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FOR PRODUCTI ON THEREOF BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON
This invention relates to a perpendicul ar magnetic recordlng
nount ed on various magnetic recording devices, and a net hod f mmw Im
it. DESCRI PTI ON OF THE RELATED ART Wth the increase in the capaci
magnetic disc recorders, a demand is growing for the high recordlﬁﬂﬂﬁen5|ty
of magnetic recording media. OF convent ilonal magneti c recordi ng systens, a
| ongi tudi nal nagnetic recording systemis predom nant. Recently, a
per pendi cul ar nagnetlc recordlng systen1has attracted attentlon as a
techni que f orBERPE R MAGHE e NdED LU AN > Rrding. A
per pendi cul ar nagnetlc recordln nedlun1|ncludes as constltuent el enent s,

a magnetic recording |ayer of aE%%ngmﬁ%“exﬂﬁﬂﬁggerlal and a under| ayer
made of a soft magnetic material and playing a role in concentrating a
magnetic flux generated by a magnetic head which is used for recording into
the recording layer . As apmixeRoynD OF e Tagasiriion ecordi ng | ayer of the
per pendi cul ar magnetic recordi ng medium a CoCr-based alloy crystalline
filmis mainly used at present. - 2 Wth this film a coercive force
(Hc) of the order of 4,000 Ce is a maximumvalue, and a further increase in
the coercive force i s necessaf JEERrORCHHEVINGENTEQNher density. Ful fill ment
of this requirenent poses technical difficulties.

This invention relates to a perpendicular magnetic
recording medium to be mounted on various magnetic recording

devices, and a method for producing it.
DESCRIPTION OF THE RELATED ART

With the increase in the capacity of magnetic disc
recorders, a demand is growing for the high recording density
of magnetic recording media. Of conventional magnetic
recording systems, a longitudinal magnetic recording system is
predominant. Recently, a perpendicular magnetic recording
system has attracted attention as a technique for achieving the
high recording density of magnetic recording.

A perpendicular magnetic recording medium includes, as
constituent elements, a magnetlic recording layer of a hard
magnetic material, and a underlayer made of a soft magnetic
material and playing a role in concentrating a magnetic flux
generated by a magnetic head which is used for recording into
the recording layer. As a material for the magnetic recording
layer of the perpendicular magnetic recording medium, a

CoCr-based alloy crystalline film is mainly used at present.
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As a material for magneto-optical recording, a rare earth-transition netal
all oy anorphous filmis used. Since this filmhas a high perpendicul ar
magneti c ani sotropy constant (Ku) , it is also very pronising as a materi al
for a magnetic recording |ayer of a perpendicul ar nagnetic recording

medi um However, a conposition close to the conpensation point is used in
magnet o-optical recording. He in this conposition range is considerably
greater than He required of a material ~for perpendicul ar nmagnetic

recor di ng. wAshdeists i ek alzoveeraivar €otebt (HE ) avB it wrdRirabfakl 090 Oe

anor phous filmis expected to be used as a material for a perpendicul ar
magnet i ¢ r &8c diaxdmupdyahve Tantk et fanther imanemaseonn the coegedaestpoyceo

h its, ti ti .to.desired ti . T btain t desired
change 1L, TRNEhL ¢oPLOPEL! LeRL0, desi RO BIOPSLILPE, IO b e s e
el ement anglyihe Loansihign gELAL LOchRECAPMREEILARcaLDCe the composi tion

is fixed, however e va Ku and saturation nagnetic flux density
(Ms) are uni quel y get£rmaheehailhesr idk@setd- sbifdLul tedsrdiasy 9 thiere
magneti c properties in a balanced manner by changing the conposition.

Mor eover, whehhtheanaithdedeatsEgnel loymmupmiiouesE dle itsouded obtSHinoedthys
adj usting the proportions in the conposition, it is difficult to readjust

the magnet FAlphaserttich PETPARILANAATMRRARA tAe aRi sPRECREGRRS taSr bKB) i es
VALY, 1100 SREOUNEL M diid o, YAHALAN RS Rl RGN ©

OF THE | NVEARbONoFhe ﬁé;ﬁ&&iﬁiéﬁw&ﬁtﬁgﬁxéﬁv@!f&&ﬂuﬁ#hﬁéﬁiuﬁﬂr REREVEFNT a
per pendi cul ar magnetic recordi ng nmedi um having the desired magnetic
properti esabgouppagtionacdoeer th- thenspmpensatiah pblioy asoupbdusnfil mas a

magnetic recording |ayer, and using sputtering for the formation of this
nmagneti c r@égPﬂFﬂgopéiéﬁ;ﬁ- WPPASHLNEhe HReth t BEH FRIPIFEE IR FARIDNES of a

rare eart nogheURakagig BLhRls! kAl Wl Shald-bicoOUPgaLLLOR Okd tar get of

sputtering g rnven und a € deSired m e recor di ng medi um

can be obtghpgdnlYchibe MBHHREicTRecBL@$RBL i nvention provides a magnetic
recordi ng mediumconprising a rare earth-transition netal all oy anorphous

filmas a magneti ;As @escdiibgd apeve , v eagiene dhch fegmes 1 tior a@tdilnglivegi um
is produced by a nethod that can easily obtains a perpendi cul ar magnetic
recordi ng ABAFBRPREVEARL™ AE GEBPFEGINEQnEELI BSBRoPEr R BateThalpfatedt

nvent i on DUChAgh BLSXLIRAQARELNRE 60k 1S EN AL 1AL gk gy naLpENd cul ar

magnetic r I'ng i'um Aavin esl nagnetic properfi wi t hout

changi ng t BepRE@ARAbhONSt Of s MdRABAF B &&Hﬁé‘&@ﬂm@n@&&%bﬂn@@rﬁé@' of
a target for sputtering. Mre specifically, the present invention has the

fol | owi ng &spdesired propsirtdssect Tof obbhain rmhentieehred propepeies cultals
magneti c recording nmedi umconprising at |east a soft nagnetic _underl ayer,

an under | afePcedvaRdfct? Chands dhggprepertiong of EheiTare fpthandeneptqui d

| ubri cant la }ﬁerth%qugﬂ Il%'l'o¥1 me'taﬂl in the composition. Once the

composition is fixed, however, the values of Ku and saturation
magnetic flux density (Ms) are uniquely determined. This makes
it difficult to design the magnetic propertiles in a balanced
manner by changing the composition. Moreover, when the intended
magnetic properties are to be obtained by adjusting the
proportions in the composition, it is difficult to readjust the
magnetic properties to the intended value, if the magnetic
properties vary during mass production, or if a variation occurs

in the composition of the target for sputtering with the progress



| am nat ed on a nonmagnetic substrate, wherein the magnetic recording |ayer
is§ arare earth-transition nmetal alloy anorphous filmformed by sputtering,
and wherein the formati on of the magnetic recording |layer by sputtering is
performed using a filmform ng gas incorporating 2% or nore, but 60% or

| ess of an Hz gas . A second aspect of the invention is a nethod for
produci ng a perpendi cul ar magnetic recordi ng nmedi um conprising the steps
of sequentially lanminating at |east a 30ff magnetic underlayer, an

under | ayerof apnaduetiont ecordi ng | ayer, a protective layer and a liquid

| ubricant |ayer on a nonmagnetic substrate, wherein the magnetic recording
|l ayer is a rare earth-transition netal alloy anorphous filmfornmed by

sputtering, and wherein the é |, 0Q._ 0 h jc recording |ayer by
sputtering is performed usin 8@&?&*n&?o%ﬁ#ngNgggafhgorporating 2% or nore,
but 60% or less of an HZ gas . More specifically, the nethod for producing

t he perpendi cul ar magnetic recording nmediumof the invention is as follows:

