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-of “the lnventi on: ; The present invention relates to a netho
manufacturing magnetic recording nmedia, such as magnetic disks and (I@ﬁv
magnetic tapes. = Magneti c recordi ng technol ogy has a | ong hi st

and is based on established techniques. The devel opment of an

I nformati on-based society in recent years has accelerated the devel opnent
of magnetic recording nmedia of higher density with inproved properties.
Such technol ogy has thus been nore and nore inportant. In
particular, a thinner recording |layer has been wused for higher recording
density in the field of. magnetic disks (e.g., hard disks and fl oppy disks)
used as peripheral storage devices. The Age of Thin Film Media using a
magnetic thin fil nMmeerobegenMANUPACIORINGC RAGNETIES RECORDING: MEDIUM € t he
reliability of data stored thereon with a higher recording density and how
to ‘

Background of the Invention:

The present inﬁent;on relateé to a method of
manufacturing magnetic recording media, such_as magnetic
disks and magnetic tapes.

Magnetic recording technology has a long history
and is based on established techniques. The development
of an information-based sociéty in recent years has |
accelerated the development of magnetic recording media
of higher density with improved properties. Such
technology has thus been more and more impoftant.

In particular; a thinner recording layer has been
used for higher recording density in the field of
magnetic disks (e.g., hard disks and floppy disks) used
as peripheral storage devices. The Age of Thin Film
Media using a magnetic thin film has begun. Important
challenges are how to ensure the reliability of data
stored thereon with a higher recording density and how to
make such media suitable for mass-production at a low |
manufacturing cost.

One of the thin film recording layers meetiﬁg
such requirements consists of a magnetic layér of a

| cobalt-platinum (CoPt) based alloy having a high coercive

force, which is divided into two magnetic films by a
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make such nedia suitable for mass-production at a | ow manufacturing cost.
dne of the thin filmrecording | ayers neeting such requirenments consists
of a magnetic layer of a cobalt-platinum (CoPt) based alloy having a high
coercive force, which is divided into two nmagnetic filnms by a

2 nonmagnetic |ayer of chromum (Cr) fog the reduction of noise durlng
reproduction. Mire specifically, the resultant nediumis fornmed froma
magnetic CoPt film a nonmagnetic Cr film and another nmagnetic CoPt film

in this ordery a++ %ﬁe@iéolggg¥“ Eh@hﬁaﬂiuﬂd?EEX'E%E %ﬁ?rfgﬁucgﬁo Q¢ des a

favorabl e cryst e struct or t magneti c when pl aced

under the thingbika aﬁﬁmgdkagbbaxeusas dmaehogsecméa&qyeseheatent Lai d-
Open No. 2-210614) wever he above-nentioned magnetic

recording Wedreahmahttﬂedmﬁle&hyfagm@a Eapfl a MBGRBLHE CoPt fFihm, a
nonmagnetic G film and magnetic CoPt filmplaced in this order exhlblts

i nsuf ficient ononmaghetiacter ¥ilm, opadt another magaeetidi copredidiam imuch as
coercive force, a reproduction output (product of residual -
this order. It is also known that an underlying layer of
Cr provides a favdrable crystalline structure for the
magnetic CoPt film when placed_under the thin film -
recording layer (as disclosed in Japanese Patent Laid-
Open No. 2-210614).

However, the above-mentioned magnetic recording
medium with the underlying Cr layer, magnetic CoPt film,
"nonmagnetic Cr £ilm, and magnetic CoPt film plaqed in
this order exhibits insufficient or unsatisfactory
properties for a recording medium, such as coercive
force, a reproduction output (product.qf residual
magneiization and £ilm thickness), and a signal-to-noise
ratio when it is manufactured with an in-line sputtering
apparatus. | ‘

In addition, it has been found out that the
magnetic recording medium having thé above-mentioned
structure is liable to reduction in coercive force as
compared with a single magnetic recording layef and is
insufficient in over-writing properties. '

