by making a ferromagnetic metal magnetic £ilm 65 from a ternary
CoCrGe alloy with the composition described above or a CoCrGeT
or CoCrGeT' alloy even in case of using a conventional method
using no special clean atmosphere. As a matter of course,
a magnetic recording medium 60 having excellent

characteristics can be produced by forming a ferromagnetic.



are installed to carry the substrate by passing through the duct D and the
i nsi de of the chanbers 30( 32, 34, 36, 38, 40, 42 ( and 44 , thereby naking
it possible to carry the substrate int sequence of the chanbers 30, 32,
34, 36, 38, 40, 42) and 44 and to renov& the substrate after treating in

t he chanber 42 using the robot arm di sposed in the chanber 44 . Prelimnary
heating and etching treatnments can be conducted in the chanber 30 and a
requisite filmcan be formed in the chambers 32, 34, 36., and S%Oag’dﬁ)

furt her nopetaiheagaeiiiq fgi¥m |68 Wt BetRRaFOPRESIT 1M AHaNhEPe40 2Ry %

car bon-based protective filmcan be fornmed in the chanber 42, The device
shown i n W ng&n ylinkeeleanprenesarPEayigedRy the pressnd LaAKepLoSsss
suggested previously by the present inventors. That is, it is a device

whi ch can cont reh exmmpl éiofteemesbodnedcpreduging sugh ankRrreBagzeti®- 9
to 3 69 10-1 Torr ( 400 X 10-9 to 400 X 10-1 Pa) and supply an ultra

cl ean gasméfalgmaghat id NE hpmabbuby. dspplg af spyhkerirg mathods wHlid) bes an
at nospheric gas with which the inside of the vacuum chanber is introduced,
to each chagberbveldsivndde device shown in FIG 8, an Al substrate coated
with Ni-P ( non-magnetic layer 63 ) is treated in each chanber whil e noving
~the substrate i psgh¥Rerdftndfigoghanbers 30 to 44. First , in the first
chanber 30 , the substrate was heated up to 250C using an infrared | anp

heater. Then, thges Q'bftﬁcl?ePin%hﬁeQHw I8 CaNB8x iy dedthe letbdnies 1/
100 W 5 seconds ) toO clean the substrate surface. A netallic underlayer 64

rade of aYo00%0lq 8 AL bhibh 1R DL b RASRSILCE b dd LI (0 pRBden

t hi cknes an nmin thickness /[CrM20 film( 10 nmin

t hi ckness, A : on g he e Qf Jbhe Sibstypbesphlire etisd rat e
i was onl §LH\§§§§§}F%%§%ﬁﬁgﬁé chanbezgrf'?fgﬁy s;c):utteri ng ?g ngF enpl o?g%) by
properly usi

h hanb 32 (. 34. -
ferromag n‘@?itg%rﬂtsyglecrr%%gn n%’[?s%l?iﬁ(lnﬁgg(ssﬁgaﬁ%i%nwﬂﬁégsgcgm{g@é Lot Pl moyes
fifth chanpber 38 _and, finall tecti film.
For mod | DA B 8 h B 289 4 BLOBLS 1Y R MEVELPELRE th Aa VA I

sanple. In the chanbers for formation of ea%h film32, 34 gG, tanc15138_is
sputtering RdTcdnotet 28 £8THEGILR (He tFFAtPoMRSHE DntiPFSAS S et
filling wwth an ultra clean gas of Ar in an ultra-high 70 vacuum
at nospher EigFed ip 1Hrontopf B43@TEe%-9 Pa) until the pressure reaches 1 X
10-3 Torr (133 X 10-3 Pa) in order to carry out the ultra cleja:m r OCess.
The surface of The FaREilefbitPs cSRRAttErdRfed iRy o HrhgtPA™ e ¥F 1 st
chanber 30 and, a netallic underlayer nmade of C was fornmed in the fourth
chanber 384vantRdtensa fQICr BECANICHN Sragnddw- 9% In MaIT ek Hed e ¥R 9t h
chanmber 38. Using the device shown in FIG. 8 ( a CoCrGeTaPt all oy nmagnetic
film) a GeCiGThPcBusid of imyaeefmays pradusdbdarityt o itabhest@ti¢m
and a CoCrGeTa all oy magnetic filmwere formed on plural glass plates under
the same ¢typdi tsputteviolgt aietkedhofarrplee. fofmer makeasriht POFSIHPYS | R,
the respective all oy

produce a magnetic recording medium having excellent

recording/reproduction characteristics because the incidence
angle of sputtering grains to the substrate 51 is stable. In
the case of producing the magnetic recording medium 60 of the
present invention, the method is nqt limited to any of the
carrier type and static type methods.

As a film forming device suited for use in the case of

producing a ferromagnetic metal magnetic film 65 by a



magnetic filns were optionally analyzed by using a RHEED (refl ection high
energy electron diffraction) analyzer in the sixth chanber 40 to determ ne
whet her or not the respective alloy magnetic filns were securely forned.
After a protective filmmde of carbon 4%s fornmed in the seventh chanber
42, the magnetic recording nmedi um sanpl e was renoved fromthe chanber 42 by
the robot arm 45 and then subjected to a nagnetic characteristics neasuring
test using a vibrating sanple nmagnetoneter and a high-sensitivity torqu
magnet oneteut t¥é neomedsiag ore dopehitierd 8 dofeviE erdifhet 1 @ ’é‘iﬁ?s%?FéWuF%e
(Hk9r8~") of a ferromagnetic netal magnetic filmwth the CoCrGe ternar
conposi t ismopnodoc&I Gy 3 Hee ubsed alse@an woazeBieusndg tihHes ddgvieesHadd i n
FIG 8 is shown in FIG 9) the m conposi ti on dependence on saturation
magnet i zaté odebbR)libefd tire sheeemboditmerst shdescrnbeidgheksinaBtennpositi on
dependence on magnetocrystalline anisotropy ( K'g=$in ) of the sane sanple
i's shown in Fig(apdilicaaner hef redghtavehivias! t& sbskeaaie) ~ bet ween
saturation magnetization (M) and nagnetic anisotropy field ( Hkgrain ~ o f
the same sanpl ep ; S@Me il @hd 2 erm M@ piad @&t £6hSd £ GSneltadiinad viias-| G
9 to FIG 12 were excellent characteristics which are the sane as those of
the measuf SNENL . Letd e 8NPURER RldGapplfcht Pont oS IBC aPPasEBb1IEYE FI G

9, high magnetic anisotropy field Hkgrain is easily obtained even if the

lover 1Timg of &Qgt%r%ogtlegh fReCRBLEOLhEY bR @nAedUYEr 6 Ak kihing
magnetic anisotropy tield Hkgrain 1s easily obtained even if the | ower
limt of the Ge cont 1S C o] 1 G5 1Pt e HRopeLc fid m
made of aaC(%&rréem?ae?§§%§caﬂeggé%rJgég‘ggfﬁbgy ?P%igmul%tsr aégFegﬁ’ proceég. tEGI
conposi tion regi.on where_a val u%.%fm magnet ocrystal | i ne anisotropy ( K~grain
~ shown iMERPELIC) 528489393 Mg a conposition region where a val ue of
(4~ Cvs~Hk9r ai n~ sho in FIG 12 is, snall than 1.0 are s i I 13.
As is apparent YR8 J\é\?‘& P‘?@Fof“ﬁ@n@otr‘?p%é’\eﬁ% "}aeggﬂ%%l%ntg %geé(}"mg% F%é%oeb i que
line shown in FIG 13 sinultaneous]y satisfies the relatign hiQ§: (Ku9r ai n~
~ 3.0 and"Pikes 2RFIETHL A BFOPRTL Héa§al‘ﬁﬂ age (e stR%H3Y ﬁ%ﬁta € thi’s
regi on corresponds ) i )

coercive force of the magnetic recording medium can be enhanced.

e
| d
y

The effect of the bias application described above exerted
in case of applying both layers tends to be larger than that
in case of applying a bias only when any one of the films is
made. However, the bias application described above often
exerts an effect on objects in the vicinity of the substrate,
i.e. the substrate supporting member and substrate holder.
As a result, gases and dust generated in the atmosphere in
the vicinity of the substrate are 1liable to cause a
disadvantageous state where they are incorporated into the
thin film during the formation of the film, thereby making
various film properties unstable.

The application of a bias to the substrate also has the

following problems.



72 to the followng range: 82 s Co s 87, 2 ~C ~ 11, and 4 S G ~ 13
(unit: atomc % The conposition dependence (corresponding to any one of
Pt, C, Ta, and B) of the value of coercive force (Hc), the val ue of
magnet ocrystal | i ne ani sotropy ( Ku9rai r44) and the val ue of saturation
magneti zation (Ms) of a CoCrPtTa ferromagnetic netal magnetic film a
CoCrPtB ferromagnetic netal nmagnetic film a CoCrTa ferromagnetic netal
magnetic film a CoCrTaPt ferromagnetic netal magnetic film and a
ferromagnetic net b trkgddfifd 9ul Entwi app 1¥id 3 Meesi 39 RAVEELXenedPEY T3dd ng a
predet erm ned amount of Ge to the alloy, which were produced by the sane
ultra cl esander ofegdass .t hat of the above exanpl e using the device shown in
FIG 8 are shown in FIG 8. As is apparent fromthe measurenent results
shown in FI G 1¢2)tMResarvr oht h nadghye taddi fHiguR deosiid Yo 0Bs Beofo the
CoCrPt Ta all oy exhibited the coercive force (Hc), magnetocrystalline
ani sot r opofKEAr MaBhedi® mRItHBIMaynémgoetizationl{Nely vbi bb howetrled .same
as or superior to those of the sanple nade of the CoCrPtTa alloy. The
sanpl e obtai ned @hﬁgﬂm&&@émy Y6 Yrdwilie Bnh&OKT BB 6bhay geshiahibiead a
coercive force (( ) , magnetocrystalline anisotropy ( Ku9rain ) and
satur ati qp; pROBeLiciall h {d8) me bt i & dde: SATRRATEAm SUpErior to those
of the sanple nade of the CoCrPtB alloy. The nedi um noi se, output signal
and SSNratio o h 7 I 1 i 6AMAST &i r €65 in
FIG 15. As is g?)é)a?gr?t c??%?ngtghgﬁr \gg%?t tsarb?h%pv\ﬁé{?:ﬁsgl G 1%, Q)ﬁae@rrggi Ec%\wnoi se
and signal QUtpUL o JNIGLAIE SURSLEG ahd ! ROSe Yfeder Sapmbe ABYRLH: A
Y37, th and medi