A nmet hod for produegreseatpentdeatbss aegardped L arthiot) fordpysiucing
conprising the steps of: ( 1) formng a soft magnetic underlayer on a
nonmagnet i @ Bebpendieulap)magnetihg zseconddngapedium havingf thendasired

under | ayer, é3é form ng a magneti c recording Iager on the underlayer, (4)
formng a d . = (5
BROPELLE\RFIBRFHLGHPY e iRhAdiane FREERAFRGNFAYLPD mafpl allgy

i ng a BRORELLFRF RIS SOV e e i -
ragnet | o r angrifblle) BN RR' o| fGheflo REPBERLEG) LAFertYSbe, HRERE T Liious

film the spheteaihf-£69NTd rormaRiadn k! €isMiPhauT fr:!eb@ﬂdinfgoﬂ.ﬂ?ért)y
sputtering, and the formation of the rare earth-transition netal alloy
anor phous ¥ithvoby thameed itogchange therpreeporst hons ofid makererarith gdement

incorporating 2% or nore, but 60%or |ess of an HZ gas.
and a transition metal in the composition of a target of

sputtering. The inventors found that the desired magnetic
recording medium can be obtained by this method.

The present invention provides a magnetic recording
medium comprising a rare earth-transition metal alloy amorphous
film as a magnetic recording layer, wherein the magnetic
recording medium is produced by a method that can easily obtains
a perpendicular magnetic recording medium having the desired
magnetic properties. The present invention further provides a
method for easily obtaining a perpendicular magnetic recording
medium having the desired magnetic properties, without changing
the proportions of a rare earth element and a transition metal
of a target for sputtering.

More specifically, the present invention has the
following aspects:

A first aspect of the invention is a perpendicular
magnetic recording medium comprising at least a soft magnetic
underlayer, an underlayer, a magnetic recording layer, a

protective layer and a liquid lubricant layer sequentially



According to the present invention, a perpendicul ar magnetic recording

nmedi um-havi ng the desired magnetic properties can be obtained by using a
rare earth-transition netal alloy anorphous filmas a magnetic recording

| ayer of the perpendicular magnetic recordi ng nmedi um and by addi ng an Hz
gas to a filmform ng gas and adjusting the anount of the HZ gas within the
range of 2% to 60%inclusive when formng the filmby sputtering. The

met hod for producing the perpendicul ar” rfagneti c recordi ng medi um of the
present i nvaminatedadn be penhagnetioysabstrate, pyvheedinethsi mggaatai sting
manuf acturing device . Thus , this nethod is suitable for mass production
of a hi gh-rtegerdiyg dayeat 12 areeove ¢iany hddianal tHen netabrd Lophanaephens o

di di duced by th thod_of th t has th
desi red megh '“”’%ﬁ% ohY 28t Lot 0 8RBt ERCaERgHELapanr (he

Tognet i IESALAg PESLLEL, T2, 900VE, 288 PLDEL, §DL 0 Sre BERER! 3a1AGaAUT €S

and advant e present ven Y oR W ~nore apparent Tromthe
fol | owi ng ﬂfﬁﬁrf@fmmggéa@m Stilgreofod Mok | But 606 6@nNLEsEtbeN

wi th the acconpanyi ng draw ngs RI EF DESCRI PTION OF THE DRAWNGS FIG 1 is
a schemat ianply tdasd . sectional view of a perpendicul ar magnetic recording
medi um according to the present invention; FIG 2 is h show ng the
dependence of t he A8REeR? adneasHsobthesinyention H-StEhE'e*p'EPﬂeﬁb‘i REPArCiBYnet i c

recording Mol L ARAY fabRet 18 ALESETind MU oBRLIEL ATLHY s €pkD 025
of sequentially laminating at least a soft magnetic underlayer,
an underlayer, a magnetic recording layer, a protective layer
and a liquid lubricant layer on a nonmagnetic substrate, wherein
the magnetic recording layer is a rare earth-transition metal
alloy amorphous film formed by sputtering, and wherein the
formation of the magnetic recording layer by sputtering is
performed using a film-forming gas incorporating 2% or more,
but 60% or less of an H, gas.

More specifically, the method for producing the
perpendicular magnetic recording medium of the invention is as
follows:

A method for producing a perpendicular magnetic
recording medium, comprising the steps of:

(1) forming a soft magnetic underlayer on a nonmagnetic
substrate,

(2) forming an underlayer on the soft magnetic
underlayer,

(3) forming a magnetic recording layer on the
underlayer,

(4) forming a protective layer on the magnetic

recording layer, and



FIG 3 is a graph show ng the dependence of the coercive force (Hc) of the

per pendi cul ar magnetic recordi ng nmedi um according to the present invention

on the anobunt of HZ gas added; and FIG 4 is a graph show ng the dependence
of the perpendicular magnetic ani sotropy constant (Ku) of the perpendicul ar
magneti c recordi ng nedi um according to the present invention on the anount

of Hz gas added. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS The present

invention will be described in further-detail below The first aspect of

the present invention reRhrafi®y h0 ApPRd NYBHISENE 18968 &heepBbEbBY PRI UM
The perpendi cul ar magnetic recordi ng nedi um of the present invention is
characteri tegern that a rare earth transition netal alloy anorphous filmis
used as a magnetic

wherein the magnetic recording layer is a rare
earth-transition metal alloy amorphous film,

the rare earth-transition metal alloy amorphous film is
formed by sputtering, and

the formation of the rare earth-transition metal alloy
amorphous f£ilm by sputtering is performed using a £film-forming
gas incorporating 2% or more, but 60% or less of an H, gas.

According to the present invention, a perpendicular
magnetic recording mediumhaving the desired magnetic properties
can be obtained by using a rare earth-transition metal alloy
amorphous £ilm as a magnetic recording layer of the perpendicular
magnetic recording medium, and by adding an H, gas to a
film-forming gas and adjusting the amount of the H, gas within
the range of 2% to 60% inclusive when forming the f£ilm by
sputtering.

The method for producing the perpendicular magnetic
recording medium of the present invention can be performed by
a simple procedure using an existing manufacturing device. Thus,
this method is suitable for mass production of a high-capacity
magnetic recording medium.

Furthermore, the magnetic recording medium produced by
the method of the present invention has the desired magnetic
properties, and proves suitable as a high-capacity magnetic
recording medium.