On the other hand, it is known that a higher
coercive force is achieved by using chromium as the
underlayer of the magnetic recording media which hafé a

magnetic layer of CoNiCr alloy or CoCrTa alloy (see, for

example, IEEE Transaction on Magnetics vol. MAG—B, No. 3



gagnefi zation and filmthickness), and a signal-to-noise ratio when it is
franuf actured with an in-line sputtering apparatus. I n addition,
it has been found out that the nmagnetic recording nmedi um having the
above-nentioned structure is liable to reduction in coercive force as
conpared with a single nagnetic recordi ng layer and is insufficient in
over-writing properties. On the“other hand, it is known that a

hi gher coercive force is achieved by using chrom umas the underl ayer of

t he magnetic r in ' 1 have a magnetic |layer of CoNiCr allo
(oprl" b g ’

or CoCrTa allo nmpl'e,” | EEE Transaction on Magnetics vol .

MAG 3, No. 3 However, the magnetic CoPt allo 6/er WDa8s
205- 207) . However, the magneqt Ic CoPt alloy Iléyer makes

orientation algii@nt ien?d1omPdnd @l a4l WHEE WHRME It hes athdé ¥l dye sy
chromum (Cr) alone. This is because the lattice constant of the magnetic

CoPt - based al li@y foawria bys dmfcadiiunt haOT)t L one/St AtHisel ¢ ddcaese otied ant  of
the conventional magnetic layer of the CoNiCr alloy or the CoCrTa alloy.
As a result, tlattirgneicdnst@R dihtde mmagretic CoPt-based alloy layer
is larger than the crystalline 1at£ice constant of the
conventipnal magnetic layer of the'CoNiCr alloy or the
CoCrTa alloy. As a resul;, the_magnetic CoPt-based layer
is not completely matched in atomic élignment with the
undérlying layer of the single componeht of Cr. This
badly affects the orientation of the C-axis.

In order to overcome this problem, U.S. Patent
No. 4,652,499 proposes t6 add a second or different metal
to the Cr underlayer to improve the lattice constant.

The orienyation along thé C-axis can be improved for the
magnetic iayer in a £film interface or boundéry by means
of changing the lattice constant of the alloy underlayer
by addition of the different metal to thé Cr alloy.

The present inventors have found, as a result of
detailed consideration, that the resultant recording
medium has a sighificantly larger noise as a result of
the addition of the different metal to the uhderlyiﬁg Cr
layer. |

Summary of the Invention:

- An object of the present invention is to provide
a method of manufacturing a magnetic recording medium_
which has improved properties, such as coercive force, a

reproduction output, and a signal-to—hoise ratio.



I's nots conpletely matched in atomc alignment with the wunderlying |ayer of
t'he single conmponent of Cr. This badly affects the orientation of the

C axi s. In order to overconme this problem U S. Patent No.
4,652,499 proposes to add a second or different netal to the Criunderlayer
to inprove the lattice constant. The origntation along the C axis can be

I nproved for the nagnetic layer in a filminterface or boundary. by neans
of changing the lattice constant of the alloy underlayer by addition of

the different netal t T r | avent o have
found, as a result of OA%% e@“c%éln%iodfertélﬁ &fe%]%g? f’ﬁ‘gégtéiéﬁtgént{éecordi ng
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met hod of manufacturing a magnetic recordi ng nmedium which has inproved
properties, sSuwidh aediss doksd orce, a reproduction output, and a

signal -t o-noi se. rati o. . 4

Anot her obj ect of the It cdsentet ramothenn olsjéct of thé present invention
to provide a magnetic recording medium and a method of
manufacturing the magnetic recording medium which has two
or more magnetic CoPt-based alloy layers separated from
each other by a nonmagnetig intermediate layei.

In order to achlieve the above-mentioned objeéts,
the present inventors have made a great number of
studies. As a result, it was found'that the coercive
force and the signa14to—noise ratio are deteriorated due
to the contamination of Hzo, 02, and/or N2 into the
nonmagnetic Cr layer which are adhered to a shield plate
or a substrate holder (pallet) that is moved towards and
between targets during the deposition of the nonmagnetic
Cr layer when an in-line sputtering apéaratus is used.

