- 1 ,PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND METHOD FOR PRODUCTI ON
THEREOF BACKGROUND OF THE | NVENTI ON  FI ELD OF THE | NVENTI ON Thi s i nvention
rel ates to a perpendi cular magnetic recording mediumto be nounted on
various magnetic recording devices, and a nethod for producing it.
DESCRI PTI ON OF THE RELATED ART Wth the increase in the capacity of
magnetic disc' recorders, a demand is grow ng for the high recording
density of nagnetic recordlng medi a. "Of conventi onal magnetic recording
systens, a |ongitudinal magnetic recordi ng systemis predomn nant.
Recently, a perpend net|c recordllg_ S stenthas attracted
attenti on as=a“tectmtt 3 ' P . R dieipld |
magneti c recordlng A perpend| R t* rdlng nedluntlncludes as
constituent elenents, a magneti #ﬁ%r#%ééﬁfof a hard nmagnetic '
material, and a underlayer nmade of a soft magnetic material and playing a
role in concentrating a nagnetic flux generated by a nagnetic head which
is used for recording i nt oBACKEROBNDI OFNFHEQYRVENATON material for the
magnetic recording layer of the perpendicul ar magnetic recording medium a
CoCr - based al | oy crystalline filmis nalnly used at present. 2 Wth this
"film a coercive.force (Hc) of 4,000 is a maxi mum val ue,
and a further increase in-t thcEIéLS% cg%\r/éﬁf%rwmf'%l%cessary for achieving a
hi gher density. Fulfillnment 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 ié growing for the high recording_density
of magnetic recording media. Of conventional magnetic
recording systéms, a longitudinal magnetic recording system is
predominant. Recently, a perpendicular magnetic recording
sYstenlhas attracted attention'as a technique for achieving the
high recording density of magnetic recording.

A perpendicular magnetic recording medium includes, as
consfituent glements, a magnetic recording layer of a hard
magnetic material, and a underlayer madé 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.



; rial for nmagneto-optical recording, a rare earth-transition netal
QISI gynzagrphous fil mgi S useg. Since this filmhas a high perpendicular I
magnetic ani sotropy constant (Ku), it is also very promising as a materia
for a magnetic recording |ayer of a perpendicular nmagnetic recording _
medi um However, a conposition close to the conpensation point is used in
magnet o-optical recording. He in this conposition range is consi der ably
greater than He required of a material for . per pendi cul ar nmagnetic

recor di ng.WiEh deduks ifiddn .aBoveeraiver Eorert (He) ansitho vl 000 oe

amor phous film | s.eﬁﬁect d.-to he ufsed as a material for a perpendicul ar
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- method for producing
c a composition close to the compensation point is used in
magneto-optical recor.ding. Hc in this composition range isg
considerably greater than Hc required of a material for
Pperpendicular magnetic recording. |

As described above, a rare earth-transition metal alloy
amorphous film is expecfed to be used aé a material for a _
perpendicular magnetic recording medium. To méet this
expectation, it ié necessary to change its magnetic properties
to desired properties. To obtain the desired properties, .it is
conceivable to change the proportions of the rare earth element
and the transition metal in the composition. Once the
‘composition is fixed, however, the values of Ku and saturation
magnetic £lux density (Ms) are uniquely determined. This makes
it difficult to design the magnetic properties in a balanced
manner by changing the composition. Moreover, when the intended
magnetic properties aré Lo 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 pProgress



a perpendi cul ar magnetic recordi ng nmedi um having the desired magnetic
properties by using a rare earth-transit ion netal alloy anorphous film as
a magnetic recording |layer, and using sputtering for the formation of this
magnetic recording layer, wthout the need to change the proportions of a
rare earth elenent and a transition nmetal in the conposition of a target
of sputtering. The inventors found that the desired nmagnetic recording
medi um can be obtained by this nethod. —-Exanpl e enbodi nents of the present
invention seek to provide a nmagnetic recording mediumconprising a rare
earth- trarg pireduaeieh. al | oy anorphous filmas a magnetic recording

| ayer, wherein the magnetic recording nediumis produced by a nethod that

can easily obtains a perpendsoMhARY NAgett cTeaerdinng medi um havi ng t he
- desired nmagnetic properties. The exanple enbodi nents further seek to

provi de a nethod f easily gbtaining a perpendlcular magneti c recording
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performed using a film
and a transition metal in the composition of a target of
sputtering. The inventors found that the desired magnetic
recoxrding medium can be obtained by this method.

Example embodiments of the present invention seek to
provide 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
example embodiments further seek to provide 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.

In accordance with a first aspect of the present
invention, there is provided 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



an underl ayer on .the_soft magnetic underl ayer

form ng gas incorporating 2% or nore, but 60%or less of an H2 gas. In
accordance with a second aspect of the present invention, there is

provi ded a nethod for producing a perpendicular nagnetic recording medi um
conprising the steps of sequentially lamnating at |east a soft magnetic
under| ayer, an underlayer, a nmagnetic recording |layer, a protective |ayer
and a liquid Ilubricant |layer on a nonmagnetic substrate, wherein the
magnetic recording layer is a rare earth-transition netal alloy anorphous
filmfornmed by sputtering, and formationdof the nmagnetic recording |ayer
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gas.

In accordance with a second aspect of the present
invention, there is provided 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-transition metal alloy
amorphous film 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.