The above and other objects, effects, features and

advantages of the present invention will become more apparent

from the following description of embodiments thereof taken in



recording layer, this filmis formed by sputtering, and 2% to 60% i ncl usi ve
of an HZ gas is added to a filmformng gas used in filmformation. The
present invention is based on the finding that when a rare earth-transition
metal all oy anorphous material is to be formed into a filmby sputtering,
an HZ-containing gas is used as a gas for filmformation, and the
proportion of this HZ gas added is varied, whereby the nagnetic properties
can be controlled to any value. Hereinmaffter, the first aspect of the

i nventi on aéhjubet tes owi tigdine t ictahpdepDeg t@rdengeconpanyi ng drawi ngs
but the follow ng description shows an enbodi nent of the invention, and the
present invention is not limted thereto. FIG 1 is a schenmatic parti al
sectional view of a perpendicul ar netic _recording_nmedi um according to
the present invention. §Wo®ﬁspﬁ1?&éPNlthW§EpQP rlfeul ar magneti c
recordi ng nmedi um according to the present invention has a structure in
which at | east a soft magnetic underlayer 2, an underlayer 3 , a nmagnetic
recording layer 4p1cd A GlL@ igthdmale Dardidia dddtuighdiuRiilesas layer 6
are sequentially lam nated on a nonmagneti c substrate 1. In the present

i nvent i on, peteemdihcabame magnetist reterdingmedimphdacomingred ehiegbrdseer t o
used for a magnetic recording nmedium For exanple, a nickel -phosphorus
(Ni P) platEaveRrtd®mum (A1) alloy, chenical strengthened gl ass, or

crystallized glas n used as.a naterial .for the ubstr 1 The soft
magneti ¢ under| ayer néeisoe aﬂFq@hFesrLBqu&g c?rhea d§é) etnc(e |9 RI ) all oy,
but the Uséoﬂéeﬁﬂréﬂ?%n%‘%'ﬁ f9 §hdWo! $n PERE eﬂSé nd{\Cu PART {o alloy
can be obtained by adding Zr, No, Ta, Hf, Ti /or Wto Co anpl es of the

anor phous reeoBdify maldiay m@nﬁmabgl; y:ouswlpresehe imvesdriion ow &hiel ot €

CoZr Nb, CozZrH , and CoHf Ta, of which CoZrNb is particularly preferred. In
t he case off Gdzrap 3449Qﬂloy preferably contains 5 to 20 atonmic % of Zr
and 3 to 15 atom ¢,.% of, Nb. The In1t S he sof gnetlc

under| ayer 2 has g‘nI&optf’ lrr%l 9af"8e vV ry| kclﬁe ﬁe?‘ﬁ‘é ?(I‘:%ICQ[ft Fgﬂan%erdve
characterig§i&é Plich Hﬁgﬁﬁé'ﬁePﬁéﬂdﬂé@ﬂafrhééﬁé%ﬂénﬁec5¥&iﬁ§5$%aiuﬁhe
optimal value is 10 nmor nore, but 300 nmor |less. In the present

i nventi on, aacbaging ftar theepresimiy Lnrgnétioa olorthienanowht @f Hpygalkeadded; ded
bet ween the nonmagnetic substrate 1 and the soft magnetic underlayer 2. An
exanpl e of@R@is layer is an antiferromagnetic |ayer conprising an M all oy,

har d h di al
i raction of the Moachdts & SRR AU Eg (e AHANIAD Shoditted. i (s
thi ckness bérﬁéﬁ&%éﬁ?&i‘ nﬁé?ﬁgﬁergﬁis%rép&oc&@@t@m: a_k"@) upgleghayer 3 is

used to control the properiies of the magnetic recording |ayer 4. As the

under | ayer p8rpdndidular oagnlet ild kecosd lsgoedfiom axsnping forthepresepbvse of
preventing oxidation of the rare earth el enent. The use of a CoCr-based

al oy crysiBYenRkior; em, the emeuntrpbsH: Fag iaddefl-signals witten into the
magnetic recording layer is also very effective in producing a

per pendi cul ar magnetic recordi ng nmedium of a high recording density. The

filmthickness of pate de DMK PTIoN O PREFHRRED EMBIDIMENTIS t he present
invention, the substrate 1 is prepared by the custonmary nethod. A

conventlonal met hod, such as vapor deposition, sputtering, or CVD, can be
used for the filmformation of the soft na%netlc under |l ayer 2 and the
under | ayer The present invention will be described in further detail
below.
The first aspect of the present invention relates to a
perpendicular magnetic recording medium.
The perpendicular magnetic recording medium of the

present invention is characterized in that a rare earth-

transition metal alloy amorphous film is used as a magnetic



_ g _. 3. The magnetic recording layer 4 conprises a rare earth-transition
netal alloy anorphous film As a material for use in the rare
earth-transition nmetal alloy anorphous film an alloy-based naterial such
as ThCo or TbFeCo is used. The present invention is characterized by a film
formati on process for this magnetic recording layer 4. In the present
i nvention, the magnetic recording layer 4 is formed as a film by
sputtering. As will be described in detdil in the Exanple to be offered
| at er, 2% trecéfdingclageve Uiisnt Hin gias ficrmeddy tspud tieirdimgf, oandn@tghas. By
addi ng the HZ gas_and controlling the proportion of the H2 gas added, the
magneti c phOBeTRPLES bum Bk ARthr SRF Gk (RAGRA drhi FAA- FRIIE RO gaSt Heed
desired magnet.i.c properties n be i rted to th nefic . recordin
medi um of  £he prLERRFaFhofn: (e BRRESRE Yo Ciar L TH T eh At et Pt A
recording {a¥elvitbr & rarPedfnEkahk 2L 268 Mt 1001 2oy BrltBorb oY ERL 1A
protective layer can be used as tﬁe protective ?aye 5. g%r exanple, a
protecti veikayebe Easmeld Ngtoss aAllinmiblyy sphitearhng, can e cenphaygdg das
conventional material for a liquid lubricant |ayer can be used in the
liquid | ubiscased|ag argas For fhdanmfloamaltdion,candstid prarfdnidrapoifythher s
can be enp] oyed. The conditiong for the protective |layer 5 and the Ijquid
e cant Heof SO08G0ASauar L, 1 Phekolie CEHE M snetins Beomarti s SABr Pone
ordi nary i cordi ,dm wi t hout changed them Next, the second
aspect ofn?ﬁEE%ggéégig% aﬁglggghgéscribed. The second aspect of the
invention rel at es Hexrdinet twxl, the ¥drshtoaspeodust Nthaé IRB/RAHIDICHWHAL be
magneti c recording medium This nmethod for producing a perpendi cul ar
magnet i ¢ reéescdihgdmetitlymefmnancse ot hbesacpempanybag ainawillings | duitntheng at
| east a soft_pmgneti¢c under] ayer, an underI%¥, a nmagnetic recordingEl

ic

| ayer, a pfBtLe ihe efRyrip '. ghqw&uga qmhp Jgiﬁ’ﬁt PLyEhe dnventdifagh i ¢
SUbStrate’tﬂ@ﬁ%?éﬁeﬁ@e%ﬁggﬂﬁﬁbﬁ ECBBQ'Q?mH@XErthﬁrgtE?re earth-transition
r by "spu ah

netal alloy a phous firImtorne tering, the formation of the
magnetic recordi ngri@yer 1y &pdHEATL i SaPeid Drs&et Lendy widw | o for m ng
gas containing 2% or nore, but 60%or less of an H2 gas . In the present

i nvent i on, pehpendigul avmagnettie so¢ording medium according to the present

invention. As shown in FIG. 1, the perpendicular magnetic
recording medium according to the present invention has a
structure in which at least a soft magnetic underlayer 2, an
underlayer 3, a magnetic recording layer 4, a protective layer
5, and a liquid lubricant layer 6 are sequentially laminated
on a nonmagnetic substrate 1.

In the present invention, the nonmagnetic substrate 1
is formed from a material hitherto used for a magnetic recording
medium. For example, a nickel-phosphorus (NiP) plated aluminum
(Al) alloy, chemical strengthened glass, or crystallized glass
can be used as a material for the substrate 1.