In addition, it was also found that use of the 1n-line_
sputtering apparatus deteriorates the film performance of
the nonmagnetic 1ayer; and in turn deteriorates the film
performance of the magnetic CoPt layer formed on the
ndnmagnetic layer. _

Further studies showed that impurities can be
reduced in the nonmagnetic layer when the in-line
sputtering apparatus is driven 1n,low-ﬁower. This shows

that the resultant nqnmagnetic layer has good film .

performance, which improves the magnetic CoPt layer



provide a method of manufacturing a magnetic recording medium which has
good over-witing properties and which can reduce noi se. : 1t is
yet anot her object of the present invention to provide a magnetic
recordi ng medi um and a nethod of manufacturing the magnetic recording
nedi um which has two or nore magnetic CgPt-based all oy | ayers separ at ed
from each other by a nonmagnetic internedi ate | ayer. In order to
achi eve the above-nentioned objects, the present inventors have nade a

great nunber @f . ShUdhe$ne’ hoBmaGikltlic héggqs found that the coercive
0

force and the signal -to-noise ratio are teriorated due to the

cont ami nati on of H erih@ 1QkehtbrsAndhpertihithl Beadies HaveME ic O

| ayer which are adhered to a shield plate or a substrate holder (pallet)
that is novedebayaedeaand sBar¢ReFokrdafdcbptdim thaltieai@apamiichoisof the
nonmagnetic C |ayer when an in-line sputtering apparatus is used. In
addition, it wastabse Eowndhehabnmagnekichdayer iand wihlieh eamndeappar at us
deteriorates the filmperformance of the nonmagnetic |layer, and in turn
deteri orat es 8epobikted pgrsputherdngl inhdowngpoweirc widhin dher inorlidsxe on t he
nonmagnetic | ayer. Furt her studies showed that inpurities can be
reduced in theppematyset i Fheagsndipesn inddcated tbhats Gn ©ddioyg agoideat us is
driven in | ow power. This shows that the resultant nonmagnetic | ayer has
good film penrpomagneticniayrri gphronshiene sagdeher G@Hon%éy'é!r density

by the use of a relatively thin film thickness with

necessary coercilve force kept énd ihat thé result;gt
magﬁetic r;cording medium has superior p;operties“
including a superior coercive force and signal—to-noise
ratio. In other words, it was found that when the
nonmagnetic film of the Cr allqy is continudusly .
deposited along with the magnetic films on both sides
thereof within the in-line sputteriné_apparatus, the
resultant nonmagnetic Cr ailéy film has a better film
performance and serves to-fbrm a magnetic'fecording
medium having superior propertiés such aé the coercive
force. In brief, it was fouﬂd that the combination of
the nonmagnetic Cr alloy film and the in—line-sputtering :
makes it possible to manufacture a magnetic recordin§
medium having superior properties. |

This applies to the relationship betwegn the.
underlying Cr layer and thé magnetic CoPt layer in.
contact with the underlying layer. The ﬁresent invehtion
was thus completed.

More specifically, é method_of manufacfuring'a

magnetic recording medium according to the pfgsent



3 formed on the nonmagnetic |ayer. The inventors' experi.nenta
Studi es have been conducted to search for an optimum material which is
suitable for the nonmagnetic |ayer and which can be deposited by
sputtering in low power within the in-line apparatus. The studies’
indicated that Cr alloy as the nonnmagnetdc |ayer can achieve a higher
recording density by the use of a relatively thin filmthickness with
necessary coercive force kept and that the resultant magnetic recording

medi um has su P RESh Iy V@epos L€l
si gnal -t o- noi ?2“%%% Q?é\ %fflse?é “@ﬁélgéﬂ”&l)fl ?Ap/agﬁ?%ﬁéhsdg?ﬁityv\he?\@f hg 89