In accordance with a third aspect of the
present invention, there is provided 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,

(d) forming a protective layer on the magnetic

recording layer, and



earth-transition netal alloy anorphous film the rare earth-transit ion
netal all oy anorphous filmis fornmed by sputtering, and the formation of
the rare earth-transition netal alloy anorphous filmby sputtering is
performed using a filmformng gas incorporating 2% or nore, but 60% or

| ess of an H2 gas. In exanple enbodi nents, a perpendicul ar nagnetic
recordi ng nmedi um havi ng the desired nagnetic properties can be obtained by
using a rare earth-transition netal allo anor phous filmas a magnetic
recording |ayer of the perpendicular ragnetic recording nmedium and by

adding an H2 gas to(s fﬂo'rﬂi‘inﬁoé@ﬂ@gﬂﬁ%@l‘icﬁﬁh@é%@ﬂ Shecamytaf 1 toe H2
gas within the range of 2% to 60% i ncl usive when Tormng the film by
sputtering. la¥srmet hod for producing the perpendi cul ar magnetic recording

medi um of the exanple enbodhnents can be perfornmed by a sinple procedure
usi ng an existing MARGFAEt EFENGRERSTEE. TeHE NG Hityefetfod FarSuitabl e for

mass producti 1G5, ¢aRagi t L ording medi um Furthernore,
“the nagneti%éfg%iﬁﬁﬁhé}éggﬂ UWIp?O uéggggggkﬁﬂéﬁﬁe§ﬁ%ﬂ’of t he exanpl e

embodi nents has t hehdeshredeartgnebhsitpriepenttes, alrg prOYSSoEifiakl esas a
hi gh-capacity magnetic recording nedium The above and ot her objects,
effects, fe%?ﬁm%%q@ﬁé*@ﬁﬁ@ﬁﬂ%@e§ﬂﬁi the present invention will become nore
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gas incorporating 2% or more, but 60% or less of an H; gas.

In example embodiments, a perpendicular magnetic
recording medium having the desired magnetic properties can be
obtained by using a rare earth-transition metal alloy
amorphous film 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 film by
sputtering.

The method for producing the perpendicular magnetic
recording medium of the example embodiments 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 example embodiments 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



.per pendi cul ar magnetic recordi ng nedi um according to the present

invention; FIG 2 is a graph showi ng the dependence of the concentrations
of Tb and Co in the perpendicul ar nagnetic recording nediumaccording to
t he present invention on the anmount of H2 gas added; FIG 3 is a graph
show ng the dependence of the coercive force (Hc) of the perpendicul ar
magneti c recordi ng nmedium accordi ng to-téie present invention on the anount

of H2 gas addeduncandnFiw&thd the AcHARANTIAW AFaldiifdependence of the
per pendi cul ar nmagneti c ani sotropy const agrilflt1 P‘Kl% a(t')ﬂ%l tg%é per pendi cul ar

magneti c recordi ng medi um according to the present invention on the anount
of H2 gas added. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The present
invention will be descri FRREEH PEFCRHERTHAN HF THRIDRAWINGST|rst aspect of

the present invention relates to a perpendicular nagnetic recording
medi um The perpendi cul ar magnetic recordi ng nmedi um of the present

invention is characggf] zedid nyt - fransition petal _alloy
anor phous filmis used as a mggnﬁ?@agﬁ?%%%%gé?%yﬁ??agwgg i P s

formed by sperpendigulanthafiiaic 68bkathysion vl adlotll1fatd EndPitgeht 2
filmform ngn{?;as used in filmformation.. The present 1 nvéntion I's based on

the finding fatioken a rare earth-transition netal all oy anor phous

material is to be into a filmby sputtering, an H2-contai ning gas
is used as a gas f(ﬁﬁfr'i I%j}soﬁraq’f?ﬂ? e thepipperienge t of sthe

concentrations of Tb and Co in the perpendicular magnetic
;‘ .. } recording medium according to the present in%rention on the amount
of H, gas added;
' FI1G. 3 is a graph shbwing the dependence of the coercive
force (Hc) of the perpendicular_magnetic recording medium
according 1_:o_the present invention on the amount of H, gas added;
and - -

FIG. 4 is a graph showing the dependence of the
perpendicular magnetic anisotropy constant (Ku) of the
perpendicular magnetic recording medium according to the present

invention on the amount of H, gas added.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will be déscribed 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



‘H. gas added is varied, whereby the magnetic properties can be controlled
-to any value. Hereinafter, the first aspect of the invention will be
described with reference to the acconpanyi 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 schematic partial sectional
view of a. perpendicul ar magnetic recordi ng nedi um according to the present
invention._ As shown in FIG 1, the perbeTndi cul ar magnetic recordi ng medi um
accor di ng TP VLYY LafrT i iials i Dhlmaks £omted tyusputitediing) aind ©aSt R
sof t magnetdL i‘iﬁﬁ%{sl,‘a S0 ard underl ayer 3, a magnetic recording |ayer 4,
a protective layer o5 a9 Mzg¥78 F2Rddekhitq &y fLle-Formdaguensi akky
| ami nat ed irP8; ImBWVRINESA C SHILS . ln the present invention, the
nonmagneti c substrate. | I?'s for n%%a%rggﬁifvr?é}te’ﬂ[gils %R B thefinding
nmagnet i ¢ rdedr ¢hsg a fradielwar£10L t BXAEPL fon FndtiaGK Q&%}&{U N | gt ed
alum num (Al) alloy, ph_e_m'_cal st rengt h%%eﬁ&ﬁagg%ggr cr sl'fojﬁ(fnigérSF@ss
can be uséé & Benfoermed| inbo & ifd isubst sphetdridhe ﬁfﬁz_%gr&g&hg_ngnggrsl ayer