The soft magnetic underlayer 2 may be an NiFe alloy or
a Sendust (FiSiAl) alloy, but the use of an amorphous Co alloy
is preferred. The amorphous Co alloy can be obtained by adding

Zr, Nb, Ta, Hf, Ti and/or W to Co. Examples of the amorphous



magneti c underlayer, the underlayer, and the protective |layer can be
performed by use of a technique such as vapor deposition, sputtering or CVD
The magnetic recording | ayer can be forned by sputtering. The
above-nenti oned respective |ayers can be formed separately, but is
preferably fornmed in a single step by use of sputtering. The liquid
| ubricant |ayer may be applied by dip coating, spin coating or the |ike
onto the nmagnetic recordi ng nedi um obtaiéned by the net hods descri bed above.
Accor di ng ¢® d1PREFirdvideised indthe2pgasent afdeftionagr&CozEN®f 2%
to 60%inclusive to the filmformng gas for use in sputtering in the
sput t eri nCeA=f f gnd GolidTiagno6fwhiheh riafirdth d sr pastdcngariyeprefyreeidi ng
the HZ gas_and controlling the anpunt of the HZJgas added, the magnetic

p;opﬁrti esI B LR CFRG Rk i omé%f gﬁ@ YR ERFe PP ERNERE R ERE o5 bFR r 4P | y.
I i 9% j
the amé‘@émfé 4 % e 3% §( gﬁ)lé\fﬁl+&ﬁf& { g o ’rﬁg fﬁirﬁe&ﬂ%ﬂ%s he

magneti c ani sSotropy constant e too great. € anou

H2 gas added e eed: RBYne?ict HRdetNeyeBapthad e optikhl Gamﬁstxb&rzf&grdi ng

| ayer 4 will become a longitudinally magnetized film Therefore, the anount

of the HZ whish ddded tirmaginueiec naldl ghlfactembsticbunf GDMagneltdeshebd whed
perpendi cul ar magnetic recording nmedi umof the present invention, the |ayer
for exercik® kpeRigHatd ¢ Haedier .+ Shenapthvaprodd wr d HdidneBnor Heore,
nonmagnet i.c éuy@%rgte 1 gnsd the soft magnetic underlayer 2, as stated
earlier. This,The™8t®h 6¥5Forning this layer may be further provided. As

this layer, it is mROERsPresedt? QYVele:oh Oh BAXATIPESr Aib RN} MAFREPEE! C.

| ayer conprising an Mh alloy, or a hard magnétic |ayer having magneti zati on
ori ent ed idondin catitaloldnay biel pnowidéd deatweamghie nonmagmietdicesdbs tsate

expl ained in connection with the first aspect of the invention. For the

formati on bfanithe g9&t magnethpiwpieriarar s vAPREHEDR AL Shisshaye®ri ng
or CVD, can_he empl.ayed. | f described nmore specifically e net hod_for
ot 0duG! ng TheT SPELERE omaonetIEl 1 198 PR e A ditimta L (E. T 4t

i nventi on OERELSES14PEr f RAY OMG "HaghEPSzatidn) ok DEnEEEPiNT thET FadPaR SOfL
magneti ¢ underl ayer on a nonmagnetic substrate, (2) the step of form ng an

under | ayerdimettitosobf thgnednmagneeitagebsttate) 1t helStdpi=offflon nisng a
magnetic recording |ayer on the underlayer, §4) the step of formng a
prot ecti vePFaytiedn e thiglaess deceratfagabdyept the qrdey afhd §pep0of
formng a liquid |ubricant |ayer on the protective |layer. Further, the
present i nV8htion is characterized in that

The underlayer 3 is used to control the properties of
the magnetic recording layer 4. As the underlayer 3, Ti, TiCr
or the like is used, for example, for the purpose of preventing
oxidation of the rare earth element. The use of a CoCr-based
alloy crystalline £film for the purpose of fixing signals written
into the magnetic recording layer is also very effective in
producing a perpendicular magnetic recording medium of a high
recording density. The film thickness of the underlayer 3 is
preferably 5 to 30 nm.

In the present invention, the substrate 1 is prepared
by the customary method. A conventional method, such as vapor
deposition, sputtering, or CVD, can be used for the film

formation of the soft magnetic underlayer 2 and the underlayer



- 12. the magnetic recording layer is arare earth-transition netal alloy
anorphous film the rare earth-transition netal alloy anorphous filmis
formed by sputtering, and the formation of the rare earth-transition netal
al I oy anorphous filmby sputtering is performed using a filmform ng gas

i ncorporating 2% or nore, but 60%or |less of an HZ gas. In the nethod for
production according to the present invention, a substrate for a magnetic
recordi ng medium (i.e., a nonmagnetic Substrate) is provided. Then, the
abovedescrid3ned steps ( 1) to ( 4 ) are perforned sequentially. In the
production nmethod of the present invention, the nonmagnetic substrate, soft
magneti ¢ under| ayefheymaghehier reppgaendclpgesr 4i AgMPEY8PS andapeot ecti ve

| ayer may be those descr.ibed in.cannection with the first _aspect, of _the

| Aventi on. SEBTPGIEAOEELRR AL AL LY BROTRERES THis ARSrISter For f9
magnetic reQr %“Q;h"e‘e@ab‘i@ A the 43l '%iotrﬂhﬁue"c%'l”%‘l:i_'lgﬁ' %n%'i%%‘h%t &ihp | N
this case, the glass substrate 1s preferably produced by a conventi onal
techni que, aandilvyi-Rised hizAirad ) Gudhedel abloned IbWHetee ils' e@lg@ent s, such
as snoot hing and cl eaning. The respective |ayers are sequentially |am nated
on this substrate. Thanpnasenh tavebtipnrisrabdractariheduby af £3pwtteri ng.
For exanpl gE t he steps gl) tao §_4%hcan be eIperformed by usi ng DC na]Tg{Eetron
sput t eri ng fQrmation EF@ egrefo tr;agnqtiq pegorddeg Lavpr Aot MeddsSsary
to take ou J:;Ebs% ft f j C each_td film
formation tcpan é&ggﬁ’%@ ggﬁt' ?ﬁeﬁé%ﬁ%@s ec;?.%ad :Ltmdg?é?evlf/i ta h%%tfc;s%?ﬁg%% hat
the respectd wa1ai sput tea-ipry.f onpegiseppealiebyriBanihh@etaspethi ¥Rest eps
are to be perforned separately, the steps (1), (2) and (4) can - 13

enpl oy t eclx¥aqpde dycheaoffeped depesit R&ntospOdét dnchysivid ¢F/Dan Adc@adi ng
to the present jnvention, 2%to 60%inclusive of an H2 gas is added to the

filmform AF §ddefuing GilmEtonnG 95 + R¥ AdghBgi theelorRhiPMyer in
th b - j i j t d t i th
e above @g@gﬁnﬁaﬁg&pﬂ?or o2 Mhd BE b450834800 £RD! hBLLLRAG! M

amount of the as t1ie nmagnetic propérties o he “magne

recordi ng pREpyPLEHE Rt WY (dtediadd thordn \arbiftidie Wy, end RhdlZ gas
added is | ower than 2% the perpendi cul ar magnetic ani sotropy constant (Ku)
wlll be todegigwd magnetie amaperidfes lpanHbegdmpadded dyec ddds MG@retde t he

ot her hand, the magneti ¢ recording |layer 4 will becone a |ongitudinall
magnet | zed FEAHRALAILEAGPE Of Hehe RRGRENS LpHent3ogas Temddt 1 tolakdess y 29

or more, by 6&%‘; Nadr@tic 'ﬂleéo*}%i%:?eﬁ%g}e Vet 1500, 'I{b'oe%e,r gxle*}%r.%gﬁ of
form ng a layer for “éxerci sing nmagmneti omain control may ‘be provideé

bet ween thaestepsd bm.and (2). As this layer, it is possible to provide,

for exanple, an antiferromagnetic |ayer conprising an vh alloy, or a hard
magneti c | ayer havAngonughtipraili pnotecthvedlamerheanatdpalrsdiir ast tba of the
nonmagneti c substrate_1, as explained in connection wth the first aspect