nonmagneti ¢ fidgnofgdiit £t @] | Y 18Sa$0bnd Uk Shore depderleingl bagenst h t he
magnetic filnms on both sides thereof within the in-line sputtering

apparat us, thend esuhdgiéti©niageetof &rCobi-dyasednahbeya dcnoemaghethic
perfornance and serves to forma magnetic recording medium having superi or
properties suctils é¢fea cherlsased dblay, amdbaimdgnetieatayenndft@aPtthe
conbi nati on of the nonmagnetic C alloy filmand the in-line sputter.ing
makes it possitAsed cahtow! acThe enethednfturthercopmprises the step of

depositing the underlying layer and/or non-magnetic film'
which_are brought into contact.mith.the magmetid'layer at
.a low power range between 100 and 1000 watts.

Furthermore, the presémt inventors have
.experimgnted with various magnetic.recording medihf  In a
magnetic recording medium having two or mofe maénetic
CoPt-based alloy" layers divided by a nonmagnetic
intermediate layer, the coercive force and the over- .
writing properties were degraded in dependency upon the
composition of the £ilm materiai_and deposition
conditions for the film formed between tﬁe'magnetic
layers. It was also found that when the CoPt-based alloy
is used for the magnetic layer, the noise of the medium
"can be reduced without seriously affecting the coe:cive
force and the over-writing pfopertieé. This-semves to
reduce a difference betweem a crystal lattice distﬁnce of
the (002) plane of the magnetic CoPt-based alloy layer
and a crystal lattice distance of the (110) plane of'the-'
underlying nonmagnetic Cr alloj layer deposited Jjust
beneath that magnetic'layer; when an alloy based on Cr
and Mo is used for tﬁe nonmagnetic intermediate layer

separating the magnetic layer.



médi umihavi ng superior properti es. This applies to the -
rel ati onship between the underlying Cr layer and the magnetic CoPt | ayer
in contact with the underlying |layer. The present invention was thus

conpl et ed. More specifically, a nmethod of manufacturing a
magnetic recordi ng medi um according to thg pr esent -
6 I nvention conprises the steps of successively depositing, on a

substrate, at | east one or nore underlying layers and a magnetic |ayer of

a CoPt-based alloy, a %?Iu(i.se ufn‘_?{”%ﬁ‘giniq‘a&eﬁ@ he S&uaes@,gpet i C

| ayer of CoPt- based a t hod conprlses
deposi ti ng them%ﬁrtbwsngiltamrs LD oY %fﬂéamsnvxgasqwre br ought

into contact with the nagnetic l'ayer at a |ow power range between 100 and.

1000 watts. elect_roﬁumi@&rdaao@e it/ P RRIAN I BN 0 I fEBR Nt MRATA 1TeNnt ed
with various magnetic recording nedia. In a nagnetic recording medi um

having two or mnerg.jagedt itd thePundesayidd @ 1Ay duseiedranicus
nonmagnetic internediate |ayer, the coercive force and the over- witing

propertles wer pagtdclecaiizesdefe ciystiplisndo igrow and deteriorates
formation of crystals. More specifically, growth of the
magnetic CoPt-based alloy layer (such as COP;C:),
laminated on the underlying Cr alloy layer, is adversely
affected by the particlé.sizes and the non-uniformity of
the crystals in the underlyihg layer. In cher_words,
the non-uniformity of the particle-sizes.of the crystals
in the underlying layer results in non-upiformity of the
crystals in the magnetic layer. It has been confirmed
that such non-uniformity in the magnetic laYer givés rise
to an increase of noise in the maghetic recording medium.

Considering the above, a second underlyiﬁg film
was laminated on an undeflying layer or film which.is
formed by crystals-hafing'uniform particle sizes and good
crystallinity. 1In this case, the second undérlying film
was formed by a Cr alloy.of-Cr and a different metal.

The underlying layer of two films was, however, not
enough for noise reduction of.the medium.