CoCr Pt B af ? wer e bt'al ne um nol se and signal oufput, which

are the s as .thaose pf th aml e f . I i ned
in the sa Pﬁaﬁﬁtféc’tﬁtgc%o%f'l%ﬁ éesa%§?8£%§%%% %?)L,l%aa\%ﬁ t}\é{%gtflét)%teoaS/N
rati o, which is superjor to that of the sanple nade of a CoCrTaPt all oy and
a CoCr TaB'aF P8y A1 FiPHe* Ot ai ned. As is apparent. fromthe results of the
rel ati onshi p between the nedi um nqgi se, signal output and S/N ratio_.shown in
FIG 15, characheFPEEAdgLih @nmérté‘%ﬁ’é'q%‘?f?om?h‘g@éag?lﬁgc RFeXEFSHAS
CoCrTaPt alloy, were obtained in a CoCrTaPtGe alloy with the conposition of
high O c@asdredathickm REPPATALILSN g UMt 18SPECIF L% ARP Y 189 RaP1as
characteristics which are superior to those of an alloy with a _conventional
conposi ti b8, rageizedo dmrtaiandd Jth mayY e frimeR PHc2BBAEING B0k 185 a aff gh
Cr concentration. Since the relationship between the nedi um noi se, signal
out put and 8ANteat iaf cfowre®cCr TaPt Ge alloy with the conposition of a high
Cr concentration is superior to the respective characteristics of a CoCrPtB
or CoCrTaPt al | By Whieh adretrampositi dheoff ¢ pppropgaetdenthetadbnmadnied iGnge
of G within arange froml to 8 atomc % corresponds to a conposition with
| ow Cr coficemt K&t iien formed Girwond enernarli Ald ovanyetk rigne 16ompogd tdtagni ¢ %
obtai ned fromthe know edge 74 of the neasurenent results shown in FIG
15 causesdeecpridd@mbé¥é horegacdrisdThea Il ogontietreofis heh€oa@dvahit@ge
alloy, it is considered that the CoCrTaPt alloy can contain C in an anpunt
up to 24 ghafl @ Wadrietidcsrébordipey mdddwmof whhehamtisnil ban€puisd ybdaaided.
The results of a ratio of the nmeasurenent results of the grain size (GDTEM
by neans gfhfgh hadtsid 55268 dodic £V e @dfe BnY t Reema 11yl EMahilomagnaniid o
the grain size ( Gbaot ) in the case of magnetization reversal with respect
to the abgug r$gY€essf0Es€achsCogResilly 0BbaaA Fd®WMWith&h € é6pedd alsad
herein ( the term"size ( G8ot ) in case of mmgnetization reversal" should
be an indhpahiah Pfa igdhevarbiakabol the eubltedmgneiic Aeeeraimg 1Edi um
and is represénted nz by the equation : DGct = 2 ( Vet/ n tnmag ) where Vat
has the r ti rb(sé’i;g - aVa = ' ; . )ma ' ot es
t her mal eﬁke]r%g;‘/l?] aze%—/if §T4V%illgi ;f%d:ern%?ae%{l?Eéwlrsrenleat:i}lonrg%lgﬁe&jfﬁ f&é@ﬁ

rel ati onship: - .S X ngd X, kr | &ty | Pron2bEL e= D H
( which dgﬁglt gslifsao r%% i)%)é%?'eg gnt (}hﬁ I%ﬁ'g?égggﬁtg '?r%eq'gf)imn%% h%ér?etsiqz%\ﬂ? on H
when M= 0.in a magnefi¢c hysteresis curve of th ' ' that is,
the porti Hﬁt&%?é’rte E&F%i%bggi gsRegptdvn PR %g%é’t@%ﬁ?ﬁ%%é%lwr ve of
the magnetic film.intersect. As is apparent fromthe relationshi p..,shown in
FlG 1o any of (HIEHEREE | BRPOREY AET Lo Ror® IRTRePeL o] 1 HPAsBIRYRY

ferromagnetic nmetal magnetic filn) a CoCrPtTa ferromagnetic



75 nmetal magnetic film and a ferromagnetic nmetal magnetic filmby adding a
predeterm ned anmount of Ge to the ferromagnetic netal exhibits excellent

~ characteristics. In FIG 17, the change of the coercive force of each
sanple in the case of forming a filmwfde applying a bias to a substrate
and in the case of formng a filmw thout applying a bias to a substrate
when a ferromagnetic netal nagnetic filmw th the conposition represented
by CoCr 16Pt 8B6Gex ( each sanple wherein x is 0, 2, or 3 ) is fornmed on a
Cr MbZO urated f ayef e rbhagné hichineitads Magneshowhiilas are fyaredd fromthe
results shown in FIG 17, the coercive force is scarcely lowred even if a
sanpl e i s nade Iyraddifege’, Audmimatefvaeawn degr €& GPVhfiagh ammghetlild aret al
magnetic filmand the coercive force is lowered in case a filmwas forned
Wi thout apphyirnay@bisas /dr ca SPePtemagde tiyc addiay agnetiic £idm"Chaval so
in this sanple, a ferromagnetic netal magnetic filmcan be produced w thout

| owering ¢ en K §1 H8rk@r &8 Dy iaRPE yring PA6LOE Wh86h\ttd$ agein Fi Genbe
shows the bias voltage dependence of coercive force squareness ratio ( S* )

of the respegt 48 feeldOnBOPEtbertBid fHOEEt A6pEhldth LY@ fied hateasala
filmis formed by applying a bias to the substrate. As is apparent fromthe

oo P g e REeTABR B EERIINES L3 0% o 5 e

It has been considered that a low ultimate vacuum degree
(e.g. on an order within a range from 10°° to 10°’ Torr (107*
to 10° Pa) has a large effect especially in the case of a
Co-based magnetic material containing Ta in a ferromagnetic
metal magnetic film. If the ferromagneticmetal magnetic film
is formed froma ternary CoCrGe alloywith the above composition,
a magnetic recording medium, which simultaneously has a high
normalized coercive force and thermally stable magnetic
characteristics, can be produced even if a magnetic film is
formed in a film forming chamber wherein the ultimate vacuum
degree of the inside is in the order within a range from 10°®
to 107 Torr. As a matter of course, the ferromagnetic metal
magnetic £ilm 65 of this embodiment may be formed by the ultra
clean process provided by the present inventors.

(Surface temperature of substrate in the case that
metallic underlayer and/or ferromagnetic metal magnetic film
are formed)

As used herein, the term "surface temperature of a

substrate in case ametallic underlayer and/or a ferromagnetic




atomc %of Ge is higher than the coercive force squareness ratio ( S* ) of
the CoCrPtB ferronmagnetic netal nagnetic filmw thout adding Ge and the
addition effect of Ge are remarkable . Next , an all oy sanple was nade
under the same conditions as those in tHe case of maki ng the .above CoCrGe
ternary alloy sanple and then subjected to the test of magnetic
characteristics. As a result, alnbst the sane test results as those
obtained in the above ferromagnetic netal magnetic film could be obtained.
As is appaetnai magmetthe Fidweadesterpeonss a kd 1d FoymIm g SATRgHAH R
metal layer with the conposition according to the present invention has
excel | enthamgret i ef hatacirer tbei valvenof the apoetcide tfonce| Wikhant pt
is capable of attaining a high value of the coercive force while enhancing
a val ue ofiepbeamgnenithaniasetricpyofifdrr¢ikgnesic me t admagne t edddtlinon of
the other characteristics. Therefore, the anobunt can be appropriately

sel ected from apwifigr @@ e0buBst@ate Aot damadtahar hdedteantoeirddve ends
to decrease the mediumnoise (NmM. B contributes to grain refinenment and a

| arge amoppt-f RAd Yuisrdf1ieducsyt bR raiidgid) SiZeimVat| & hoghkar garefaagOUNt
of Btends to | ower the coercive ?orce due to randomcrystalline

orientatiQn, ol {ige r cagRI JESEhI Rk 2BAKGtridtd SrRERIY abbe ekt exrtd Bf y
t he conp05|thn rat1 o of the present invention. 77 | NDUSTRI AL
APPL|CAB|EHE¥ges such as warping, swelling and cracking, and internal
changes such as generation of magnetization and an increase
of the amount of gas evolﬁed. However, any heat treatment
must be generally conducted in a film forming chamber or a
preliminary chamber thereof so as to attain a high surface
temperature of the substrate. This heat treatment has the
disadvantage that gases and dust generated in the space in
the vicinity of the substrate are incorporated into the thin
film during the formation of the film, thereby making various
film properties unstable.
A high surface temperature of the substrate also has
the following problems.
(1) A non-magnetic NiP layer in a NiP/Al substrate is
magnetized.
(2) Strain is produced in a substrate.
(3)Itis difficult for the substrate having a low thermal
conductivity, such as a substrate made of glass, to increase

or maintain its substrate temperature. Accordingly, there

is demand for a method capable of obtaining various desired



- As described above, according to the present invention, it is possible to
obtain a magnetic alloy, which has magnetic characteristics capabl e of
correspondi ng increases in the recording density, ie . a . which has a high
normal i zed coercive force and magnet ocr‘%stal | i ne ani sotropy, and al so has a
nore excel l ent magnetic anisotropy field, by using a ternary CoCrCGe all oy,
CoCr GeT alloy or CoCrGeT alloy with above specific conposition, ternary
CoCrGe alloy, CoCrGeT alloy or CoCrGeT alloy with the conposition within

t he abovef shecipricpexnijes Avelesdfi Hdte apbpae abeaitdi tgeabmeRd pkesdet
~invention, it is possible to obtain a magnetic recordi ng nedium which has
magnet i ¢ cdwdacted 6t iacleaapabd @twént@Et doponeinpg rartunes ésseonflucied.
recording density, i.e . which has a high normalized coercive force and
magnet ocr yst al | { ©\¢ra8kceotdoihne$y oI Bgba thartray YREPCr Ge al | oy, CoCr GeT
alloy or CoCrGeT alloy with the conmposition within the above specific
range even in tfige CagerakelTidiyin98vest taBakubidthd s Mgt peopeesent
utilizing a filmformng space wherein an ultimte vacuum degree is in the
order of fﬁ?éﬂ%h TRe RISt | e d22CQidinsh 88 di £ C P! { 5nB@ ik ATRYHRSEIC
filmmade of a ternary CoCrGe alloy magnetic filmw th the above specific
ratio, Oraa MBGRRH God i Lmprade ofnd) ALEEEh a0 CeRle Ady vhih e
above specific conpositifon can forma filmin 78 a non-bias state w thout
2P| 09 SuBERRe! B 1° GLORLLARBRO it Alp B! BB A SoS Navi ng
excel | ent™ @venness can be enployed as the substrate . Also it is nmade