R d Wth th
of the i nv@RIHFLIS 1EKETT DY N oR*BPPLRr & PAPELCTLVLtIVRT O ShFt i
vapor deposidd teri & Vin} Dg;gg oyed. Formation of the
liquid I ub%écézf%{h]a}? r %rﬁ%ﬂ?erfor r?geg%lﬁ?n a conventional method. For
exanple, a |iquid AudgresiticdPiateRdapefdt 40l Dpeld abericant beyepRared by
dip coating, spin coating or the like onto the nmagnetic recordi ng nmedi um
obt ai ned bye heedtigpth¢ Iiguid Iybdiecant Jayeabdve Foscevanphg, tlwbrtig¢ants

above-descri bed net hod for producing the perpendjcul ar magnetic recording
medi um of t9He qﬂré‘s:lémropolyethers can be employed.

The conditions for the protective layer 5 and the liquid
lubricant layer 6, such as film thickness can use the conaitions
for the ordinary magnetic recording medium without changed them.

Next, the second aspect of the invention will be
described.

The second aspect of the invention relates to a method



- 14 .invention, when the rare earth-transition netal alloy anorphous film
is to be formed, an HZ gas is added to the filmform ng gas, and the
proportion of the gas added is adjusted. By so doing, it becomes possible
to adjust the conposition of the resulting rare earth-transition netal

al I oy anmorphous film w thout changing the conposition of the target of
sputtering. Hereinbelow, the present invention will be described in further
detail by an exanple. The followi ng exdfpte is an illustration of the
present i rianpreducdnd & Spdpendi@iidad magnkitiict ré86rfinganddiviventthds A
snoot h-surfaced chem cal strengthened gl ass substrate (for exanple, N5

gl ass subsethiad FosdpredubingiGy Rerpendicyd azsmagnehhegratordng steddum 1,

o e e e L 888 AHPAhTh Tetiiosd  nho 2 Pt Lordng
f Ti Cr i I iall
o 2 11O AL A Bt 30 N oh B UGB RS ARYELGNEREp SR o 1

forned. Thepkgsdbtids YBRENE! hAd L0519 uBHidaRINBSY b2 kdNa Ydnniagi8td yacuum
device within the sputtering device. The sputtering steps for formng the

respect i vesutssterst ene rvheadelirperieo meaghd trid e coustiogprlayeanner ayrade
magnetron sputtering at a gas pressure of 5 niforr. For the formation of the
magnet i ¢ reatit Hepnsliskon mptal adloy) amerpheyg filmfnimed by spufdesdingy +
HzZ) was rendered n th [ [tio th o..the total
flow rate %‘g 1:\‘I}aer fégxﬁéﬁ%&{l hoﬁq#ga'ﬁggn?ﬁ%c ﬁegv%rgajtn gfa %ﬁg@ilftpdla{:s’: e\%aiLsn é

adj ust ed t0s FphSEdrnRsh Vs Ufy al em -3 drinfiti gl dadPd Iddnaids didye 12 4 Y mordlg
per fl uoropol yether was formed to a thickness of 2 - 15 nmon the surface
of the madmet i60% emorkbswy eledarurH,bgadi.p coating to give a perpendicul ar
magnetic recordi n% medium In the above-described manner, the flow rate of
the H2 gas was vatPolfley PaRSsREd lnyepitdneether forntrédrar ofnghet soft

recordi ng nedi a.. Usin ach of .the netic_recording nedia asurenent s
were e TGN b Y ReGy, ST WD TRV S REA LR SRR Qe SPEHEATED >

and the Cck?éﬁib\éepéle%@fméhﬁ%iy a8d PEPeRAhAYLEE JRINAL Fapdt RPN ISt ant
(Ku) of the magnetic recording nedium The Tb and Co concentrations of the

magnet i ¢ rsgomotthmind ape CVier eThe asagrest 1y rlecuctiinge LpyEoupar dbd| fasmedt oni ¢
Em ssi on Spectroscopy (1 CP-AES). The ma%geti c property ( _coercive force (
He ) ) wasPeafREFER%ENS r ofilg ermeritionedu resrertivRe dayerFy C0 P8 at i ng

SATPLE, TRORELSIT Elo e RECMROE 4 S AR SAMAP AP SOIRECE)
t he di rect{bpnugg dhesp\oFreidg. t he substrate surface.

The liquid lubricant layer may be applied by dip coating,
spin coating or the like onto the magnetic recording medium
obtained by the methods described above.

According to the present invention, an H, gas is added
in an amount of 2% to 60% inclusive to the film-forming gas for
use in sputtering in the sputtering step for formation of the
magnetic recording layer. By adding the H, gas and controlling
the amount of the H, gas added, the magnetic properties of the
magnetic recording medium can be controlled arbitrarily. If the
amount of the H, gas added is lower than 2%, the perpendicular
magnetic anisotropy constant (Ku) will be too great. If the

amount of the H, gas added exceeds 60%, on the other hand, the



To investigate changes in the concentrations of Tb and Co in the magnetic
recording |ayer according to the anmount of the HZ gas added, conposition
anal ysis of the magnetic recording |ayer of the perpendi cular magnetic
recordi ng medi um was made for Tb and Co. FIG 2 shows changes in the
concentrations of Tb and Co versus the anount of an HZ gas added during
filmformation of TbCo by sputtering. In FIG 2, the amount ( ~ ) of the HZ
gas added represents the proportion of- ke anount of the HZ gas added to
the total mhgwetateretolrlénti Layber di fglgasecohe ahovhghifubi®allsg . when no
HZ gas was added, the proportions of Tbh atons and Co atons contained in the
magneti ¢ magnetipedofdiimg |'Byewvrefpre, diwitanpunig ofAthehd, gasuadded B2 gas

i ncreased, th%ﬁgrgiorti on of Tb atons t% Co atons decreased. Further, when
60% of Hz BEETRABPI¥IEE, OFnhBOF&ri BYSt 695 OF ¢8Sfas about 16:84. These

changes in the co Lo ’ﬁ%%% M%F I e

filmform ng gas ?i%)r??&n%é% |o£né]'gffaa r rlt;ézte%?tsﬁ]é-%lgﬁg} imE)e(rgut‘rrJgf glf gPIeoy
anor phous pr@aehitCineeatdong kawenayrspult ekicReisting Magpeftlicoasmafint he
rare earth elenent (Tb) and the transition nmetal (Co) vary greatly

accordi ng tontlrelamayitie piroMidgdsbatidean .tHeéhaogeagnetiikesgbetrave f ande (
He ) of the_ perpendi cul ar magneti c recordi ng nedi um according to the anount