With this respect, the present 1nveht9rs.méde
further examinations and studies; It was found.that the
noise of the medium can be remarkably reduced by
adjusting or controlling a differencé,between a.crystal
lattice distance of the (002) planes of the magnetic CoPt-

based alloy layer and a c:Ystal lattice distance of the



conposi tion of the filmmaterial and deposition conditions for the film
formed between the nagnetic layers. It was also found that when the
CoPt - based alloy is used for the magnetic |ayer, the noise of the nedium
can be reduced w thout seriously affecting the coercive force and the
over-writing properties. This serves to greduce a difference between a
crystal lattice distance of the (002) plane of the magnetic CoPt-based
alloy layer and a crystal lattice distance of the (110) plane of the

under | yi ng nogrieﬂ}e? Grids B Dhd anued %@g} G (&d d1dy addmprad+ fGgneti c

| ayer, when a ased on Cr S used for t he nonmagneti c

internedi ate |y AP 'dlﬂffé}?ér{@%@idp dd8ed thereto) f£ilm which
7 In the course of the exami nations of the present inventors, it

has been configrsyfides ar nipiseiicd N ayd e G Gurfasesebpché hatderityingn of
a different netal (e.g., M) to the underlying Cr |ayer causes various

particle sizesdafersystmlctier gramds) cthetcenrisesfofes nand oan ginglgst al s.
More specifically, growh of the nmagnetic CoPt-based alloy |ayer (such as
CoPt Cr), | anirettiesl cam thee impieoved it theé oyolss eof thﬁemﬁdiw@ly
reduced, by means of decreasing the difference between
the crystal lattice distance of the (002) planes of the
magnetic CoPt-based alloy layer and the crystal léttice
distance of the (110) planés of the uppermost Cr alloy
film. | '
It is not necessarily optimum that there is no
difference between.the.crystal lattice distaﬁce’of the
(002) planes of the magnetic CoPt-based alldy layer and
that of the (110) planes of the underlying Cr alloy film
or the Cr allby intermediate film. Various experiments
and examinations indicated ;hat a small diffefence-is
preferable in view of the reduction of the noise. - More
specifically, control of the C-axis orientation of the
magnetic layer within a certain range results in
reduction of the noise of.the medium. The deposition in
low sputtering power serves to adjust the crygtal lattice
distance of the (002) planes of the magnetic CoPt-based
alloy layer to that of the (110) planes of the underlying
Cr alloy layer. |
" According to another aspect of ihis invention, a
method is for use in manufacturing a magnetic recording
medium which includes a magnetic layer. The magnetié

layer comprises first and second magnetic.films each of



af fectied by the particle sizes and the non-uniformty of the crystals in
fhe underlying layer. In other words, the non-uniformty of the particle
sizes of the crystals in the underlying layer results in non-unifornmty of
the crystals in the magnetic layer. It has been confirnmed that. such
non-uniformty in the magnetic layer givgs rise to an increase of noise in
the magnetic recording nedi um Consi dering the above, a second
underlying film was | am nated on an underlying layer or filmwhich is
formed by crysidlch eaddit 181 dbmilded ©osiarks MG &l nonnegmdtici ty.
In this case, the second underlying film was formed by a G alloy of C
and a di fferea&,ﬂ%aiatﬂﬁqmdwﬂndmg.d dyierpfodesd Yetlwaen\ashe Holaster , not
enough for noise reduction of the nedium Wth this respect, the
present inventamd thdsedond hexgnetdd rbtlimen ash vbsichliessentiakky f ound t hat
the noise of the nedium can be remarkably reduced by adjusting or

control |ing a cinffdseEs €handkdo.a Fach ff the tfixstiiandtde geqand (002)
pl anes of the nagnetic CoPt- based alloy |ayer and a crystal lattice _
di st ance of tmagnetic films is specified by a hexaqpnal( ﬂlfﬁs 'T%Frf'é%efgf t he