possi ble to progduce a magnetic.recordj i i) e hdj f in
t he production T t"be%ﬁ) 83t fl%ﬁlg"ﬁ kggb?gg %lg}\tyﬁecesﬁg\é@rhg.{ée% ,&ggt(:e'arqeg(\t;el:tS
containing Co, C an L the aboye s ifi b [ or,
target con¥dPRify %&i‘éﬁfé%&a‘éﬁgaﬁﬁﬁ%ﬁé’% #W%bé@ Blrs?;%%sos‘l lﬁ%to
produce a magnetic recordi ng medi um whi ch has magnetic characteristics
capabl e oPecBPPEOF&MH ng i ncreased recording density, i.e. both high
normal i zed coercive force and a hi gh magnetocrystalli ne_ini sotro%y, even in
case of using aIEd?rﬁ/%‘ht‘i%élubfﬁqqﬁ"f%rsrﬁq{gt%Fé’cé9§at}'ﬁ YP31-6g R & FISRPRS % ng
space wherein an ultimte vacuumdegree is in the order of 10-6 Torr. A
magneti c sbabdedi A 8&ePcevBdFHR i Agratakdne st atecotdien§ WA T F (1S he
above ferromagnetic netal magnetic 1 film having excellent magnetic

char act ermaghes icar qravd tegamedinet ppdr tbatdpigtBevhagrefktic kedsk ¥ idok
undergo deterioration of nmagnetic characteristics even when used in a

heat ed stabethart aalcdngthiemrandewilidesl hdef eEFSnepacatd omot-al Sirprtiie film
has a high resistance to thermal agitation. A nagnetic recording device
conpri si nguafergnebughreens Ranysnbar gerw 1 b itshe ashieres ippres fdtict ian al
magnetic fil mhaving excellent magnetic characteristics can provide a
magneti ¢ o eaielmagndehi c b eladvang ienod a eao fimbgeatdef£ig9ent of friction.
recordi ng/ reproduction characteristics with a high SN rati o. 80 CLAI M5 1.
A magnet i onakhey oterat Hamg, essent thkl gudfs toobiae th4 €0y e achedmauma@@mum and
germanium (Ge)) a conposition of said magnetic alloy being represented by
the generabtharify apdo@d O yk8Zdistance between the magnetic recording

medium and magnetic head, i.e. the levitation height of the
magnetic head, must be reduced to as small a value as possible.
Therefore, the smaller the value of Ra, the better.
Accordingly, a maximum value and a minimum value of the surface
roughness of the substrate are appropriately determined based
on the factors described above and the specification, required

by the magnetic recording medium.



where x, y and z ) which represent a conposition ratio, satisfy the

rel ationships: 78 ~x ¢ 87) 2.5 ~y ~ 25 2~z s 15 and x +y + z = 100 (
~provided that x, y and z represent a conposition ratio in ternms of atomc
2. A magnetic alloy according to claim% wherein said conposition ratio
satisfies the relationships: 82 ~ x ~ 87, 2.5 ~y 513, and 2.5 S z ~ 14.
3. A magnetic alloy consisting essentially of cobalt (Co), chromum( C )
, germanium ( Ge ) , and an element T ( T represent s one or nore of the

el enents Ta, SiFokbexBmplie. drfd the  levibagesr: hed Bt f dthagheeretda oy
being represented by the general formula: ( CoxCryGez ) |oo-~T~ where x, v,
z, and c,nhabiGhs peplesiie s, RaANPOWithdm a atinge Sabmnd Yottheme el BOWONSHI .ps
60 s x S87, 2. 58y S25 2z~15, cs 20, and x +y +z =10 0 (
provi ded tRhaty &vit¥tioch headthtC (deptesand be towrmndine magnet e heakamgd of

atomc 9. 81 4. A magnetic alloy according to claim3, wherein said
conposi t 'Pﬁer %Idf’fééél %‘ﬂ eghbhendghetienyus: réeor¥ddng 8edd um Sfery a 13
, and 2 . . A magnetic alloy according to claim3 or 4 ,
wherein c_ }gfgl f}ﬁf{’ééé@ﬂh@tﬁ&?'ﬂiﬁ&étﬂ@n'}a&f%ﬁé magfeelienbriadl must 5
| $;ong? Wbor en said elenment 'T represents one or nore of the elenments
§ t
s o s S L e o e el 1y

consi sti n?tessenr%glré%g%fg ORQLE ﬁﬁg)grufgge@ Y9 {hO'mdgnedgcmBBceBdidee ) .

pl ati num ement represents one or nore of the

ol ements Taa30% B2 Sorpg ;ga%gfgtt@gq AL o¥ obings LRRRSEN o

by the geR&fa™ I 00- , z, v, and c' ,

\3*7“ ?hzr .epr esegét%?%%ngg%éygog srmaatif surafal.gé*ouhgq'xﬁgjsgtﬂao'l§hb9§fer%%l% X =
Accordingly, even when the substrate has a smaller surface
roughness, a method capable of obtaining the various desired
film properties may be appropriately employed. For example,
Ra is reduced to 1.5 nm or less after forming a texture on
a structure comprising an Al substrate and a Ni-P layer formed
on the Al substrate, and the Raof the NiP/Al substrate subjected
to a special polishing treatment can also be adjusted within
a range from 0.5 to 0.7 nm.

(Texturing treatment)

The texturing treatment to which the substrate in the
present invention is conducted by, for example, using a
mechanical polishing method, a chemical etching method, and
a method of physically forming an uneven film. In the case
of an aluminum alloy substrate, which is most widely used as

the substrate of the magnetic recording medium, the method

of mechanical polishing is employed.



zS15, 2~v S25, and 1 5 ¢ S 12 ( provided that x, y, z, v, and c'
represent a conposition ratio in terms of atomc %) . 7. A magnetic alloy
~according to claim6, wherein c', which represents a conposition ratio of
T, is 1 atonic %or nore and 8 atonic ¥ or less when said ' is B. 82 8.
A magnetic alloy according to claim6, wherein c', which represents a
conposition ratio of T, is 1 atomc %or nore and 8 atomc %or |ess when
said T" is Ta. 9. A magnetic recording nmedium conprising a suybstrate and a
ferronmagneti c rxmlexempe i dHerenifopmeitbadwef gongantaicadily SoRBLRT i c
under| ayer, said ferromagnetic netal magnetic filmbeing a magnetic film
made of aIrgharycabltehaons sn nENOE Pofallm FoTmed owrhklei sRFEecy, odnd
germani um (Ge), an alloy conposition of said ferromagnetic netal magnetic
film bei ngh r apesenindaiy dyhesgesearal té obyul mre £oXGoy GeZtwiper.e wheyedmd z |
whi ch represent a conposition ratio ( satisfy the relationships: 60 ~ x ~

87, 2.5 avrasiVe dr8ihsarddadiithed dnythe surfdfe ( pgadnet thwtuxfage and
Z represent a conposition ratio in terns of atomic % 10. A nagnetic

recor di ng, fredi 4 8¢ 6@ GG ik S 2t 81, 9) TuhengisNme thPo it #sivat geadhssai d
ferromagnetic nmetal magnetic filmsatisfies the relationships : 82 S x S 87

. 2. 5 S ¥ S lerd ds%s}dsfnstﬂé'sgéteﬁ‘o@wé%tﬂ§ JsLrdtea Wedmithe

conprising a substrate an
tape.

For the reasons described under the heading "surface
roughnessofsubstrate",anmthodcapableofobtainingvarious
desired film properties may be appropriately employed even
if the above texturing treatment is not conducted or texture
with smaller roughness is formed.

(Target)

As the target used to produce the ferromagnetic metal
magnetic film 65 with the composition described above, for
example, there can be used a composite target wherein Cr chips
and Ge chips, which have a desired size, are placed on a Co
target in the composition ratio described above. It is also
possible to use a sintered target made by forming Co, Cr and
Ge into granules, mixing the granules in the composition ratio
described above, and sintering the mixture.

It is also possible to use an alloy target with the
composition described below, which is made by alloying Co,
Cr and Ge.

There can be used a target made of an alloy consisting



a ferromagnetic netal magnetic filmfornmed on said substrate 83 via a
nmetal lic underlayer, said ferromagnetic netal magnetic filmbeing a
magnetic filmconsisting essentially of cobalt (Co), chromium (Cr))
germanium (Ge), and an element T (T reﬁﬂbsents one or nore of the elenents
Ta, Si, Nb, B, Ni, and Pt), a conposition of said nmagnetic alloy being
represented by the general fornula: ( CoXCrYGeZ ) |oo-~T~ where x, y) z,
and ¢, which represent a conposition ratio, satisfy the relationships : 60
~ X ~ 87 dsfent5ally SfXHhaRtA Co)l5chrompym (&%) xardgerpadipgh(Egrovi ded
that x, y, z and c represent a conposition ratio in ternms of atomc %. 12
A nmagnethée d@npodiingomediuthacabl diyigeingctepnesentesthdyerheageBapedi tion
ratio of said ferromagnetic nmetal magnetic filmsatisfies the rel ationships

73 S X fpBrfulad CoRCB,Egep 13, and 2.5 5z S 14. 13 . A magnetic
recordi ng medi um according to claim1l1l or 12 , wherein c, which represents

a conposiyhepel 2t i 9,08, shd €| anedthTrepseBeditoine Wonpdessivhenasaiod
el enent T represents one or nore of the elenents Ta, Si and Nb, and c,

whi ch repsr§§§§tf§| 10 s‘%%i(%%&%blso of; saigd & ey@eng To)s5i & G akonisc % or

| ess when™ Sai enment A magnetic recording nmedi um conprising a

substrateand< B¢ 4L OPA00e h6o"F by IRLRCtALLH | . [aMaR0-opresedt
the composition ratio in terms of atomic %).

In the alloy target, the composition ratio more
preferably satisfies the relationships: 82 < x = 87, 2.5 =
y < 14.5, and 2.5 £ z = 14.