( %) of HEPGa§ohldmaIReticeRBAPKLAYSF| & 35 sTeRked Rathifiyes Thysyhéhe

coercive faqr ver the_ amunt .of _H2. gas added hown. in FIG 3,
when a snma It%§n%€%%’r E‘éﬁ%ﬁ‘%‘“‘z@? e]c#“ aﬁzbﬁggr\%/ggrapd:d evai,d?cﬁ'z ége%]isvgaygﬁ,‘e

sharply deghki ngdpbsaibla k@epirevabeyt £3rk@%ampTkG an3abithiEeromBgwetibat as
t he amount of HZ gas added was increased, the coercive force decreased, but

t he manner lafyetrheonprisedng aasMnoalieyy cha thantheradgned iandayerohaMdngas
added was 60% the coercive force was about 2,000 Ce. Wth the amount of HZ

gas added P@PRgtigetiopherdeated, drs fheerddal ddggctdopr ofedd® Wth the
per pendi cu i .C rdi.ng ;medi_um,i rati % qf H S

| ongi t udi né?;lg'o g%%t'éﬁt So?’%%ﬁe t(%oelr‘c%\?eg}%’r&%g;\%%sgél s%%n(z)‘%é%g\?gd%i&ﬁeght%he
amount of Hrgasagpeled oreenbUdytidit! €a%ediné HoARANIdN 8£T @ Lf 188_%Ur ed
in the perpendicular direction was nearly zero. Hence, when a rare

eart h-transi technigtial, atithyasnvapdoutepegiietor, reqooritimind apeICVDs canbe

pr oduced b)t/) sputtering wwth the addition of HZ gas to the filmform ng gas,
t he amount P8f eMPle¥edadded i s preferably 60%or less. The - 17 |ower
limt of the anoun f Hz . i S..pr.efer.abl % because_ of the
demand for the coe#%i%veescfr&?%?@ggs%geﬁel%%ﬁ |1(,YUI %Irlgr?ggrlillgftgioéglf é%r élllcnélg

nmedi um W e p3tpBndicanas mald@edTRURe Rirdildgdaedaddeds $nadipelsagt
whereby the coercive force can be adjusted freely. Changes in the

per pendi cuiavemkdoat compmisetsr dine coldoaing( Istepsccordi ng to the anmount (%
of HZ gas added were exam ned. FIG_ 4 shows the changes in the

per pendi cul ar magnkl) c Bif SheroRF Eoneingt 2(skbit )magRetiqandafifyedt oz gas

added . Th eyl ar i C ani sotropy constant (Ku)was obtained from
a magneti c%t glr%él&glggﬁr%\%g S&%g%g&ﬁ'i n FIG 4, when no HZ gas was added, the

perpendi cul ar nmagnes) C HE SPESPRYE GEE¥MBTY dn Kihde PV the sopt 106
erg/cc which is very high value . When HZ gas was added to the filmform ng
gas, on theagneddchanderillayergl ue of the perpendi cul ar magneti c ani sotropy
constant (Ku) decreased. As shown in FIG 4, as the anount_ of HZ gas added
was increased, the(3al JdstaR ofefpERAPIUR IRRFRGREE i EeRTERT RV TP ant
(Ku) decr e% %d grdadh[a | y. When about 60% of H2 gas was added to the
filmforni 3‘ g &5 3Y8é-r'pendi cul ar magnetic anisotropy constant (Ku) canme
to 0.6 x 106 erg/cegq) Wiale HA- GRSt SEGH fArgRefect fife MBGRSE i gn @O di ng

| ayer becomes a |ongitudinally magnetized filmhaving an easy axis of
magnet i zat magniet iicheelcondgiingdilaylerdi ramet i on. As will be seen fromthe
measurenments of the perpendi cul ar magnetic ani sotropy constant (Ku) of the
per pendi cul ar magné® s)c the sterngf EmiRg ahbhawld Jubrdgant La¥a%I 1 dkenet al
al | oy am)rphoucls neﬁ‘i?c recording layer is to be produced by sputtering
with the a®fid5e %}e Y§4s to the fil mforning gas, the anount of HZ gas

added - 18 Further, the present invention is characterized in that



is preferably 60~ or less. Cenerally, a conposition close to the
conpensation point is used with the rare earth-transition netal anorphous
all oy system A slight variation fromthis conposition is known to cause
great changes in magnetic properties. The abovenenti oned changes in the
magnetic properties ( as shown in FIGS. 3 and 4 ) in the present invention
may be attributed to changes in the conposition of the rare
earth-transition nmetal alloy anorphous ¥agnetic recording | ayer as shown in

FIG 2 whithe hayndiaen reada@ahgdyakldrgas horahe datihsOrdn <0t URS niid Ng
formation of the rare earth-transition netal alloy anorphous nagnetic
recor di ng dldyar angrphmigprigslant theanare deamiist rearesi t dremetalarasl loy
earth-transition nmetal_ alloy anorphous magnetic recording |ayer is to be

formed by MARRRAYSHE L Hh 1% FRIENGS RIHARITCTING 11311 e fRFRRIlon &t the
proporti ol iR WS- AldehA S ARl St DRI SPYad DRI AP E L1211, OF L he

rare eart emen he Transition ne gnetic recording | ayer

can be adjgpitabriMd hst pereerneai s ohy of Fihm-EdMhg0§as Pid i Jh &g
kept constant. By so doling, the magnetic properties of the perpendi cul ar
magnet i ¢ rasc ardimugrene duwim 6n dae beBsisdfedan dH,aasr.bitrary val ue. The
present invention has been described in detail with respect to preferred
enmbodi ments, and StersH(liedobd4dpparent fromthe foregoing to those

skilled in the art_that ch sc.and _nodifications be e Wt hout
depar 1 ng 1 rom { n&™ H0ENTPSRORnEPESPEPOLGET SheRete Balad it q the Higrant
i ntention,; RGNS ©.a IShdieaAfePedded fhghBEib0r&QY¥LH1Rd Indditln changes and
nodi fications as fall within the true spirit of the invention. - 19

CLAI M5: 1.a Aquerguared iculsubstacpisd ) cle quosvl ded nedihem, c abjer iablowvg-at | east a
soft magnetic underl ayer, an under|ayer, a nmagnetic recording |ayer, a
prot ect | vaesgrbedmieps i(ddi Hol (b} i armparfipnmese §eaneniipylVani Fattéwe on a

cart hot r a1t d1e U SRR HLET T FETG By optd Aiiipsf il

formation QfpdiatBINKSH€ REGR O LA L af¥r SR dSF1&er, magnetic
recording layer, and protective layer may be those described
in connection with the first aspect of the invention. For
example, a chemical strengthened glass substrate for a magnetic
recording medium can be used as the nonmagnetic substrate 1.
In this case, the glass substrate is preferably produced by a
conventional technique, and further subjected to predetermined
surface treatments, such as smoothing and cleaning. The
respective layers are sequentially laminated on this substrate.
Lamination can be performed with the use of sputtering. For
example, the steps (1) to (4) can be performed by using DC
magnetron sputtering at a gas pressure of 5 mTorr. 1In this case,
it is not necessary to take out the substrate after formation
of each layer each time, and film formation can be carried out
in a single step. It goes without saying that the respective
steps can be performed separately. When the respective steps