2 may be an N Freioalloy or a Sendust (FiSiA) alloy, but the use of "an
amor phous G YEF0$S ? 9% diogy fddm Fremakbophoasd Ghealdmypari die ogbtaiged by

addi ng Zgy Ti_.and/or Wtq Co. Exanples of the anorphous .8 _
Co al l oy przegg?a% ye(gﬁsie% ‘fanrjt%(i' ﬁ?b%’%éghy ithPe ARO5E tdce PoePeNb LesCognHbe and

CoHf Ta, olcoMtr@L1EX i drsy RAdid&ul arly preferred. In the case of CoZrNo,
its alloy preferably contains 5 to 20 atomc %of Zr and 3 to 15 atomc %

of No. The film tHerkheastenf, the Sofbtragnest GG iaYaht3 oS80 £RL1 Ml
..}value Var%gg%ribed‘with.refe;ence to the accompanying drawings, but the
following description shows an embodiment of the invention, and

the present invention is not iimited thereto.

FIG. 1 is a schematic partial sectional view of a
perpendicul&rmagneticrecordingmedimnaccordingtothepresent
invention. As shown in FIG. 1, the Qerpendicular magnetic
recording mediuam 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 exémple, a nickel-phosphorus (NiP) plated aluminum
(Al) alloy, chemical strengthenéd glass, or crystallized glass
can be used as d material for the substrate 1.

The soft magnetic underlayer 2 may be an NiFé 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

Z2r, Nb, Ta, Hf, Ti and/or W to Co. Examples of the amorphous



Wi th the structure and characteristics of a magnetic head used in

ing. Preferably, the optimal value is 10 nmor nore, but 300 nm or
{Zggrdlngthe presentyinvention, a layer for exercising nmagnetic d(ﬁnalnft
control may be provided between the nonmagnetic substrate 1 and the so
magnetic underlayer 2. An exanple of this layer is an antiferromagnetic
| ayer conprising an M alloy, or a hard magnetic | ayer havi ng
magneti zatjon oriented in the radial dlfectlon of the“nPnnagnetlc .
substrate $° P410¥iBreferabdy psedi dedthetsréesenknossensig ofay adargd | the
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medi um of @f ik sofic oratinet densiderlakia: 2 hast Bhckpesta Plvd g %g:%rf_rl?%er
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layer 4 cOypEi3@6 dm'drelegalth-transition nmetal alloy anorphous film As a
material for wuse in the rare earth-transition netal alloy anorphous film

In the present invention, a layer for exercising magnetic
domain control may be provided between the nonmagnetic substrate
1 anﬁ the soft magnetic underlayer 2. An'example of this layer
is an antiferromagnetic layer comprising an Mn alloy, or a hard
magnetic layer having magnetization oriented in the radial
dire.ction of the nonmagnetic substrate 1. TIf this film is
provided, its thickness is preferably of the order of 5 to 300
nm.,

The underlayer 3 is used to control the properties of

- the magnetic recording layer 4. As the underlayer 3, Ti, TiCrc
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 crystaliine 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. Tﬁe £ilm thickness of the ﬁnderlayer 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



.an al | oy-based material such as TbCo or TbFeCo is used. The present

I nvention is characterized by a film formation process for this magnetic
recording layer 4. In the present invention, the magnetic recording |ayer
4 is formed as a filmby sputtering. As will be described in detail in the
Exanple to.be offered later, 2%to 60%inclusive of an H2 gas is added to
afilmformng gas. By adding the H2 gas and controlling the proportion of
the H2 gas_. added, the nagnetic properfi%§ can be controlled to an
arbitrary walue, and the desired nmagnetic properties can be inparted to

t he magnetic recqy din | um of the present invention. The filmthickness
of the magnetic re&%’ CELIRAING olaymr né, opmprisabl § rabeto 50 nm

A convent iy lnﬁM_fe‘f be_used as the protective |ayer 5. For
exanpl e, a pr ol%.g%ﬁl\?“géi g‘g%r cor%s%gﬁoﬁ’gm“‘égg]éﬂl‘?a‘{]y;f“ﬂof Agp st exipbdor

enpl oyed. ukeahyertié of@ke N84 LEh 2 rdRE 181 bha hu b2 be used
in the liquid |ubricant layer 6. For JIéxgraripz1 iélé‘ﬂ ubfblirlgéﬁ °5§E0us tiim

per f | uor o3t yfte]tl@r-sbmﬂ brea bepl @y esucil has copdbt bgngbf.-géot he pualective
| ayer 5 and the |Iglel | ubricant layer 6, such as filmthickness can use

the conditions tpl’f"@stﬁnd:l Adrpntdgretis ghrumakegismilibym ai £howt _changed

them Nextg Haq}qﬁﬁ%%c%ssp ;Et he |8ve1rgt |con wi Il be described. The

second aspect o i nven 5t Be9RgticEerending ﬁﬁlirelpr‘bdudmngha
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sequent i aldl Filanibtsputtdrimpst az safill be described in detail in the
Example to be offered later, 2% to 60% inclusive of an H, gas
is added to a film-forming gas. By adding the H, gas and
controlling the proportion of the H, gas added, the magnetic
properties can be controlled to an arbitrary value, and the
desired magnetic propertles can be imparted to the magnetic
recordlnglnedlum of the present lnventlon The £ilm thickness
of the magnetic recording laver 4 is 5 to 100 nm, preferably
10 to 50 nm.

A conventional protective layer can be used as the
protective layer 5. For example, a protective layer consisting
essentially of carbon can be employed.

A conventional material for a liquid lubricant layer dan
be used in the liquid lubricant layér 6. For example, lubricants
of perfluoropolyethers can be employed.