It is also possible to use a target made of an alloy
consisting essentially of cobalt (Co), chromium (Cr),
germanium (Ge), and an element T (T represents one or more
of the elements of Ta, Pt, Ni, Si, and B), the composition
of the alloy being represented by the general formula:
CoxCryGe,T.

w where x, y, z, and ¢, which represent the composition ratio,
satisfy the relationships: 60 = x < 95.5, 2.5 = y = 25, 2
£ 2z =15, ¢c =5, and x +y + z = 100 (provided that x, vy,
z, and c represent the composition ratio in terms of atomic ).
In the composition with the above range, the composition ratio
preferably satisfies the relationships: 78 = x = 95.5, 2.5
= y=25 2=2z=1, and ¢ = 5.

More specific compositions include, for example,

CoCrGeTa, CoCrGePt, CoCrGeB, CoCrGeTaPt, CoCrGeTaB, and



via a netallic underlayer) said ferromagnetic netal nmagnetic filmbeing a
magnetic. filmconsisting essentially of cobalt ,(Co),.chromum (Cr),
germanium ( Ge ) , platinum( Pt ) , apd an elenent T° ( T represents one
or nore elenents of Ta and H), a corrpoéﬂti on of said magnetic alloy being
represented by the general formula : ( CoXCrYGeZPt~ ) loo-~ ~ T ~ ~ where
X, Y, z, v, and ¢, which represent a conposition ratio, satisfy the
relationships : 45 ~x ~87, 2. 5Sy S25, 2Sz ~15, 2 ~v ~ 25, and
1 Sc -~CoerGeTaktld that x, y, z , v ) and c ' represent a conposition
ratio in terns of atomc %) . 15 . A magnetic recordi ng_nmedi um accordi ng
to claim14 , whmeeinetic fihinchsr ppedeaiasly nadposft RofeFrRMEBICHLS is 1
atomc %or nore and 8 atomc %or less when said T' is B. 16 . A magnetic
recor di ngeftadi Whbegorali demposditdion HF thehdresrnomagn el metepk xbhe¥ a
conposition ratio of Ta, is 1 atomc %or nore and 8 atomc % or |ess when
said T' beitg 17 rebraddwteal prashici ng themgnegenemabr di nd amuk Liay

whi ch conprises formng at |least a ferromagnetic netal magnetic filmon a
metal lic (@bq(@&ly@ggptyﬁjoggc@nx. filmformng nmethod of sputtering method,
vacuum deposi tion met hod, CVD nethod, ion 85 beam net hod, and a | aser
deposi ti g JiBf hod, i 3 the JHPductyrichlirdhLeFBARCEHE JEHE Sl Y oRBXH LD Of any
one of clains 9'to 16. 18. A method of producing a magnetic recording

medi um whi.ch conpris fLor.m il i & a, ngnghi e<wherse ,

el ectri cglatb%%gy?gh%o?gésgﬁ@g fgp%'su sf"rg%e“i R%dg):'e%?gfo\r,\?ﬁeng gtg | sast a

ferromagnet i cgret I ghetig fjlmon.a,metallig yngde %E}S%&de’htﬂ?at %
producti on 6f % h gmagﬁé—”f it ‘r_“ecjor'diar'llgdn%dl—um of any 0{1 '
y, z, v, and c' represent the composition ratio in terms of
atomic %). In the composition within the above range, the

composition ratio may preferably satisfy the relationships:

78 < x < 95.5, 2.5 < y < 25, 2 < 2z =15, 2 = v = 25, and

[IA

’

(]

IA

2 12.

In the above composition, c', which represents the
composition ratio of B, is preferably 1 atomic % or more and
8 atomic % or less if the element T' is B, while c’', which
representsthecompositionratioofTa,ispreferablylatomic%
or more and 8 atomic % or less of the element T' is Ta. 1In
the composition within the above range, c¢’', which represents
the composition ratio of B, is more preferably 2 atomic % or
more and 8 atomic % or less of the element T' is B, while c’,
which represents the composition ratio of Ta, is more
preferably 2 atomic % or more and 8 atomic % or less if the

element T' is Ta.

Among these ranges, B is more preferably within a range




of claims 9 to 16. 19. A nethod of producing a nmagnetic recording nmedi um
whi ch conprises formng at | east the ferronmagnetic netal nagnetic film of
any one of claims 9 to 18 on a substratég by neans of sputtering using at

| east a conposite target conprising a chip, a Co chip, and a Ge chip
pl aced thereon in case of carrying out the nethod of claim17 or 18. 20 . A
nmet hod of producing a magnetic recordi ng nmedi um according to any one of
claims 17 to 19, which conprises disposing a substrate_in a filmformng
chanber , £imemi hgatomsra® i@ hdekomyer 2oAns FaF S ubRer SLeMES g a 1aret
or form ng an underlayer disposed in said filmformng chanber) and form ng
a ferrommgst isperet £l c negmeo s ¢ tiohm dhcdaide nmEra EramMPdder CFSCSHt a1 d
filmform ng chanmber using a target for forming a 86 ferromagnetic netal
magnet i ¢ dddraeroBi dadd mddwcdptmaBormi ng | ayer after fornming the metallic
under| ayer in case of carrying out the nmethod of any one of clains 17 to
19. 21. A targethd oa1feymmam Jegmeii eofplmitoionsi sti agmegs@tticl fylof
cobalt ( Co ) , chromum( C ) and germanium ( Ge ) , a conposition of

sai d targgiebebPUcaRPELEER QIR ERAegeRer@lcfar Mt acsCaxCeGse vhethex, y
and z, which represent a conposition ratio, satisfy the relationships : 60

S xS 87 e@romﬁgﬁe)ﬁfc 2% ta? madnetid £i2Rde% Aepcrived Moot ovinad t hat
X, y, and Z représent a conposition ratio in terms of atomc 22. A target

for formng a fi or g PanhdidP 21ntWhei@l fos aim@ ke Pesi tion
ratio satlisgfi &S e ir%?at‘%%nngﬁi%psﬂ?&%§~ax ~ 87 (n2 .5~y ~13, 2. 5¢C

e
z S 14 ( pagsdsi(bieytg szirﬁuf'ggheously realize a high normalized coercive

force of 0.35 or more and-to satisfy the relationship (47
Ms/H,%"2") =< 1.0. In addition to reconciliation of these
characteristics, it also becomes possible to obtain a high
magnetic anisotropy field (Hx%2'") and to simultaneously
control the grain size of the magnetic grains to 10 nm or less.

These alloys can be used as the target for forming a
magnetic film in place of the composite target described above.
These alloys can be obtained by mixing raw powders or ingots

! in the above composition ratio and melting the mixture using
a technology such as arc melting. These alloy targets can
also be obtained in the same manner as described above, using
a technology such as arc melting.

A magnetic £ilm with the desired composition, which has
the characteristics described above, can be formed on a desired
base (base material) by sputtering these alloy target onto
the base after mounting in a sputtering device.

As a matter of course, a ferromagnetic metal magnetic



23. Atarget for formng a magnetic film consisting essentially of cobalt
{Co), chromum (Cr), germanium (Ge), and an elenent T (T represents one or
nore elements of Ta, Pt, Ni, and Si), a conposition of said target being
represented by the general formula : ( %8oxCryGez ) |o0-0To where x, y) z,
and c, which represent a conposition ratio, 87 satisfy the relationships:
60 ~x ~ 87, 2585y S$25 2sz~15, ¢ ~20, and x +y + z =100 (
provided that x, y, z and c represent a conposition ratio.inh fernms_.o

atoni c %Eild withathet dampddriiag defgnetee RPPHCaltH d?%gé?’am‘éfiai’% 23,
wherein said conposition ratio satisfies the relationships: 73 S x 5 87,
2.5 ~y Spglyand Bthex Ai¥m LérmAnigameesn$ ofuthr aAbndagafadiRRPEIEirR
consisting essentially of cobalt (Co), chromum (Cr), germanium (Ge), and
an el enrenindiohlbe aRF ERL HosmHmy OLnnd @i tiomem $hefsmat hsgiBg mgthod,
conp05|t|on"of said target being represented by the general formula : (
CoXCryGezfting tRes@ alfioy Or¥hgeesXasy.a mavepndlcsourwe ch represent a
conposition ratio, i satisfy the relationships: 45 S x S 87, 2.5 Sy ~ 25
2z~15, 2 ~vs 25, and1Sc' S12 (,provided that x , vy, z, v,
and c' represent a conposition ratio in terms of atomc ~) . 26. A target
for formng a magnetic film accor dgR8cl9mendgn 25, wherein said conposition

ga;ig iitiSfieS the relationships : 73 Sx ~87, 2. 5Sy S13, and 2 . 5
) Thefollowingembodimentsfurtherillustratethepresent
invention in detail, but the present invention is not limited
by these embodiments.

In this embodiment, ferromagnetic metal magnetic films
made of CoCrGe having different compositions were formed on
a substrate via a metallic underlayer made of a Cr film by
using é sputtering method. 1In that case, the composition of
the film to be formed was changed by sputtering after placing
a predetermined number of Cr chips and Ge chips, which have
a predetermined size, on a Co target. The ultimate vacuum

j degree of a chamber, in which the ferromagnetic metal magnetic
£ilm is formed, was fixed to the order of 107’ Torr (10°° Pa)
and no bias was applied to the substrate when the metallic
underlayer of Cr and ferromagnetic metal magnetic film'are
formed.

In this embodiment, a £film was made by using a composite
target comprising Cr chips and Ge chips placed on a Co target,
however,asputteringmethodusingamixedtargetmadebymixing

Co, Cr and Ge, or using separately a Co target, a Cr target



88 27. Atarget for fornming a magnetic filmaccording to claim25) wherein
c', which represents a conposition ratio of B, is 1 atomc %or nore and 8

. atomc %or less when said T' is B. 28. A target for formng a nagnetic
filmaccording to claim?25, wherein c' 54whi ch represents a conposition
ratio of T', is 1 atomc %or nore and 8 atomc %or |ess when said T' is

Ta. 29. A magnetic recordi ng device conprising the magnetic recording
medi um of any one of clainms 9 to 16 , a driving section for drivi n% sai d
magnet i c arddr BenfamseitunPrat Mg ¢E Hebl)f il BY MY RYIILR FDILARGHA ng
said magnetic head relative to said nmagnetic recording nedium 30 . A
magnet i ¢ deposditigprimeitd® docotdhgesn 1 hnfigninghes thadmaghroused on
section of said nagnetic head consists of a magnetoresistance effect type
magneti c £ eaematter of course.
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YYYZ[ 4 nf B[ $£F%A[ JtEpSret pradeof Lo fom fammifng g e} ehléq] ERFEAICH|] cal
ca] caU] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] caLJ aJcajcalc (]ca] C
al 4’ m * ~ aHispasdKsbbd@ec caddonie 3, Cr chips and Ge chips being place
dCdeCeeeeeef Xf | w | gb] X] ] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca]c

a] ca] ca] cahc aheajseaiared ctd Tagta] 6apod] Jafeajosa dalsdlating members for

g#g_gggg#hOhghhhh*i 2imiiijM j jujvjjj]
u each cathode, 8 and 9 denote DC power sources connected with

the respective cathodes, 10 and 11 denote earth shields for
each cathode, 12 denotes a shutter, 13 denotes a rotating means
of the shutter, 14 denotes anaperture of the shutter, 15 denotes
a substrate holder supporting means, 16 denotes a rotating
means of the substrate holder suppqrting means, 17 denotes
a heating means, 18 denotes a holder, 19 denotes a substrate,
20 denotes an exhaust port, and 21 denotes a gas inlet port.