underlying C allaoy (the conbination .
(hcp) crystal structure having (002) planes remote from

each other by a first crystal lattice plane distance
d(002) while the nonmagnetic.intérmediate film is |
specified by a body-cénte:ed éubic (bcc)_cfystal .
structure having (110) planes distaﬁt from each other by
a second crystal lattice plane distance d(llO)‘ ‘The
method comprises the step. of successively depositing the
nonmagnetic intermediate f11m agd the secdnd magnetic
film in low power such that a difference beiween the
first crystal lattice plane diStance'd(ooz)-and the
second crystal lattice plane‘d;stance d(llO) falls within

a range between 0.002 and 0.032 angstrom. .

Brief Description of the Drawing:

Fig. 1 is a plan view bf an ihfl4ne sputtering
apparatus for magnetic disks, which is used to achieve
the method of manufacturiné'a magnetic recording medium-
according to the present invention;

Fig. 2 is a front'view of a pallet oh which glass
substrates are placed;

Figs. 3(a) and (b) are views for uée in
describing status arouﬂd t#rgets; and

Fig. 4 is a schematic sectional view of a-

magnetic recording medium manufactured according.to the



of Cr«and the different netal added thereto) filmwhich provides an
Uppernost |ayer or surface of the underlying |layer. In other words, the
coercive force and an angle ratio can be inproved with the noise of the
medi um reduced, by neans of decreasing the difference between the crystal
| attice distance of the (002) planes of jpe nmagnetic CoPt-based all oy

| ayer and the crystal lattice distance of the (110) planes of the
uppernost C alloy film It is not necessarily optinumthat there
is no differgreadt afredtiors ystal lattice distance of the (002) planes
of the magnetic CoPt-based alloy |ayer and that of the (110) planes of the

underlying Cr alloy fideBeriptivh @f dteferréd Emsbdimerdtid m Vari ous
experiments and exanminations indicated that a small difference is
preferable in view of ThHes pmskenit dnveEntion wikk beé/siescriked findetail
control of the C-axis orientation of the nmagnetic layer within a certain

range resul t s hereimhdar.on of the noise of the nedium The deposition in
| ow sputtering power serves to adjust the crystal lattice distance of the

(002) planes of the mdyfagnetdspirenarding negiym accerdingtera (hkryyio)
pLancs Of (e SSlibeld o il LRl T cpvenson, AR IEERIT
recording  meq ym e 4 M0 R (BNG ol dflus TE [P Ltea 1n
Fig. 1. |

The in;line sputtering apparatus 10 comprises a
pallet lpad chamber (lqadlock chambef).ll, a sputtering
chamber (vacuum chamber) iz, and a pallet unload.chamber
(loadlock chamber) 13'a1i'of which are connected in line
with one another through partiiiohing'plates 14 and 21.
Briefly stated, pallets are_fed from the pallet load
chamber 11 to the sputtering chamber 12}_where-multiplé
layers are deposited succe#sively on a substrate. The
pallets are transferred from the sputteriﬁg chamber 12 to
the pallet unload chamber 13. This appératﬁsiis of a
loadlock type and therefore carries'out continuous
operation wiihout exposing the sputtering chamber 12 to
the air. | |

Targets l1l5a through 15g of predetermined
materials are arranged in:a predetgrmined order within
the sputtering chamber 12 so as to_manufacturé the
magnetic recording medium. Shield plates 16a through 16g
partially surround the targets 15a through 15g to avoid

any adverse influence of plasma generated from the

adjacent targets.