The conditions for the protective layer 5 and the liguid
lubricant layer 6, such as film thickness can use the conditions
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



:magneti c underlayer, an underlayer, a magnetic recording |ayer, a
protective layer, and a liquid lubricant |layer on a nonnagnetic - substrate,
wherein the magnetic recording layer is a rare earth-transition netal

al I oy anorphous filmfornmed by sputtering, and the formation of the
magneti c recording |layer by sputtering is perfornmed using a filmformng
gas containing 2%or nore, but 60%or |ess of an H2 gas. In the present

i nvention, the formation of the soft ~nHynetic underlayer, the underlayer,

and the pf&FeRrPducinger peygrerbi peldomrrrhdiy digecobdanienbalgne Shiehsas
vapor deposi.tian sputtering or CVD. The magnetic recording |ayer can be
f or med bil'eéléi%?%[ Epr Coqyeing & Pempendisad arcupgoet ie tegerdingmdédiwhor ned

separ at el but: J f ly. formed in a single step by use of
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added i nagprebeutivel a3, casd% 1ﬂqh§!§il%ﬂi%éd{eléiréﬁ}c{]rpérﬂé}gn&ftfegfé use
in sputtering in the sputtering step for formation of the nmagnetic
recor di ngSPRp&ratpy wheredn: kbeHmagms tind reoniddg Naiydhe @audrof the H2

gas added he magnetic properties of the magnetic recording nmedium can be
control | e§ E:d':g‘i FF%PFHI?"B‘F“GFW allgyAnerrhons filyformaitlyispdidwerintdian
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e but 60% or less of an H, gas.

In the present invention, the formation of the soft
magnetic underlayer, the underlayer, and the protective layer
can be performed by use of a technique such as vapdr deposition,
‘sputtering or CVDA. The magnetic recording layer can be formed
by sputtering. The above-mentioned respective layers can be
formed separately, but is preferably formed lin a single step
by use of sputtering.

The liquid lubricant layer niay be applied by dip coating,
.sp:i.n 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 ¢ontrolled arbitrarily. If the
amount of the H, gas added is lower than 2%, the perpendicular

magnetic ani_sotrOpy constant (Ku) will be too great. If the

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



preferably 2% or nore, but 60%or |less. In the perpendicular magnetic
recordi ng nmediumof the present invention, the |ayer for exercising
magneti c domain control may be provided between the nonmagnetic substrate
1 and the soft magnetic underlayer 2, as stated earlier. Thus, the step
of forming this layer may be further provided. As this layer, it is
possible to provide, for exanple, an antiferronmagnetic |ayer conprising an
Mh alloy, or a hard nagnetic |ayer havi by~ magnetization oriented in the
radi al di MARINGHDIraderdbngabaper c4 subkl rbécohe asl1expheiaedaniyconnection
with the first aspect of the invention. For the formation of this |ayer,.
a techni qPIEfEred iR, Jhssefions,, theuamerntgosr twH, gas addedmikoyed.

| f descri fi t.he od for producing - the perpendicul ar
nagnetic:ﬁiﬁﬁgﬁéﬁfixgﬁtégo $¥%é B?BQE@% OFny%ﬁgion conprises the foll ow ng
steps: (1) the stef ehef BN ' nderlayer _on. a ngn netic
substrate, (2) the steg gfg?%gg?ﬁgﬁék ﬁﬁgg§%3§e%e%§r9ﬂ QEEFQlUWHB%eEﬁg
under | ayernres®nit havsiretni o, fetidl Tgydr "BOP S x&ré 620G REghaY ek 8Bma&{l.e
under | ayer, (4) the step of formng a protective |ayer o% the rmagnetic

r ecor di ng 99Af&01 BAY Pe)proeided pediwefear thagenhagie it Ui €aritd ayghaon

the protective dayer. Further, the present invention is characterized in
that 12. ett%r? Sﬁf&né‘ﬁ%‘%&m&%ﬂi% %4.s ag phpiedaearliieansi Thua, nthal

e
stepofformingthis1ayermaybefurtherprovided. As this layer,

it is possible to provide, for eiample, 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.

If described more specifically, the method for producing '
the perpendicular magnetic recording medium of the present
invention comprises the following steps:

(1} the step of forming a soft magnetic underlayer on
a nonmagnetic substrate,

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

(3) the step of forming a magnetic recording layer on

- the underlayer,

(4) the step of forming a proteéctive layer on the
magnetic recording layer, and

(5) the step of forming a liquid lubricant layer on the

protective layer.

Further, the present invention is characterized in that



: r phous fil the rare earth-transition nmetal alloy anorphous film
‘?Llﬁgrﬁgg By sputtep}ng, and the formation of the rare earth-transition
nmetal all oy anorphous filmby sputtering is perfornmed using a filmform ng
gas incorporating 2; or nore, but 60%or less of an H2 gas. Steps (1) to
(4) In the nmethod for production according to the present invention,, a

substrate for a nmagnetic recording nedium (i.e., a nonnagnetic substrate)

i s provided. Then,gthe above- described13teps (1) to (4) are perforned
sequent i althe mMagnetsc prazunting Istdwwd ofa e easeht- traneRtion. mbhg1
nonmagnet i substrate, soft nagnetic underlayer, un@erlayer, magnetic
recording%i%ﬂﬁ,a@ﬂEPEﬁ%ﬁe%%lme thgeranayebrthhbsenddtdipnbmdtalnatoogect i on

ith the fj ect, pf the invention. For exanple, a chemcal
21rengtheﬁ@gﬁgFgégg§%ﬁ§?r%ﬁef?fwe gﬁBFFEerFBEﬁ;GPﬁgzgﬁgﬁgﬁrﬁﬁﬁgafgﬁsed
RO e Sabst L at A c :
Sfe§2$agfy prgﬁﬁgid by alé%%%%%%%+%H%?téécﬁzﬁage?mggﬁﬁPﬂﬁt#éims Bjected to

pr edet er mspert testid@de peedbiRBESUs $HE N 351 KISy g{:}% Ehﬁﬁgbgﬂfg;ﬂﬂﬁat i on

respective layers are sequentially lamnated on this stra
canpbe perzf%orqyﬁdl%“@h hule a3% of besstefi ag. HFajas exanple, the steps (1) to