In the device shown in FIG. 5, a £film forming chamber
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Substrate shape

Substrate surface condition

Ultimate vacuumdegreeinfilm
forming chamber

Process gas

Impurity concentration in Ar
gas

Ar gas pressure

Holding temperature of
substrate surface

Target material
Target diameter

Purity of target material

Distance between target and
substrate

Power imparted to target
Bias voltage to substrate

Thickness of film formed
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10lzlass

8 mm sguare.

No texture, Ra < 1 nm
5X10°% Torr (665X10°° Pa)
Ar gas

110 ppb or less

10 mTorr (13.3 Pa)

250C

Cr, Co + (Cr,Ce) chips

4 inches
3N (Cr), 3N (CoCrGe)
50 mm

DC 200 W (Cr, CoCrGe)
Not applied

100 nm (Cr), 30 nm (CoCrGe)

The method of producing the magnetic recording medium
according to this embodiment will be described below in the
sequence indicated by parenthesized numbers.

(1) After settingasubstrate 19, whichhadbeen subjected
to a predétermined cleaning process, onto a substrate holder
18 installed in the film forming chamber, the inside of the

film forming chamber 1 was pumped out to a vacuum degree of
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(2) The substrate 19 was heated via the substrate holder
18 with heating means 17, to keep the surface temperature of
the substrate 19 at 250T
(3) Ar gas Was introduced through a gas inlet port 21
into the film forming chamber 1 and the gas pressure was
controlled to 10 mTorr by means of a mass flow controller (not
shown) .
(4) Predetermined levels of DC power were supplied from
a DC power source 8 to a cathode 2 and from a DC power source
9 to a cathode 3, and preliminary sputtering was applied to
the target 4 for several minutes. A shutter 12 was used to
mask the targets 4, 5 from the substrate 19.
(5) The shutter 12 was moved by using rotating means
13 so that an aperture 14 of the shutter 12 was located right
above the target 4 (the arrangement shown in FIG. 5).
Then the shutter 12 was operated to open or close thereby
to formametallicunderlayer made of Cr £film100 nmin thickness
on the substrate 19.
(6) After forming the metallic underlayer, the substrate
18 was moved by using rotating means 16 so that the substrate

holder 18 was located right above the target 5. At this time,

the shutter 12 was disposed to block the sight of the target
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(7) The shutter 12 was moved by using the rotating means
13 so that the aperture 14 of the shuttér_lz was located right
above the target 5. Then the shutter 12 was operated to open
or close thereby to form a ferromagnetic metal magnetic film
made of CoCrGe alloy 30 nm in thick on the Cr film. The
composition of the CoCrGe magnetic film was controlled by
adjusting the number of Cf chips and Ge chips placed on the
Co target.

(8) After forming the ferromagneticmetal magnetic £ilm,
the DC power levels applied to the cathodes 2, 3 were reduced
to zero, thereby to stop the discharge.

(9) The introduction of the gas into the f£ilm forming
chamber 1 was stopped and the substrate temperature was
decreased.

) (10) A nitrogen gas was introduced into the £ilm forming
chamber 1 and, after the inner pressure of the f£ilm forming
chamber 1 reached the atmospheric pressure, the produced sample
was removed from the film forming chamber 1. Samples made
in the process described above having different compositions
of a CoCrGe £film werel tested to measure the magnetic
characteristics thereof by using a vibrating sample
magnetometer (VSM) and a high-sensitivity torque

magnetometer.
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respective samples, and FIG. 4 is a triangular composition

diagram showing the value of (4 7T Ms/H%®"). FIG.2 is a

triangular composition diagram made based on the measurement
results of FIG. 3 and Fig. 4.

Samples which satisfy the relationships: 4 7TMs/H,5"%"

A

1.0 and (K,9%2'") = 1.5 X 10° erg/cm® are shown by the symbol
O and samples which satisfy the relationships: 4 TTMs /H, 952"
< 1.0 and (K,%%") =2 2 X 10°® erg/cm® are shown by the symbol
©, and other samples are shown by the symbol 0.

Examples of the composition ratio of the samples shown
by the symbol O are Co,5CrgGeys, CogoCrsGes, CogoCrioGei o, and
C032Cr14.5Ges.s.

) Examples of the composition ratio of the samples shown
by the symbol © are Cos:Cri;Ges, Co0s2CriGers, Cos3CrioGes,
C0g3CTr,Ge o, COssCrii.sGes.s, CoasCrioGes, CogsCriGeg, CogsCrsGeio,
Cog,CraGegs, COgsCr.Ges, Cog;CrsGeg, and CogsCra.sGeiy.s.

The following points were made clear by the measurement
results shown in FIG. 2 to FIG. 4.

1. When using a CoCrGe alloy magnetic film, which

constitutes a ferromagnetic metal magnetic £film, the

composition of the alloy being represented by the general
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_J_iEdCd Xyband z satisfy the relationships: 78 = x =" 87, 2.5
< y=14.5,3.5= z= 15, andx + y + z = 100 (provided that
x,y, and z represent the composition ratio in terms of atomic %)
(the region shown by the oblique line in FIG. 2), it is made
possible to satisfy the relationship 4 TMs/H, %" = 1.0, which
is the condition required to obtain a high normalized coercive
force (Hc/H 9*2!") of 0.35 or more without depending on the grain
size of the ferromagnetic metal magnetic film and to obtain
a magnetocrystalline anisotropy (K,97%") of 1.5 X 10° erg/cm’
or more, thus making it possible to form a magnetic recording
medium which also has thermally stable magnetic
characteristics in a film forming space, an ultimate vacuum
degree of which is on the order of 10°% Torr.

2. When using a magnetic film made of an alloy, the
composition of which is represented by the general formula
CoxCryGe:,
where x, y and z satisfy the relationships: 82 = x = 87, 2.5
< y=<13, 3.5 2z = 14, and x +y + z = 100 (provided that
x,y, and z represent the composition ratio in terms of atomic %)
(the region shown by crosshatching in FIG. 2), it is possible
to form a ferromagnetic metal magnetic £ilm having a°
magmetocrysatlline anisotropy (Kygrain) Of 2.0 X 10° erg/cm3
or more, which has never been reported in a conventional

Co-based material, thus making it possible to form a magnetic
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10#h0Ohghhhh*i digrlen using a magnetic film made of an alloy, the
composition of which is represented by the general formula
CoxCryGe,,
where x, y, and z satisfy the relationships: 84 = x < 87,
2.5 y=8,5=2z = 12, andx +y + z = 100 (provided that
:<,yandzxepresentthecompositionratiointermsofatomic%),
it is possible to form a ferromagnetic metal magnetic film
havingaamoreexcellentmagnetocrystallineanisotropy(Kugihﬁ
of 3.0 X 10° erg/cnﬁ or more, thus making it possiblé to form
a magnetic recording medium which has notably excellent
thermally stable magnetic characteristics.

As is apparent from the results 1 and 2, it is possible
to produce a magnetic film capable of providing excellent
magnetic characteristics, which have never been obtained in
a conventional magnetic material, under general sputtering
film forming conditions without using a special ultra clean
process with regard to a magnetic recording medium comprising
a ternary CoCrGe film with the composition described above
as the ferromagnetic metal magnetic film.

When using a CoCrGe ferromagnetic metal magnetic f£ilm
capable of providing excellent magnetic characteristics as

described above under general sputtering film forming

conditions, it can be expected to obtain more excellent
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magnetic characteristics by production'using the ultra Clean

process provided previously by the present inventors.

Alloy samples with the above composition of CoCrGe were
prepared by melting and the value (kOe) of the magnetic
anisotropy field: H®*'" of each was measured. The results
are listed below.

(Method of preparing alloy samples)

Samples were prepared by cutting a material which was
formed by evacuating to 8 X 10°% Torr (1064 X 10°% Pa),
followed by arc melting in an Ar atmosphere into a disk-shaped
plate of about 0.6 mm¢ in thickness, subjecting the disk plate
to a solid solution treatment at 10000C for one hour, and
repeating a transformation treatment (Ta — €T, 10 hours)
until the ¢ phase was converted to the ¢ (hcp) phase. XRD
was used in the structural analysis and VSM was used in the
measurement of Ms and, furthermore, the VSM-SPD method was

! used in the measurement of Hg.

As used herein, "SPD" (Singular Point Detection) refers
toamethodwhichis knownas amethodof determining themagnetic
anisotropy field by utilizing the fact that second order
differential d*M/dH? of the magnetization M in the hard-axis
has a singularity point in the magnetic anisotropy field Hy
in a magnetic material having a positive uniaxial
magnetocrystalline anisotropy. In the present invention, a

measuring method of applying the SPD method to a magnetization
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Also in the measurement of magnetic characteristics of the

above ferromagnetic metal magnetic f£film, the magnetic
anisotropy field Hx was measured in the same manner.

The composition and value (kOe) of magnetic anisotropy
field: H,9"*!" of the resulting respective alloy samples are
listed below.

Co30CrsGe;s (6.7 k0e), CogoCrioGe1o (7.3 kOe), CogsCry; . 5Ges. s
(8.0 kOe), Co0s3Cr,Ge;o (10.3 kOe), CogsCrioGes (8.5 kOe),
CogsCr,Ges (9.8 kOe), CogsCrsGeyo (9.5 kOe), CogsCreGes (9.1 kOe),
C0s7Cr,Ges (9.8 kOe), CogsCrsGes (10.4 kOe), and CopsCrz sGei;.s
(9.5 kOe).