l'ayer siconprises first and second magnetic filns each of

9 whi ch essentially conprises Co and Pt and a nonmagnetic internedi ate
filmwhich is interposed between the first and the second magnetic filns
and which essentially conprises & and Mb. Each of the first and the
second magnetic filns is specified by a;fiexagonal close-packed (hcp)
crystal structure having-(002) planes renbte from each other by a first
crystal lattice plane distance [err] while the nonnmagnetic internediate

filmis specified by, Py pRMAHSh Gtinod D Judddsted tid ructure having
(110) planes distant fromeach other by a second crystal lattice plane

di stance d([ erdduttediify, BHdahe Gpyinmas dpift SédLimPfcondoesen vis y

deposi ting the nonmagnetic internediate filmand the second magnetic film
in | ow pover wiHidved by ddritrcItindeiheanadietid fieldrysttie luweict

pl ane distance d[err] and the second crystal lattice plane distance d[err]
falls within sagrstgohadatodds (0P plat & Slgdpes g ieim have Bri ef
Description of the Draw ng: + Fig. 1is a plan view of an in-line
sputtering amplactromdgnetmgneti c di sks, which is used to achieve

As shown in Fig. 2, an'upright self-standing
pallet 18 which holds a piurality of éubstrates 17 1is
allowed to pass between the péirs of the taréets 15a
through 15g arraﬁged on both side walls of the sputtering .
chamber 12. This inovémept of the pallet 18 enables |
simultaneous deposition of éach £film on both sides 6f
each substrate 17. | _

Heaters 1§ and 20 are,prévided for controlling
the temperature of the substrate dﬁriné the-deposiiion;
The temperature of the substrate 17 upon sputtering_
affects the coercive force and it is preferable that the
heaters 19 and 20 are adjusted to 200C or higher during
sputtering. o

Properties of the Co alloy-based magnetic filin
deposited throughlthe sputtering varies cpnsiderab1y 
depending on an Ar gas pressure or the temperature of the
substrate. Accordingly, to control these factors is of
importance. Though not determined exactly because it
depends on a material used for the £ilm, the Ar'gas
pressure upon sputtering preferably falls within a rénge'

3 and 1 x 1072 rorr. )

between 1 x 10
The in-line sputtering apparatus used for the

present invention may not be limited to the one



tthe met hod of manufacturing a magnetic recording medi um according to the

present invention; Fig. 2 is afront view of a pallet on which
glass substrates are placed; Figs. 3(a) and (b).are views for use
in describing status around targets; and: ‘Fig.- 4 is a schematic

sectional view of a magnetic recording %ydiun1nanufactured-a¢cording to
the present invention.
Description of Preferred Enbodinents The present invention wll

be described ‘i dey
1'1 dek Pt ed' Qe IFY! rERNSIHA "t PhdbEedi UM
according to |rst a er(Ti]b éle :‘1!{' of the prseserﬁ% I nvention i's r?atbnuf actured-

by using an 'i'?nv@n'?.@.o‘iplétatr?rdl% P App14edl @6 ldnistimiathd Bpdttering
The in-line sputtering apparatus 10 conprises a pallet |oad chanber

(1 oadl ock chambgyaraths sutH taey idig inchamee sputasring EppearatuL ofind a
pal | et unl oad chanber (Ioadlock chanmber) 13 all of which are connected in
line wth onetieat hepeshrfory mapardtiiic dlisks mmatigs-lihemputitering

apparatus for magnetic tapes) uhich have elements, such

as the pallets and the shield piates,_which are adjacent

to the targets and which act as impurity sources.

In the present invention, a magnetic tecording
medium is manufactured by suecessively_depositiné, on the
substrate, ‘at least one.o; nmore underlying layers, a
magnetic CoPt-based layer,'a nonmagnetic Cr-based layer,
and a magnetic CoPt-based layer within the above-
mentioned in-line sputtering apparatus. .

The substrate used may be, for example, a glass
substrate, a crystallized glass substrate, a surface-
reinforced glass substrate, an aluminum substrate, an
aluminum alloy substrate, a ceramic substrate, a plastic
substrate, an Si substrate, a Ti substfate; or a csrbon-
substrate.

In the present invention, one or more underlying
layers are deposited on the above-mentioned-substrate
with the in-line sputtertng apparatus.