: i as pressure of
5 'hrorr. in chis Shepa (1 1 o EZ%QEL%_?? mtfi tmit gt :gﬂgbg“?zfi ate af ter
[ & singl e step. Tt THoeReRPAOTPLS By PRYCHIAR RRECFESpSCEPyERe PEpSeREN be
per f or ned iseRardicl Y a Wt d %&egt fn\égn%ttg.ﬂ?:s re@b8aifgPReASHHO[ IBY .
~ separately, the steps (1), (2) and (4) can 1

‘ a nonmagnetic substrate) is provided. Then, the above-

described steps (1) to (4) are performed seguentially. In the
production method of the present invention, the nonmagnetic
substrate, soft magnetic underlayer, underlayer, magnetic
recording lavyer, and protectiﬁe layer may be those deséribed
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 lamiﬁated on this substrate.
Lamination can be performed with the usé of sputtering. For
example, the steps (1) to (4) can be performed.by using DC |
magnetron sputtering at a gas pressure of 5 mTorr. In 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



senpl oy techni ques such as vapor deposition, sputtering and CVD. According
to the present invention, 2%to 60%inclusive of an H2 gas is added to the
filmformng gas during filmformation of the nmagnetic recording layer in
t he above-nentioned step (3). By adding the H gas and controlling the
anount of the H2 gas added, the nmagnetic properties of the magnetic
recordi ng medium can be controlled arbitrarily. If the amount of the H2
gas added is |ower than 2% the perpe‘nd?c‘ul ar magneti c ani sotropy constant
(Ku) will 95pken techaiquds shehampvapaf depesti2zigas epdeteexsgedsa c§®% on
the other hand, the magnetic recording |layer 4 will becone a

| ongi t udi nal |y nagﬁé’tql%g‘dlq tentheiagente invea tiesunk s ofo 608 ik2lgatvadded

is prefer Yo r %ar.less. I.n the present invention,

nor eover , EHtilhén:silgze%(sogg fac(;drdn%) &]nréoq%lef gi’/%@'%BF"‘éRQrQﬁf% ARG LR dHekn Eoamatian
control nRf bRelh@yh&eflc RRIMNREHR (2)..As this |ayer, it

i s possible fo p&r)%vi de, for exanépplg?égﬁﬂzﬁ&a%?%%‘é%\%?f‘gn?gﬁe%iﬁﬂri si ng
an M al | & astdindarite ngwels anldayeh tia 1t ¢ TRHRE i O £ %gleefif egakn the
radial direction of the nonmagnetic substrate 1, as explalne in?

connecti oiRddedy the pagretigmraperttisor of hlxe ma gore t O eldoe dioigRe § 9AmOT

this |ayer,_. a, techni uch ,.as vapor deposition, sputtering or CVD, can
be enpl oy&a ™ bét%%nif%ufﬁ‘iﬁfgwaﬁﬂﬁre EEqtire amgmitcafitthenfie gasaadded

A S a8 SR

conpri sing perfluoropolyéther e applie

D0 (I geat e b onatsst oo Sneamh s Sh 3 e Mokl figiie(
“produci ng 6 0necopdhsentihen lheandvane magredriar deograkay Wayic 4 ke 10 8686he
a longitudinally magnetized £ilm. Therefore, the amount of the
H, gas added is'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
;nvention. For the formation of this layer, a technique, such
- as vapor deposition, sputtering or CVD, can be employed.

Step (5)

Formatiop 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 producingr

the perpendicular magnetic recording medium of the present



.14 invention, when the rare earth-transition netal alloy anmorphous film
Is to be forned, an H2 gas is added to the filmformng gas, and the
proportion of the gas added is adjusted. By so doing, it becones possible
to adjust the conmposition of the resulting rare earth-transition netal

al l oy anorphous 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 fol lFokdmg exanple is an illustration of
t he preserimvenieiun owheantheé rare eaftRAdednka tibnthét4NaIAS 8AbrpAKERL i ON.
Exanpl e A snpot h-surf aced chem cal strengthened gl ass substrate “(for
exanpl e, NBWLgsEo ipFormed . prndicads s HOdAY hasthes €d. 1naE camiaryrggeet i ¢
Ssubstrate _1 nd _cl eaned. Th%n t he gl ass _substrate was introduced into a

sput t eri n§ eV e PIRRETE 1980 0 ke 9as addead bsrsdittsiedof Bymsgndoing.
under | ayers, f i der L ra..and 30 nmof a T .magneti c | ayer
wer e sequletn'il_j ?g{&{iﬂ f%f Bgﬁes ?O%nggsg ‘%’n‘?%ﬁ R RS e QP %g%nﬁﬁggiﬁgng
carbon wasddenaldsrH-of ek tivh Rstl 1 | 401 SRIELL-En6ES OF #1749 wﬁﬁbﬂ@ was
taken out froma vacuum device within the sputtering device. e

sput t er i nhenepind drhed crompusition aspethée veat Goer6f ¥paetatingerforned in

t he customary manner hy DC magnetron sputtering at a gas pressure of 5
mlorr. For the foFREEiLORedOWhEhenpyipaent dioyendilog wajtrod GeGoribadein, the
total flo f S Ar_ + H2 s repdered . constant, and the :
proportio\r?‘{)]%tl}%rg dl%%@é H Thet f@’\gfefl & doH LMD, S%¥anpLesyis A% neans,
the flow naitistfrddiod BYahe'pesdliVihedntd o, I88l 88 ¥8LUSntdhGha &o

liquid lubricant |ayer
limit the present invention.