These CoCrGe alloy samples exhibited a very high value
of 8.0 kOe or more as a value (kOe) of magnetic anisotropy
field: H,%2'" when the amount of Cr is within a range from 0
to 11.5 atomic % and the amount of Cr is within a range from

! 3.5 to 14 atomic %.

FIG. 6 shows an example of a HDD (hard disk drive) device
(magnetic recording device) of a computer incorporated with
the magnetic recording device 60 dgscribed previously.

In a magnetic recording device 70 of this example, plural
(five in the example shown in FIG. 7) magnetic recording media
60 are disposed in a chamber type casing 71 in the state of
being inserted into a spindle 73 alternatively with a spacer

72. A bearing of the spindle 73 is also disposed in the casing
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thecasing?l,therebytoenabletherespectiverecordingmedia
60 to freely rotate about the spindle 73.

A rotation axis 76 supported parallel to the spindle
73 by a bearing 75 is disposed at the side of the magnetic
recording medium 60 in the casing 71. Plural arms 77 are
attached to the rotation axis 76 to extend at the magnetic
recording medium side and a magnetic head 79 is attached to
a tip side of each swing arm 77 via a triangular plate-shaped
load arm.

The magnetic head 79 is composed of a thin film type
magnetic head, or a MIG type magnetic head, or a dual type
magnetic head element obtained by integrating a MIG type
magnetic head element with a read-only magnetoresistive type
magnetic element, and a slider, and this slider is elastically
supported by a gimbal member disposed at the tip side of the

) load arm. The magnetic head 79 moves to an arbitrary position
on the magnetic recording medium 60 with the movement of the
swing arm 77.

In the magnetic recording device 70 with the above
construction, desired magnetic information can be written in
the magnetic recording medium 60 by rotating the magnetic
recording medium 60, moving the swing arm 77 and moving the

magnetic head 79 to an arbitrary position on the magnetic

recording medium 60, thereby to apply magnetization generated
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read by moving the swing arm 77 and moving the magnetic head
79 to an arbitrary position on the magnetic recording medium
60, thereby to detect leakage magnetic field from the
ferromagnetic metal magnetic £ilm (magnetic recording layer)
65 of the magnetic recording medium 60.

If the ferromagnetic metal magnetic film (magnetic
recording layer) 65 has excellent magnetocrystalline
anisotropy as described above in the case of reading andwriting
magnetic information, thermal agitation of the ferromagnetic
metal magnetic f£ilm 65 can be suppressed. Therefore, the
magnetic characteristics of the ferromagnetic metal magnetic
film 65 do not deteriorate even if the inside of the magnetic
recording device 70 is exposed to the eat of a motor 74, for

I example, and the magnetic recording device is used while being
heated to a high temperature which exceeds 100C. That is,
there can be provided a magnetic recording device 70 having
excellent recording/reproduction characteristics, which do
not undergo deterioration of magnetic recording/reproduction
characteristics of the ferromagnetic metal magnetic £ilm 65
even if the magnetic recording device is used over a long Iperiod
and heated for a long time.

When using a ferromagnetic metal magnetic £ilm 65 having
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the reading element of the magnetic hea during the running
whilemagneticallylevitatingthemagneticheadcanbeenhanced.
Therefore, a strong signal can be received, thereby making
it possible to obtain recording/reproduction characteristics
having a good SN ratio.

The magnetic recording device 70 described previously
with reference to FIG. 6 and FIG. 7 shows an example of the
magnetic recording device and, therefore, the number of
magnetic recording media disposed in the magnetic recording
devicemaybeanarbitrarynumberofoneormore,andanarbitrary
number of magnetic heads 79 may be provide, as far as the number
is one or more. The configuration and driving system of the
swing arm 77 are not limited to those shown in the drawings
and, as a matter of course, a linear driving system and other
systems may also be used.

! The results of the measurement of the magnetic
characteristics of the ferromagnetic metal magnetic filmwith
other compositions according to the present invention will
be described below.

A schematic configuration of the device used to produce
the ferromagnetic metal magnetic film for measurement of
magnetic characteristics in this embodiment is shown in FIG.

8.

The device shown in FIG. 8 is composed of several of
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numeral 30 denotes a first chamber wherein a heater and an

etching device are installed in a vertical vacuum chamber 31,
the reference numeral 32 denotes a.secgnd chamber equipped
with a sputtering film forming device, a heating device, and
a vacuum chamber 33 with an evacuating device, the reference
numeral 34 denotes a third chamber equipped with a sputtering
film forming device, a heating device, and a vacuum chamber
35 with an evacuating device, the reference numeral 36 denotes
a fourth chamber equippedwith a sputtering film forming device,
a heating device and a vacuum chamber 37 with an evacuating
device, the reference numeral 38 denotes a fifth chamber
equipped with a sputtering film forming device, a heating
device and a vacuum chamber 39 with an evacuating device, the
reference numeral 40 denotes a sixth chamber equipped with
a RHEED (reflectionhighenergyelectrondiffraction) analyzer
; and a vacuum chamber with an evacuating device, the reference
numeral 42 denotes a seventh chamber equipped with a sputtering
f£ilm forming device and a vacuum chamber 41 with an evacuating
device, and the reference numeral 44 denotes an eighth chamber
equipped with a robot arm and a vacuum chamber 45 with an
evacuating device, respectively.
These respective chambers 30, 32, 34, 36, 38, 40, 42,

and 44, which are adjacent to each other, are connected through

a duct D equipped with a gate valve, thereby making it possible
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a vacuum degree of 3 X 10°° Torr (400 X 10°° Pa) or aultra-high
vacuum degree within a range from 1 X 107° to 1 X 107 Torr
(133 X 10°° to 133 X 107'' Pa). Gases supply mechanism is
connected with each of these chambers 30, 32, 34, 36, 38, 40,
and 42, thereby making it possible to optionally introduce
the inside of each chamber by a sputtering gas such as an Ar
gas.

Magnetic coupling type substrate carrier mechanisms
are installed to carry the substrate by passing through the
duct D and the inside of the chambers 30, 32, 34, 36, 38, 40,
42, and 44, thereby making it possible to carry the substrate
in the sequence of the chambers 30, 32, 34, 36, 38, 40, 42,
and 44 and to remove the substrate after treating in the chamber
42 using the robot armdisposed in the chamber 44. Preliminary

; heating and etching treatments can be conducted in the chamber
30 and a requisite £ilm can be formed in the chambers 32, 34,
36, and 38 and, furthermore, the resulting £ilm can be analyzed
in the chamber 40 and a carbon-based protective film can be
formed in the chamber 42.

The device shown in FIG. 8 is a device which can carry
outtheultracleanprocesssuggestedpreviouskybythepresent

inventors. That is, it is a device which can control the

ultimate vacuum degree within a range from 3 X 107° to 3 X
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10°1° Torr (400 X 10°° to 400 X 107*° Pa) and supply an ultra
clean gas (Ar gas containing about 1 ppb of impurities such
as H,0), as an atmospheric gas with which the inside of the
vacuum chamber is introduced, to each chamber.

Using the device shown in FIG. 8, an Al substrate coated
with Ni-P (non-magnetic layer 63) is treated in each chamber
while moving the substrate in order along the chambers 30 to
44 .

First, in the first chamber 30, the substrate was heated
up to 250C using an infrared lamp heater. Then, the surface
of the substrate was dry-etched (14.4 mTorr/100 W/5 seconds)
to clean the substrate surface.

A metallic underlayer 64 made of any one of a Cr film
(5 nm in thickness)/CrMo;o £ilm (10 nm in thickness) and Cr
£ilm (5 nm in thickness)/CrMo;o £ilm (10 nm in thickness) was
then formed on the surface of the substrate (the substrate

J was only passed through the chamber if any sputtering is not
employed) by properly using the chambers 32, 34, and 36.
Subsequently, a ferromagnetic metal magnetic £film 65 shown
in FIG. 1 was formed in the f£ifth chamber 38 and, finally,
a protective £ilm .66 made of carbon was formed in the seventh
chamber 42 to obtain a magnetic recording medium sample. In
the chambers for formation of each film 32, 34, 36, and 38,
sputtering was conducted to attain the £film forming conditions

after filling with an ultra clean gas of Ar in an ultra-high




3109%0& ()-"10%& ()-F 10%& ()-NdEuV710TT -"10%& ()-y
1090& ()-s"10%& ()-3 1 310%& ()-yl09%& ()-L"10%& ()-7rdEUV710TT
L -71090& ()-4"1090& ()-2"109%0& ()-0Z"10%0& ()-&" 10%& ()-F
$3109%0& () - RSTUX~_=10TT! "10%&' ()-F " 189a& ()-F 1!s"10%}& ()-F 10%& () -
10T 10T 10T QIO%I'&' ()-0}0asS410 10% u& ()- 10TT 10TT 10TT!| $"10%T& ()- !
$"10%T& ()- $"10%& ()- #10%& ()-Y :}[9asS410! "109%XX& ()-)!
"10% u-u& ()-)! "10% u-u& ()-) "10% u_%' ()-)!'x "10%u& (Q - "10% u& ()-
L%+, - QuSEAcmunl GoEEs phese OL£09&X( )1 100re (ROSy 1034& Ba) Mntid the u- u
10-u-u!  "10%u-u& ()-))c}rog\=1In 10% U& ()- 10T
pressure reaches 1 X 107® Torr (133 X 107% Pa) in order to
carry out the ultra clean process.

The surface of the glass substrate was cleaned by dry
etching in the first chamber 30 and a metallic underlayer made
of Cr was formed in the fourth chamber 36, and then a CoCrGe
alloy magnetic film was formed I the fifth chamber 38. Using
the device shown in FIG. 8, a CoCrGeTaPt alloy magnetic film,
a CoCrGeTaPtB alloy magnetic film, a CoCrGePt alloy magnetic
£ilm, and a CoCrGeTa alloy magnetic film were formed on plural
glass plates under the same conditions to obtain each sample.

After the formation of films, the respective alloy
magnetic films were optionally analyzed by using a RHEED
(reflection high energy electron diffraction) analyzer in the
sixth chamber 40 to determine whether or not the respective
alloy magnetic films were securely formed. Aftera protective

] film made of carbon was formed in the seventh chamber 42, the
magnetic recording medium sample was removed from the chamber
42 by the robot arm 45 and then subjected to a magnetic
characteristics measuring test using a vibrating sample
magnetometer and a high-sensitivity torque magnetometer.