are to be performed separately, the steps (1), (2) and (4) can



Is perfornmed using a filmformng gas incorporating 2~ or nore, but 60~ or
less of an H2 gas. 2. The perpendi cul ar magnetic recordi ng nedi um accordi ng
to claim1, wherein a |layer for exercising nagnetic donmain control is
further provided between the nonmagnetic substrate and the soft magnetic
underl ayer. 3. A nethod for producing a perpendi cul ar magnetic recording
medi um conprising the steps of sequentially lamnating at | east a soft
magneti ¢ underl ayer, an underlayer, a md@netic recording |ayer, a

protectiveemiok, teéthndqhégWut dbrvaesE deitdlong SpateenehyGarkdibybr.at e,

wherein the magnetic recording layer is a rare earth-transition netal all oy
annrphousfiIn1fornkdcgydtpgﬂuembngpraﬁdntcﬂnnﬂntﬂpnuf28h90ﬂﬂgnénbduséwarding
| ayer by sputterln% i s perfaorned using flln}forn1n% gas_jincarporating 2~

or nore, bOFf ¥HH: gAs|EFedgedghp FEed%?slm f°rm1’2’(§? 92s dNTHRGHGHLT 5PrB‘P6&G’é‘1 ng a
perpendi cul,gry NG 1'CEE AN JEUYLR 1 AU LBbhd-haR+ 36683 Hep (3) .

By adding the H, gas and controlling the amount of the H, gas
added, the magnetic properties of the magnetic recording medium
can be controlled arbitrarily. If the amount of the H, gas added
is lower than 2%, the perpendicular magnetic anisotropy constant
(Ku) will be too great. If the amount of the H, gas added exceeds
60%, on the other hand, the magnetic recording layer 4 will become
a longitudinally magnetized film. Therefore, the amount of the
H, gas added 1s preferably 2% or more, but 60% or less.

In the present invention, moreover, the step of forming
a layer for exercising magnetic domain control may be provided
between the steps (1) and (2). As this layer, it is possible
to provide, for example, an antiferromagnetic layer comprising
an Mn alloy, or a hard magnetic layer having magnetization
oriented in the radial direction of the nonmagnetic substrate
1, as explained in connection with the first aspect of the
invention. For the formation of this layer, a technique, such
as vapor deposition, sputtering or CVD, can be employed.

Step (3)

Formation of the liquid lubricant layer can be performed
using a conventional method. For example, a liquid lubricant
comprising perfluoropolyether may be applied by dip coating,
spin coating or the like onto the magnetic recording medium
obtained by the steps (1) to (4) described above.

According to the above-described method for producing

the perpendicular magnetic recording medium of the present



(1) formng a soft magnetic underl ayer on a nonmagnetic substrate, (2)
form ng an underl ayer on the soft magnetic underlayer, (3) formng a
magneti c recording |l ayer on the underlayer, (4) form ng a protective |ayer
on the magnetic recording layer, and ( 5 ) formng a liquid |ubricant |ayer
on the protective layer, wherein the nmagnetic recording layer is a rare
earth-transition netal alloy anorphous film the rare earth-transition
metal alloy anmorphous filmis formed byl4puttering, and formati on of the

rare eart h-intvenionqwii@h aheatdoy et giitiorbiie 8altd ¥Toy @moEpheilsor med
using a filmformng gas incorporating 2% or nore, but 60%or |ess of an HZ
gas. film is to be formed, an H, gas is added to the film-forming gas,
and the proportion of the gas added is adjusted. By so doing,
it becomes possible to adjust the composition of the resulting
rare earth-transition metal alloy amorphous film, without
changing the composition of the target of sputtering.

Hereinbelow, the present invention will be described in
further detail by an example. The following example is an
illustration of the present invention, and is not intended to
limit the present invention.

Example

A smooth-surfaced chemical strengthened glass substrate
(for example, N-5 glass substrate produced by HOYA) was used
as a nonmagnetic substrate 1, and cleaned. Then, the glass
substrate was introduced into a sputtering device, where 200
nm of a CoZrNb amorphous soft magnetic underlayer, 15 nm of a
TiCr underlayer, and 30 nm of a TbCo magnetic layer were
sequentially formed, and 5 nm of a protective layer comprising
carbon was finally formed. The resulting magnetic recording
medium was taken out from a vacuum device within the sputtering
device. The sputtering steps for forming the respective layers
were all performed in the customary manner by DC magnetron
sputterling at a gas pressure of 5 mTorr.

For the formation of the magnetic recording layer (TbCo
layer), the total flow rate of gases (Ar + H,) was rendered
constant, and the proportion of the H, gas to the total flow rate
was varied. By this means, the flow rate of the H, gas was

adjusted to a desired value. Then, a liquid lubricant layer

comprising perfluoropolyether was formed to a thickness of 2



5. The method for producing a perpendicul ar magnetic recordi ng nedi um
according to claim3 , further conprising a step of formng a | ayer for
exerci sing magnetic domain control. 6. The nethod for producing a

per pendi cul ar magnetic recordi ng medi um according to claim4, further
conprising between the step ( 1) and the step ( 2 ) a step of formng a
| ayer for exercising nagnetic domain control. - 21 7. The method for
produci ng a perpendi cul ar magnetic recd®ding nmedi um according to claim 3,
wher ei n t lnen snfihenBgpebte omdhemyfiet ideeubdaihaesdidndytdip Roakaealy ve

| ayer are formed by sputtering. 8. The method for producing a perpendicul ar
magnet i ¢ t@c@iyenq pedipemdicedadi maane tdicainecordingr sieditme soft magnetic
under| ayer of the_step ( 1) ,_the underlayer of the_step g 2 % ,.and the
protective |ayer bR ?ﬁ% ahre rdesgribed MATNREF HyFhep filel, Fage of the H,

s MR R RB oK X, RPR R0 R B ofipge Regpendicular magnetic
pv! ~yt o] e de¥oaaliedy araliaal.cabsahgadsdh Cod cale MLHAAlC Heerheidle ak@akcal cal ¢
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} ca} ca} cafm}sm}eo@rﬂ?] ?la]re?]ngd]acg‘;‘ca]lea‘]'bae}ma](zxa]qmm]osm]tma]tiajm]afa]tm] caj ca

ca] ca] ca] ca] ca] ca!l
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perpendicular magnetic anisotropy constant (Ku) was calculated

from a magnetic torque curve measured in a plane including the

direction of the normal to the substrate surface.

To investigate changes in the concentrations of Tb and
Co in the magnetic recording layer according to the amount (%)
of the H, gas added, composition analysis of the magnetic
recording layer of the perpendicular magnetic recording medium
was made for Tb and Co. FIG. 2 shows changes in the
concentrations of Tb and Co versus the amount of an H, gas added
during film formation of ThCo by sputtering. In FIG. 2, the
amount (%) of the H, gas added represents the proportion of the
amount of the H, gas added to the total flow rate of the
film-forming gas. As shown in FIG. 2, when no H, gas was added,

the proportions of Tb atoms and Co atoms contained in the magnetic



10%& ()-, 109 ()-&$10%& ()- aylOo¥hh& ()->~ B8 110";109& ()-1.!'10%& ()-f hyY
F109&' ()- YY 109K ()- @O0%& ()- YYF'10%' ()-F
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1zl "P@ 110! cY& 10 10 10 10!~ '109%& ()-4!"~l !'10%h& () -4l
F109%&R' ()-4'hY& 109 ()-!'e'}[9P@ 1! qYy! 109 () -Z% hYy! 109%&' () - Z%yy! 109%&' () -
Z%B cF' 109 ()- F'10%& ()-!F!'10%& () - <wi [1R/@ 1'qYy! 10% 10EE 10EE
10EE! Yy! 102&E8r(ingd%a XybT0¥Brée) aBbiYyR2098]& X - 796 Yarhd@dWR' ¢ - LY a)s} [ IMD 1!
h!109&' ()-!"! 10%& 8)-! KI109%&' ()- 910%&k )- T10%&' ()-'S T10%& ()-)][\}[9+@
10! ¢' ! 109gipyreased] otRe( proporyd@n( pf Tpl agoms(ro! CovRteps! decgegsed-\ | A $
/' dE@ Further, when 60% of H, gas was added, the ratio of Tb to Co was
about 16:84. These changes in the composition show that when
H, gas is added to the film-forming gas during formation of a
rare earth-transition metal alloy amorphous magnetic recording
layer by sputtering, the proportions of the rare earth element
(Tb) and the transition metal (Co) vary greatly according to
the amount of H, gas added.