Example

A smooth-surfa_ced 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 intoc 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

.sequent:%al.l.y formed, and 5 nm of a protective layer comprising
carbon was finally formed. The :tjesulting magnetic recording
medium was taken out; from a vacuum device within the sputtering
device. The sputtering steps for forming the respéctive layers

were all performed in the customary manner by DC magnetron

sputtering at a gas pressure of 5 mTorr. l

For the fd:.fmation of the magnetic recording layer (TbCo

layer), the total flow rate of géses (Ar + H,) was rendered
constant, and the proportion of the H, gas to the total flow rate

‘was varied. By tAhis 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



~conprising perfluoropol yether was fornmed to a thickness of 2 -as- nmon the
surface of the magnetic recording nediumby dip coating to give a

per pendi cul ar magnetic recordi ng nedium |In the above-descr.i bed nmanner, the
flowrate of the HW gas was variously changed to produce perpendi cul ar
magnetic recording nedia. Using each of the magnetic recordi ng nedia,
measurenents were nade of the Tb and Co concentrations of the nagnetic
recording | ayer, and the coercive forcely{ Hc) and perpendicul ar nmagnetic

ani sot r opypmconsfensutkape @t the M@GHeti6 rdREUidig e R WY dIBecJQtfﬁ‘g Co
concentrations of the magnetic recording |ayer were neasured by

| nduct i veltp Q38 &d PRInPemd iaudrin magretsionrdpantiras aogyifm CP- AES) . The
magneti c property_ (coercive force (Hc%) was cal culated froma

magneti zation cur VB tRBi2RNERr RFFELReY MrrReRg thenflowmpates ofettbe. Hfhe
er pendi cyl.ar I ' r nstant. (Ku) was cal culated froma

Ir?ngﬁet iC g%qaﬁeggg&%v&lelgr?%g u%ég%%edg%ﬁ ﬁﬁoq% 2Rﬁrr¥§nt WRY JRRIRALEE the
nor mal t ortberaubst Mg asuriacky JQcﬁ“@f%&%@{O‘én%% ixoé'cfso&ﬁiﬁ%]?m petic.

recording layer To investigate changes in the trations hd Co

in the nayresiremendsdiwvegel myde e€cohdi T8 48dide WAvERtfRioRE dPerkd gas
added, conposition analysis of the magnetic recording |ayer of the :
per pendi cBPIRedGh deicerddagr diane e ¢ingm thea s aeaad veorfoltcean(Hc. ad G 2
shows chagg%f)ei raitch concentrations of Tb and Co versus the amount of an
H2 gas added cquring3Fi TH9or M@ P U omts oy taptt () @f tha mametict he
anmount  (%-eebriififgtmeddsmadded represents the proportion of the anount of
the H2 gas added to the total flow rate of the

The Tb and Co concentrations of the magnetic recording
layer were measured by Inductively Coupled Plasma Atomic
Emission Spectroscopy (ICP-AES). The magnetic Property
(coercive force (He)) was calculated from a magnetization curve
obtained using a vibrating sample magnetometer. The
perpendicular magnétic anisotropy constant (Ku)- was calculated
from a magnetic torque curve measured in a plane including the
direction of the normal to the substrate surface.

n rations h neticr in I

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 rﬁedium
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 TbCo 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



Hfilmformng gas. As shown in FIG 2, when no H2 gas was added, the
proportions of Tbh atons and Co atons contained in the magnetic - 16 - .
recordi ng | ayer were about 22:78. As the anount of H2 gas increased, the
proportion of Tb atons to Co atons decreased. Further, when 60% of H2 gas
was added, the ratio of Tbh to Co was about 16:84. These changes in the
conposi tion show that when H2 gas is added to the filmform ng gas during
formation of a rare earth-transition mefal all oy anorphous magnetic

recor di ng TR INRT ¥eng, abhut peRpdst i ans e tdmouRt coean] lyaal ement
(Tb) and tihe transjitiqn netal vary greatly according to the amount of

[ Co
H2 gas addef 5t |\/tg"€f d?%%p?{(%%‘))’@:h‘aﬁg@ ahompeteoepcavembodeeréabpdof the
er pendi c ICehEC I ng_nedi um according to the amount (9% of H2
bas. e dT YR b°F‘?E%"3%§lﬁo‘0(gstff@f%‘£aﬁﬁ’€srF‘F‘FlPhefc'B‘ér’fcﬂ ¢e wasrce

gas added were exam ned.