The composition dependence on the magnetic anisotropy
field (H,%"®'") of a ferromagnetic metal magnetic film with the

CoCrGe ternary composition produced by the ultra clean process

using the device shown in FIG. 8 is shown in FPIG. 9, the
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the same sample is shown in Fig. 10, the composition dependence
on magnetocrystalline anisotropy (K,"*!") of the same sample
is shown inFig. 11, and the relationship (4 T Ms/H%"*'") between
saturation magnetization (Ms) and magnetic anisotropy field
(H(9*2'") of the same sample is shown in FIG. 12.

The characteristics obtained in FIG. 9 to FIG. 12 were
excellent characteristics which are the same as those of the
measurement results shown in FIG. 2 to FIG. 4.

As is apparent from FIG. 9, high magnetic anisotropy
field Hy%2!" is easily obtained even if the lower limit of the
Cr content is controlled to 2.5 atomic % and high magnetic
anisotropy field Hy,9"*'"™ is easily obtained even if the lower
limit of the Ge content is controlled to 2 atomic % in the
magnetic £film made of a CoCrGe ternary alloy produced by the
ultra clean process.

A composition region where a value of magnetocrystalline
anisotropy (K,%*'") shown in FIG. 11 exceeds 3.0 and a
composition region where a value of (4 7TMs/H9***") shown in
FIG. 12 is smaller than 1.0 are shown in FIG. 13.

As is apparent from FIG. 13, the composition region
enclosed by the oblique line shown in FIG. 13 simultaneously
satisfies the relationships: (K,%*") > 3.0 and (4 7TMs /H,97217)
< 1.0.

In the sample of this embodiment, this region corresponds
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The composition dependence (corresponding to any one
of Pt, Cr, Ta, and B) of the value of coercive force (Hc),
the value of magnetocrystalline anisotropy (K.%°**") and the
value of saturation magnetization (Ms) of a CoCrPtTa
ferromagnetic metal magnetic f£ilm, a CoCrPtB ferromagnetic
metal magnetic film, a CoCrTa ferromagnetic metal magnetic
film, a CoCrTaPt ferromagnetic metal magnetic film, and a
ferromagnetic metal magnetic film with the composition
obtained by adding a predetermined amount of Ge to the alloy,
which were produced by the same ultra clean process as that
of the above example using the device shown in FIG. 8 are shown
in FIG. 8.

As is apparent from the measurement results shown in
FIG. 14, the sample obtained by adding 2 atomic % of Ge to
a CoCrPtTa alloy exhibited the coercive force (Hc),
magnetocrystalline anisotropy (K,9%2") and saturation
magnetization (Ms), which are the same as or superior to those
of the sample made of the CoCrPtTa alloy. The sample obtained
by adding 2 atomic % of Ge toaCoCrPtBalloy exhibiteda coercive
force (Hc), magnetocrystalline anisotropy (K.9°%*") and
saturation magnetization (Ms), which are the same as or

superior to those of the sample made of the CoCrPtB alloy.

The medium noise, output signal and S/N ratio of the



)-"10% U& ()- "10% U8 ()-3"10% U& ()- h[aBnbCl!s" *"10%

) -3 ($10%-U+U& ()- Y"10% U& ()-SF @10% U&' ()-sMLO% U&' ()- "10%
) - OMENDCL! s" 6" 10% U&' ()- 34Y"10% U& ()- 2 10% U& ()- 010% U& () -
)- ,"10% U& ()-MNOPSq_=1!! "10%h&3)-G !s "10%h h& ()-G "10% h&
h& ()- 10 U 10

samples with the above compositions are shown in FIG. 15.
As is apparent from the results shown in FIG. 15, the
medium noise and signal output, which are superior to those
of the sample made of a CoCrPtB alloy, were obtained and the
medium noise and signal output, which are the same as those
of the sample made of a CoCrPtTa alloy, were obtained in the
sample made of a CoCrTaPtGe alloy. Consequently} a value of
the S/N ratio, which is superior to that of the sample made
of a CoCrTaPt alloy and a CoCrTaB alloy, could be obtained.
As is apparent from the results of the relationship between
the medium noise, signal output and S/N ratio shown in FIG.
15, characteristics which are superior to those of a
conventional CoCrTaPt alloy, were obtained in a CoCrTaPtGe
alloy with the composition of high Cr concentration within
a range from 16 to 20 atomic % so that characteristics which
are superior to those of an alloy with a conventional
) composition, are also obtained in analloywith the composition
of a high Cr concentration. Since the relationship between
the medium noise, signal output and S/N ratio of a CoCrTaPtGe
alloy with the composition of a high Cr concentration is
superior to the respective characteristics of a CoCrPtB or
CoCrTaPt alloy with the composition of low Cr concentration
(the range of Cr within a range from 1 to 8 atomic % corresponds
toacompositionwith lowCr concentration), aCrcontentwithin

a range from 16 to 20 atomic % obtained from the knowledge
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With regard to the Cr content of the CoCrTaPtGe alloy, it is
considered that the CoCrTaPt alloy can contain Cr in an amount
up to 24 atomic % which is the upper limit of the amount of
Cr to be added.

The results of a ratio of the measurement results of
the grain size (GDgey) by means of a transmission type electron
micriscope (TEM) photograph to the grain size (GDact) in the
case of magnetization reversal with respect to the above
samples for each composition are shown in FIG. 16.

As used herein, the term "size (GD,.t) 1in case of
magnetization reversal” should be an indication of the thermal
stability of the magnetic recording medium and is represented
by the equation: DGact = 2(Vact/ 7 tmag)'’?
where V... has the relationship: Vaet = (Kg* T)/(Ms * He); (Kp~
T)denotesthermalenergy,(Msﬂk'vmt)denotestherelationship,

! H; has the relationship: Hf = S/Xirr, and Xirr has the
relationship: Xirr = AM/AH, which denotes a ratio of AH to
AMat about the point of magnetization HwhenM =0 in amagnetic
hysteresis curve of the magnetic film, that is, the portion
where the abscissa axis and the magnetic hysteresis curve of
the magnetic film intersect.

As is apparent from the relationship shown in FIG. 16,
any of a CoCrTa ferromagnetic metal magnetic film, a CoCrTaPt

ferromagnetic metal magnetic £ilm, a CoCrPtTa ferromagnetic
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metal exhibits excellent characteristics.

In FIG. 17, the change of the coercive force of each
sample in the case of forming a film while applying a bias
to a substrate and in the case of forminga filmwithout applying
a bias to a substrate when a ferromagnetic metal magnetic £ilm
with the composition represented by CoCr;¢sPtgBsGex (each sample
wherein x is 0, 2, or 3) is formed on a CrMo,;, underlayer (10
mm in thickness) is shown.

As is apparent from the results shown in FIG. 17, the
coercive force is scarcely lowered even if a sample is made
by adding 2 atomic % of Ge to the CoCrPT ferromagnetic metal
magnetic £ilm and the coercive force is lowered in case a film
was formed without applying a bias in a sample made by adding
3 atomic % of Ge. Also in this sample, a ferromagnetic metal

1 magnetic £ilm can be produced without lowering the coercive
force by applying a proper bias voltage.

FIG. 18 shows the bias voltage dependence of coercive
force squareness ratio (S*) of the respective ferromagnetic
metal magnetic films obtained in case a film is formed by
applying a bias to the substrate.

As is apparent from the results shown in FIG. 18, the
coercive force sqguareness ratio S* of the CoCrPtBGe

ferromagnetic metal magnetic film obtained by adding 2 or 3
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without adding Ge and the addition effect of Ge are remarkable.

Next, an alloy sample was made under the same conditions
as those in the case of making the .above CoCrGe ternary alloy
sample and then subjected to the test of magnetic
characteristics. As a result, almost the same test results
as those obtained in the above ferromagnetic metal magnetic
film could be obtained.

As is apparent from the above descriptions, the alloy
or ferromagnetic metal layer with the composition according
to the present invention has excellent magnetic
characteristics.

Among the above addition elements, Pt is capable of
attaining a high value of the coercive force while enhancing
a value of the magnetic anisotropy field (Hy%%2*") without a

J reductionof theothercharacteristics. Therefore, the amount
can be appropriately selected from a wide range of 2 to 25
atomic %. Higher content of Cr tends to decrease the medium
noise (Nm). B contributes to grain refinement and a large
amount of B tends to reduce the grain size, while too large
an amount of B tends to lower the coercive force due to random
crystalline orientation. For the reasons described above,

it is preferable tosatisfy the compositionratio of thepresent

invention.
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INDUSTRIAL APPLICABILITY

As described above, according to the present invention,
it is possible to obtain a magnetic alloy, which has magnetic
characteristics capable of corresponding increases in the
recording density, i.e. which has a high normalized coercive
force and magnetocrystalline anisotropy, and also has a more
excellent magnetic anisotropy field, by using a ternary CoCrGe
alloy, CoCrGeT alloy or CoCrGeT' alloy with above specific
composition, ternary CoCrGe alloy, CoCrGeT alloy or CoCrGeT'’
alloy with the composition within the above specific range.
Asdescribedabove,according'nathepresentinvention;
it is possible to obtain a magnetic recording medium, which
has magnetic characteristics capable of corresponding an
increase of the recording density, i.e. which has a high
normalized coercive force and magnetocrystalline anisotropy,
) by using a ternary CoCrGe alloy, CoCrGeT alloy or CoCrGeT'’
alloy with the composition within the above specific range
even in the case of using a conventional f£film forming process
utilizing a film forming space wherein an ultimate vacuum

degree is in the order of 10°% Torr.
The magnetic recording medium comprising a magnetic film
made of a ternary CoCrGe alloy magnetic film with the above
specific ratio, or amagnetic filmmade of a CoCrGeT or CoCrGeT !

alloy with the above specific composition can form a film in
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that an insulating glass having excellent evenness can be
employed as the substrate. Also it ismade possible to produce
a magnetic recording medium while avoiding defects in the
production due to application of .a bias to the substrate.
A target containing Co, Cr and Ge in the above specific
composition ratio, or a target containing Co, Cr, Ge, and an
element Tor T' makes it possible to produce amagneticrecording
medium which has magnetic characteristics capable of
corresponding increased recording density, i.e. both high
normalized coercive force and a high magnetocrystalline
anisotropy, even in case of using a conventional film forming
process utilizing a film forming space wherein an ultimate
vacuum degree is in the order of 10°°® Torr.
A magnetic recording device comprising a magnetic
recording medium with the above ferromagnetic metal magnetic
) film having excellent magnetic characteristics can provide
a magnetic recording device, which does not undergo
deterioration of magnetic characteristics even when used in
a heated state for a 1long time, because the ferromagnetic metal
magnetic £ilm has a high resistance to thermal agitation. A
magnetic recording device comprisipg a magnetic recording
medium with the above ferromagneticmetal magnetic £film having
excellent magnetic characteristics can provide a magnetic

recording device having excellent magnetic
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recording/reproduction characteristics with a high SN ratio.