Coercive force (Hc)

Changes in the coercive force (Hc) of the perpendicular
magnetic recording medium according to the amount (%) of H, gas
added were examined. FIG. 3 shows the changes in the coercive
force (Hc) versus the amount of H, gas added. As shown in FIG.

3, when a small amount (about 2%) of H, gas was added, the coercive
force sharply declined £from 15 kOe to about 9 kOe. FIG. 3 further
shows that as the amount of H, gas added was increased, the

coercive force decreased, but the manner of the decrease was
not very sharp. When the amount of H, gas added was 60%, the
coercive force was about 2,000 Oe. With the amount of H, gas
added being 70%, the coercive force was 1,000 Oe or less. With
the perpendicular magnetic recording medium incorporating 70%
of H, gas, a longitudinal component of the coercive force was
also observed. When the amount of H, gas added was further

increased, the coercive force measured in the perpendicular
direction was nearly zero. Hence, when a rare earth-transition
metal alloy amorphous magnetic recording layer is to be produced

by sputtering with the addition of H, gas to the film-forming

gas, the amount of H, gas added is preferably 60% or less. The
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more because of the demand for the coercive force of the
perpendicular magnetic recording medium. Within such a range,
the amount of H, gas added is adjusted, whereby the coercive force
can be adjusted freely.

Perpendicular magnetic anisotropy constant (Ku)

Changes in the perpendicular magnetic anisotropy
constant (Ku) according to the amount (%) of H, gas added were
examined. FIG. 4 shows the changes 1n the perpendicular
magnetic anisotropy constant (Ku) with the amount of H, gas added.
The perpendicular magnetic anisotropy constant (Ku) was obtained
from a magnetic torque curve. As shown in FIG. 4, when no H,
gas was added, the perpendicular magnetic anisotropy constant
(Ku) was about 3.5 x 10° erg/cc which is very high value. When
H, gas was added to the film-forming gas, on the other hand, the
value of the perpendicular magnetic anisotropy constant (Ku)
decreased. As shown in FIG. 4, as the amount of H, gas added
was increased, the value of the perpendicular magnetic
anisotropy constant (Ku) decreased gradually. When about 60%
of H, gas was added to the film-forming gas, the perpendicular
magnetic anisotropy constant (Ku) came to 0.6 x 10° erg/cc. When
H, gas is added further, the magnetic recording layer becomes
a longitudinally magnetized film having an easy axis of
magnetization in the longitudinal direction. As will be seen
from the measurements of the perpendicular magnetic anisotropy
constant (Ku) of the perpendicular magnetic recording medium,
when a rare earth-transition metal alloy amorphous magnetic

recording layer is to be produced by sputtering with the addition

of H, gas to the film-forming gas, the amount of H, gas added
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system. A slight varlation from this composition is known to
cause great changes in magnetic properties. The above-
mentioned changes in the magnetic properties (as shown in FIGS.
3 and 4) in the present invention may be attributed to changes
in the composition of the rare earth-transition metal alloy
amorphous magnetic recording layer as shown in FIG. 2 which have
been induced by H, gas to the £film-forming gas during formation
of the rare earth-transition metal alloy amorphous magnetic
recording layer.

As the present Example demonstrates, when a rare
earth~transition metal alloy amorphous magnetic recording layer
is to be formed by sputtering, an H, gas 1ls added to the
film-forming gas, and the proportion of the gas added is adjusted,
whereby the proportions of the rare earth element and the
transition metal in the magnetic recording layer can be adjusted,
with the composition of the target of sputtering being kept
constant. By so doing, the magnetic properties of the
perpendicular magnetic recording medium can be adjusted to an
arbitrary value.

The present invention has been described in detail with
respect to preferred embodiments, and it willl now be apparent
from the foregoing to those skilled in the art that changes and
modifications may be made without departing from the invention
in its broader aspects, and it is the intention, therefore, in
the appended claims to cover all such changes and modifications

as fall within the true spirit of the invention.
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CLAIMS:
1. A perpendicular magnetic recording medium comprising at
least a soft magnetic underlayer, an underlayer, a magnetic
recording layer, a protective layer, and a 1igquid lubricant layer
sequentially laminated on a nonmagnetic substrate,
wherein the magnetic recording layer 1s a rare
earth-transitionmetal alloy amorphous £ilm formed by sputtering,
and
formation of the magnetic recording layer by sputtering

is performed using a film-forming gas incorporating 2% or more,

but 60% or less of an H, gas.

2. The perpendicular magnetic recording medium according
to claim 1, wherein a layer for exercising magnetic domain
control is further provided between the nonmagnetic substrate

and the soft magnetic underlayer.

3. A method for producing a perpendicular magnetic
recording medium, comprising the steps of sequentially
laminating at least a soft magnetic underlayer, an underlayer,
a magnetic recording layer, a protective layer, and a liquid
lubricant layer on a nonmagnetic substrate,

wherein the magnetic recording layer is a rare
earth-transitionmetal alloy amorphous £ilm formed by sputtering,
and

formation of the magnetic recording layer by sputtering
is performed using a film-forming gas incorporating 2% or more,

but 60% or less of an H, gas.
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o9& ()- 10 (2) forming an underlayer on the soft magnetic
underlayer,
(3) forming a magnetic recording layer on the
underlayer,
(4) forming a protective layer on the magnetic
recording layer, and
(5) forming a liguid lubricant layer on the protective
layer,
wherein the magnetic recording layer is a rare
earth-transition metal alloy amorphous film,
the rare earth-transition metal alloy amorphous £film is
formed by sputtering, and
formation of the rare earth-transition metal alloy

amorphous f£ilm by sputtering is performed using a film-forming

gas incorporating 2% or more, but 60% or less of an H, gas.

5. The method for producing a perpendicular magnetic
recording medium according to ¢laim 3, further comprising a step

of forming a layer for exercising magnetic domain control.

6. The method for producing a perpendicular magnetic
recording medium according to claim 4, further comprising
between the step (1) and the step (2) a step of forming a layer

for exercising magnetic domain control.
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7. The method for producing a perpendicular magnetic
recording medium according to claim 3, wherein the soft magnetic
underlayer, the underlayer, and the protective layer are formed

by sputtering.

8. The method for producing a perpendicular magnetic
recording medium according to claim 4, whereiln the soft magnetic
underlayer of the step (1), the underlayer of the step (2), and

the protective layer of the step (4) are formed by sputtering.