(He) versumdite B ohotd aharidedn PReSNONOLELTLE o3y SN 3o |

anount (about 2% of H2 gas was added, the coe Bl i ned

from 15 k& gasabsuad@edCeo Eh& £R1muEbRALNgSHAYSALPEhgaFoREL2BRUGE §f M2
gas added was increased, the coercive force decreased, but the manner of

the decr eX&Fngarthotronsy tiom petwhenlidp amonpliows mHgneas catdesramtg 60%

t he coer(‘liax%rfggc l\g\gg about ﬁﬂooo Ce. Wth the anount of H2 gas added
bei ng 70% the cderBlveeTiPfe WHE Brepprthons qfodhe wame eamshpelemenit cul ar
magnetic 1 I Ginf0 HiRdi | S3GO7 RO AL 70% of H2 gas, a |ongitudinal
conponent (g}mt he coerciﬁvi(raar%c orce&?m@%%t?sg@%gos‘éq’%ogg%Wtﬂ%c‘gﬁ%%Pﬂ ¥

gas addedthas amoumniteiof HjcHaasaddeldne coercive force neasured in the
perpendi cular direction was nearly zero. Hence, when a rare

( -earth-transition or

Changes in the coercive foxrce (Hc} of the perpendicular
magnetic recording medium according to tﬁe 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 ehown 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 Wes
not very sharp. When the amount of H, ga.s added was 60%, the
coercive force was about 2,000 Oe. With the amount of H, gas
added being 70%, the coerciirelr 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 le gas added was further
increased, the coercive force measured in the perpendicular
cirection 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



-metal alloy anorphous nmagnetic recording layer is to be produced by
sputtering with the addition of H2 gas to the filmformng gas, the anpunt
of H2 gas added is preferably 60% or less. The 17 lower limt of the
anount of H2 gas added is preferably 2% or nore because of the demand for
the coercive force of the perpendicular magnetic recording medium Wthin
such a range, the anobunt of H2 gas added is adjusted, whereby the coercive
force can be adjusted freely. Perpendi &ll-ar nagnetic ani sotropy constant
(Ku) Chardgsenr .inhict pef peineli amdait neof et gasaddeeld agy preeesbdily bKkuby
according to the anount Q%FOf H2 gas added were exam ned. FIG "4 shows the
changes. i ¥ BRGPEFRIi ot Bhe demaedi fonnthet copyciversfante( Kf) thiet h t he

amount of as..added. The perpendi cul ar magnetic ani sotropy constant
(Ku) was 6‘L@3t2r£%ﬁ‘edo‘°‘¥ %’Fn“é?%ﬁbﬁe‘? TEOSGRg Baftum. AsWEEbdn syrtraGrangewhen
no H2 gasnsnadled e ih i4GUL QL. eti.c ani sofropy constant (Ku)
was about 3.5 x 102 ergf?g%\?\ﬁéﬁgﬁgils% %/(gﬁlﬁgﬁﬁggh %ﬁﬁﬁg?y &hsrggwjd’fsgﬁégeadded
to the filoanf @enadjgesed oprédey ot her hand, ‘the value of the perpendicul ar
magneti c ani sotropy constant (Ku) decreased. As, shown in FIG 4, as the
anount of H2 gas BRedpendiasuiigrc megmedid il it ddespaipendi cul ar
magnetic ani sotrogy const ant .(Ku) decreased gradual ly. Wen about 60% of

H. gas was added Fyangest iinnyther Herpepdiculse: magretic Wrisotmeapet i

ani sotrop t u). C to Q.6 106 erg/cc. Wien H2 gas i s added
further, ﬁ?&%gﬁgt(i C rgggﬁb%q %e?:ﬁﬁe%ﬂﬂgg igﬁ oftfi YugesarAgefalnEei zed
filmhavi egaaRnedsy 2 o sHRENSHZ QY dd 4 | udl | rection.
As will be seen fromthe né%sureneﬁ%g&%ﬁﬂvﬁgJ%Q?g%%ﬁ%%hﬁgyﬂﬁéﬁﬁ iC

~ani sot r opyagnetic anisotropy constant (Ku) with the amount of H, gas added.

The perpendicular magnétic 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° exrg/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 perpendiéular magnetic |
anisotropy constant (Ku) decreased gradually. When about 60%
of H, gas was added to the film-forming gas, the perpen&icular
magnetic anisotropy constant (Ku) came to 0.6 x 10° erg/cc. When
H, gas is added further, the magnetic recording layer becomes
2 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 perpendicuiar magnetic recording medium,
when a rare earth-transition metal ailoy 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




cconstant (Ku) of the perpendicular magnetic recording medium when a rare
earth-transition nmetal alloy anorphous nagnetic recording layer is to be
produced by sputtering with the addition of H2 gas to'the filmformng
gas, the anount of H2 gas added 18 - is preferably 60%or |ess. Generally,
a conposition close to the conpensation point is used with the rare
earth-transition netal anorphous alloy system A slight variation from
this conposition is known to cause gred® changes in nagnetic properties.
The above ifemiafecaltlnmges o 1dws magnetic properties (as shown in FIGS.
3 and 4) in the present invention nmay be attributed to changes in the
conposi tion of thEengraldyntdcompesiitiion abbak ta thy compymitisodpenal ¢

recordi ng .l ayer as _sho in FIG 2 which have been induced by H2 gas to
the filmfor ryﬁﬁqedfd‘é’stqﬂm}?%g“ﬁﬁ RAT g tsenshbienrvebal t amorpheisi ed logt al

oLl oy oL Rag on e 689000y Ris LS presenl Batple L
L1 or mng gas and the ropey (i hESBer ety M h@lSa. wner cby
the propomendionsd chengaseiratihmelgeeilc pRepbReieck! pASIdHRM T8I g[[G'ﬁr_\ t he
magneti c recording_ | ayer can be adjusted, wth the conposition of the
target of spltk &) #Q Rrecgnt lgoientdon By be dbitmgbutbd tegoRahges
B e R T S0 ke e s o
with respgehpghoudr ﬁgﬁﬁéﬁﬂcmm &aﬂ}dagts%vlnlx 1%0%8? £ %%.rc%nlt'lave

been induced by H, gas to the film-forming gas during formation

‘of the rare earth—transii:ion metal alloy amorphous magnetic

recording layer.