10 10>bnbbbb2ckcaBNC 102" 10%& () -
0310%& ()-.-10%& ()-,"10%& ()-*"10%& ()-! X(s$1l0% ()-kcccccececeghC
J10LT#109%&' () - @O0%&' ()- 10m 10m 10m 9
10%@&'()-3710%ﬁ&'()-4Z"10%ﬁ&'()-ggi>i~ﬁpiiiaVK@? 10 10 10
109 10%&:()-6"10%&f()- 4109& () -*"109% ()-:!, ($10%& ()-ii kkkbmdBVK@ 10
F6($10% ()- Y'"10%&' ()-SS310%& ()- 109& ()- "109%&' ()-, 10%& ()-nm
n\ nvnnndeEVK@ 10 '4"10%& ()-3
2310%& ()-010%& ()-."109%& ()-, " 10%& €}2I¥E100& ()- n&o_o oaoboeolpg_= 101"
$10% i & ()-'!'$10%[& ()-!, 109& ()- 109 109 B
1. A magnetic alloy consisting essentially of cobalt (Co),
chromium (Cr), and germanium (Ge), .
a composition of said magnetic alloy being represented
by the general formula: CoxCryGe,
where x, y and z, which represent a composition ratio, satisfy
the relationships: 78 = x = 87, 2.5 = y = 25, 2 = z = 15,

andx+yh+z=100(providedthatx,yandzrepresentacomposition

ratio in terms of atomic %).

2. A magnetic alloy according to claim 1, wherein said
composition ratio satisfies the relationships: 82 = x = 87,

2.5 =< y = 13, and 2.5 = z = 14.

3. A magnetic alloy consisting essentially of cobalt (Co),
) chromium (Cr), germanium (Ge), and an element T (T represents
one or more of the elements Ta, Si, Nb, B, Ni, and Pt),
a composition of said magnetic alloy being represented
by the general formula: (CoxCryGe:)ioo-cTc
where x, y, 2z, and c, which represent a composition ratio,
satisfy the relationships: 60 = x = 87, 2.5 = y = 25, 2 =
z =15, ¢ = 20, and x +y + z = 100 (provi;ied that x, vy, 2z,

and c represent a composition ratio in terms of atomic %).
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2.5 =< y < 13, and 2.5 = z = 14.

5. A magnetic alloy according to claim 3 or 4, wherein c, which
represents a composition ratio of said element T, is 5 atomic %
orlesswhensaidelement Trepresentsone ormore of theelements
Ta, Si and Nb, and c, which represents a composition ratio
of said element T, is 9 atomic % or less when said element

T is B.

6. A magnetic alloy consisting essentially of cobalt (Co),
chromium (Cr), germanium (Ge), platinum (Pt), and an element
T' (T' represents one or more of the elements Ta and B),
a composition of said magnetic alloy being represented
by the general formula: (CoxCryGe,Pty)ico-¢'T'c
} where x, y, z, v, and ¢’, which represent a composition ratio,
satisfy the relationships: 45 < x = 87, 2.5 = y = 25, 2 =
z <15, 2 =< v = 25, and 1 = ¢' = 12 (provided that x, vy,

z,Vv ,andc’' represent a compositionratiointerms of atomic ).

7. A magnetic alloy according to claim 6, wherein c’', which
represents a composition ratio of T', is 1 atomic % or more

and 8 atomic % or less when said T® is B.
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9. A magnetic recording medium comprising a substrate and a
ferromagnetic metal magnetic film formed on said substrate
via a metallic underlayer,

said ferromagnetic metal magnetic £film being a magnetic
filmmadeofaternaryalloyéonsistingofcobalt(Co),chromium
(Cr), and germanium (Ge),

an alloy composition of said ferromagnetic metal
magnetic f£ilm being represented by the general formula:
CoxCryGe,
where x, y and z, which represent a composition ratio, satisfy
the relationships: 60 < x = 87, 2.5 = y = 25, 2 = z £ 15,
and x + y + 2z = 100 (provided that x, y, and z represent a

j composition ratio in terms of atomic %)

10. 2 magnetic recording medium according to claim 9, wherein
a composition ratio of said ferromagnetic metal magnetic £ilm
satisfies the relationships: 82 = x < 87, 2.5= y = 13, and

2.5 =5 z £ 14.

11. A magnetic recording medium comprising a substrate and

a ferromagnetic metal magnetic £film formed on said substrate
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germanium (Ge), and an element T (T represents one or more
of the elements Ta, Si, Nb, B, Ni, and Pt)}),
a composition of said magnetic alloy being represented
by the general formula: (CoxCryGe:)ioo-cTc
where x, y, 2z, and ¢, which represent a composition ratio,
satisfy the relationships: 60 = x = 87, 2.5 = y = 25, 2 =
z = 15, ¢ = 20, and x + y + z = 100 (provided that x, y, z

and c represent a composition ratio in terms of atomic 2).

12. A magnetic recording medium according to claim 1ll, wherein
a composition ratio of said ferromagnetic metal magnetic film
satisfies the relationships: 73 = x < 87, 2.5 = y = 13, and

2.5 8 z £ 14.

13. A magnetic recording medium according to claim 11 or 12,
wherein c, which represents a compositionratioof said element
T, is 5 atomic % or less when said element T represents one
or more of the elements Ta, Si and Nb, and c, which represents
a composition ratio of said element T, is 9 atomic % or less

when said element T is B.

14. A magnetic recording medium comprising a substrate and
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by the general formula: (CoxCryGe,Pty)ico-c'T'c’

where x, y, z, v, and ¢c’', which represent a composition ratio,
satisfy the relationships: 45 = x < 87, 2.5 = y = 25, 2 =
z <15, 2 =< v £ 25, and 1 = ¢c' = 12 (provided that x, y,

z, v, andc' represent acompositionratiointermsof atomic %).

15. A magnetic recording medium according to claim 14, wherein
c’', which represents a composition ratio of B, is 1 atomic %

or more and 8 atomic % or less when said T' is B.

16. A magnetic recording medium according to claim 15, wherein
¢', which represents a composition ratio of Ta, is 1 atomic %

or more and 8 atomic % or less when said T' is Ta.

17. A method of producing a magnetic recording medium, which
comprises forming at least a ferromagnetic metal magnetic film
on a metallic underlayer using any film forming method of

sputtering method, vacuum deposition method, CVD method, ion
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bias is not applied to a substrate in case of forming at least
a ferromagnetic metal magnetic £ilm on a metallic underlayer

in the production of the magnetic recording medium of any one

of claims 9 to 1l6.

19. A method of prﬁducing a magnetic recording medium, which
comprises forming at least the ferromagnetic metal magnetic
film of any one of claims 9 to 18 on a substrate by means of
sputtering using at least a composite target comprising a Cr
chip, a Cochip, and a Ge chip placed thereon in case of carrying

} out the method of claim 17 or 18.

20. Amethod of producing amagneticrecordingmediumaccording
to any one of claims 17 to 19, which comprises disposing a
substrate in a film forming chamber, forming a metallic
underlayer on said substrate using a target for forming an
underlayer disposed in said £ilm forming chamber, and forming
aferromagneticmetalmagneticfilmonsaidmetallicunderlayer

in said film forming chamber using a target for forming a
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ferromagneticmetal magnetic film provided in the film forming

layer after forming themetallicunderlayer in case of carrying

out the method of any one of claims 17 to 19.

21. A target for forming a magnetic film, consisting

essentially of cobalt (Co), chromium (Cr) and germanium (Ge),
a composition of said target being represented by the

general formula: CoxCryGe.

where x, v and z, which represent a composition ratio, satisfy

the relationships: 60 = x = 87, 2.5 = Y =< 25, 2= 2z £ 15,

and Xx + y + 2 = 100 (provided that x, y, and z represent a

composition ratio in terms of atomic %).

22. A target for forming a magnetic f£ilm according to claim
21, wherein said composition ratio satisfies the
relationships: 73 = x = 87, 2.5= y < 13, 2.5= z = 14, and

X + vy + 2z = 100.

23. A target for forming a magnetic £film, consisting
essentially of cobalt (Co), chromium (Cr), germanium (Ge),
and an element T (T represents one or more elements of Ta,
Pt, Ni, and Si),

a composition of said target being represented by the
general formula: (CoxCryGe;)ioo-cTec

where x, y, z, and c, which represent a composition ratio,
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satisfy the relationships: 60 X 87, 2.5 = y = 25, 2 =

z = 15, ¢ = 20, and x +y + z = 100 (provided that x, vy, z,
and c represent a composition ratio in terms of atomic %).
24. A target for forming a magnetic film according to claim
23, wherein said composition ratio satisfies the

relationships: 73 = x < 87, 2.5 < y = 13, and 2.5 = z =

14.

25. A target for forming a magnetic £ilm, consisting
essentially of cobalt (Co), chromium (Cr), germanium (Ge),
and an element T’ (T' represents one or more elements of Ta
and B),

a composition of said target being represented by the
general formula: (CoxCryGe;Pty)ipo-c'T ¢
where x, vy, 2z, v and ¢’', which represent a composition ratio,
satisfy the relationships: 45 < x < 87, 2.5 = y = 25, 2 =
z =15, 2 = v = 25, and 1 = ¢' £ 12 (provided that x, vy,

z,Vv, andc’' represent a compositionratiointerms of atomic %).

26. A target for forming a magnetic film according to claim
25, wherein said composition ratio satisfies the
relationships: 73 = x = 87, 2.5 =< y = 13, and 2.5 = z =

14.
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27. A target for forming a magnetic film according to claim
25, wherein c¢’', which represents a composition ratio of B,
is 1 atomic % or more and 8 atomic % or less when said T' is

B.

28. A target for forming a magnetic film according to claim
25, wherein ¢', which represents a composition ratio of T',
is 1 atomic % or more and 8 atomic % or less when said T' is

Ta.

29. A magnetic recording device comprising the magnetic
recording medium of any one of claims 9 to 16, a driving section
for driving said magnetic recording medium, a magnetic head,
and a moving means for moving said magnetic head relative to

said magnetic recording medium.

30. Amagnetic recording device according to claim 29, wherein
a reproduction section of said magnetic head consists of a

magnetoresistance effect type magnetic element.