As the present Example demonstrates, when a rare

earth—transition metal alloy amdrphous magnetic recording layer

is to be formed by sputtering, an 'Hz gas is added to the

£ilm-forming gas, and the proportion of the gas added is adjusted,

whereby the proportions of the rare earth elemeﬁt and the

transitionmetal in the magnetic recording layer can be adjusted,

with the composition of the target of sputtering being kept

constant. By so _doi-ng, the magnetic properties of the

perpendicular magnetic recording medium can be adjusted to an

arbitrary value. |

The present invention has been deécribed in detail with

respect to preferred embodiments, and it will now be apparent

from the foregoing to those skilled in the art that changes and

mbdifications 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.



fromthe foregoing to those skilled in the art that changes and
"nmodi‘fications may be made without departing fromthe invention inits
broader aspects, and it is the intention, therefore, in the appended
clainms to cover all such changes and nodifications as fall within the true
spirit of the invention. 19 _ CLAIMS: 1. A perpendicul ar nmagnetic
recordi ng nmedi um conprising at |east a seft magnetic underl ayer, an

under| ayer,: a magnetic recording |layer, a protective layer, and a liquid

| ubri cant |@yems:sequentially |am nated on a nonnmagneti c substrate, wherein
the magnetic recording layer is arare earth-transition netal alloy '
anor phous. filmfornmed by sputtering, and formation of the nagnetic
recording lbyer by Aperpendigulas meghet e deusindgng héd ik WoRge g8t at

incorporatiggaégéor ng e, but 60%or less of an H2 gas. 2. The
per pendi cul gfePPErBRERGtHy FRAPLARYEEer aPnyndevlsyarm & mageetic a

|l ayer for exgk&igh etic domain control is further provided between
t he nonrrag_net‘igc su@gtlﬁ%e&' %ﬁ)gogﬁgtg&et ghefnd dihdenidyleforicant kayrad
for produclm@q@epeiagnglga@ﬁﬁaﬂ@@ngﬁl? nEﬁﬁQéHé?Qc”@ﬂbE?LaEgnpr'S'”9 t he
steps of sequentially lamnating at |[east a“soft magnetic underl ayer, an
underl ayer, a magrdiensinedbredimagyretyier , recdfdibf i ra A a 1iquid
| ubri cant I%égr on a nonmagneti c substrate, wherein the magnetic recording
layer is a T4 & ERRl tiomEetrdmiden pngrpbpusfiishSosmédiby Sputedrbig,
sputtering,gngnd | ‘
)\ 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 noninagnetic 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 sof‘t magnetic ﬁnderlayer, an underlayez;',
a magnetic récordin_g layer, a protective layer, and a ligquid

. lubricant layer on a nonmagnetic substrate, |
' wherein the _magnetic. recording layer ié a rare
earth-transitionmetal alloy amorphous £ilm formed by sputtering,
and |
formation of the magnetic recording layer by sputtering

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

but 60% or less of an H, gas.



formation of the magnetic recording. layer by sputtering is perforned
using a filmformng gas incorporating 2% or nore, but 60%or |ess of an
H2 gas. 20 4. A method for producing a perpendicul ar magnetic recording
medi um conprising the steps of: (1) form ng a soft magnetic underl ayer on
a nonmagnetic substrate, (2) form ng an under|ayer on the soft nagnetic
underl ayer, (3) formng a magnetic recordeng | ayer on the underl ayer, (4)
formng a protective |ayer on the nagnetic recording |ayer, and (5) :
formng a liquid |ubricant |ayer on the protective |ayer, wherein the
magneti c retordi ng & alathdd fox prodeadhd- 4 rpnspén@ciBi Al m@ghoY: @nor phous
film the rare earth-transition netal alloy anorphous filmis forned by
sput t eri ng, TERAT LR AP OHUBs EABDPEASAngaithh- skepsi bfen netal al | oy

anor phous fil m by ttering is perforned using a filmformng gas ‘

i ncor porating 2% o?ﬁﬁorgo%lgpg@%o tpaguetic sderipyer op a gRENAERABECT or
produci ng aswespeadécul ar magnetic recordi ng nmedi um according to claim 3,
further conprising a step of formng a |layer for exercising nagnetic

domain control. 6.(Zlheforihad bGer updeddalyag @np%me%@ﬁuln@drgn@g_%et i C
recordi ng nedi um according to claim4, further conprising Dbetween the step
(1) and the™%B}AYeY. a step of fornming a |ayer
(3) forming a magnetic recording layer on the
underlayer, |
o (4) forming a protective layer on the magnetic
recording layer, and '
(5) forming a liquid lubricant layef 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 film by sputtering is performed using a fiim-forming

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

5. The method for producing a perpendiculér magnetic
recording medium according to claim 3, further comprising a step

of forming a layer for exercising rﬁagnetic 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 exerc_ising magnetic domain control.



for exercising magnetic domain control. 21- 7. The nmethod for producing a

" perpendi cul ar magnetic recording nmedi um according to claim3, wherein the
soft magnetic underlayer, the underlayer, and the protective |ayer are
formed by sputtering. 8. The nethod for producing a perpendi cul ar nagnetic
recordi ng nmedi um according to claim4, wherein the soft magnetic

under | ayer of the step.(1), the underl ayer of the step (2), and the
protective |ayer of the step (4) are forned by sputtering.

7. The method for producing a perpendicular maghetic
recording medium according to claim 3, wherein the soft magnefic
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, wherein the soft magnetic
underlayer of the step (1), the underlayer of the step (2), and

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