In this event, the underiying layer (the
uppermost layer or the surface of the underlyiug layerj
to be brought into contact'with the'magheticulayer is
required to be deposited at a low sputtering power. The
reason will be described hereinunder. Wheu the

underlying layer to be brought into contact with the



Briefly stated, pallets are fed fromthe pallet |oad chanber 11 to the
dputtering chanber 12, where multiple Ilayers are deposited successively on
a substrate. The paIIets are transferred fromthe sputtering chanber 12 to
t he pall et unload chanber 13. This apparatus is of a |oadlock type and
therefore carries out continuous operatjpn W thout exposing the sputtering
chanber 12 to the air. Targets 15a through 15g of predeterm ned
materials are arranged in a predeterm ned order within- the sputtering

chanber 12 so n | igeWerSh
plates 16a thr%%n%quaﬁgkéﬁilalG%ngﬁggghg tﬁgﬁfgﬁggfgg?ggpthrodghhggg to

avoid any adyan$§chiell %ﬁa%eaf fﬂjoﬂts'{?aeg@&‘ifg%tt%d 15 Gadigy s%ﬂit&,(‘eﬁtfﬂng
targets. .C. magnetron nmethod is used for the

sputtering, argalche thil Iswm&mbt %&.lrtaggmrfdurwa@as dn achiiged by
controlling the magnetic field by the use of magnetron cathodes of plate

shia!coest Wn:]I ch parobabdldely wirgoits being scattérethand iareFidpcr@ased upr i ght

> > Ingnumber'as compared with the case where sputtering is
carried out in high sputtering power; Accordingly, such
_low power sputtering makes it possible to reduce an
amount of impurities, such as Hzo, 02, and/or Nz' which
are attached to the shield plate 16 and/or the pallet 18
and which are sputtered by the particles emitted from the
targets to be directed to the underlying 1ayer;' The -
resultant underlying film includes a small amount of the
impurities and has therefore excellent properties{ This
ensures favorabie crystal growth of the magnetic film
formed on the underlying layer and accomplishes improved
magnetic properties, such as the coercive force.

The crystal growth of the magnetic iayer becomes
bad if the underlying layer contacted with the magnetic
layer is deposited in the.sputtering power lower than iOO
watts. On the other hand, the sputtering power'which.is
higher than 1000 watts brings about deterioration of the
magnetic properties due to mixture of impurity gases into
the underlying layer. The sputtering power is thus .
preferably selected within the range_between 100 and 1000
watts. More preferabiy,'the sputtering power may fall
within a range from 300 to 700Twatts. 'A sputtering
current density is preferably selected within the range

from 0.9 to 10 W/cm2 for the same reason.



gallev 18 which holds a plurality of substrates 17 is allowed to pass
between the pairs of the targets 15a through 159 arranged on both side

wal |'s of the sputtering chanber 12. This novenent of the pallet 18 enables
si mul t aneous deposition of each filmon both sides of each substrate 17.
Heaters 19 and 20 areprovided for controjjing the tenperature of the
substrate during the deposition. The tenperature of the substrate 17 upon
sputtering affects the coercive force and it is preferable that the

heaters 19 and 20 are jlﬁ% SAUEN f '?Hgg THY sputtering.
Properties of the Co a{%doty- %elicf'q'nag%{efiﬂc&%lfrﬁ& eposi't ed %eough t he
sputtering vargRs t@¥HA A Yadnandidh) At N icdiits RKE U or the
tenperature of 'the substrate. Accordingly, to control these factors is of

i mpor t ance. T'flﬁ:‘dﬂbx‘t@orﬁ&l&@ﬂ@%@@ﬂﬂ@ hesasise i1t mieytendshws ke mat eri al
used for the film the Ar gas pressure upon sputtering preferably falls

w thin a rangeonsideassd thatl Qs rdpwitck iing bt rdlso Teontributes to The
in-line sputtering apparatus used for the present invention nay not be
limted to t hahendmprovement of the film properties oxnperformance of
the underlying 1éyer. with this respect, the sputtering
rate upon depositioﬁ qf the underlying layer contacted
with the magnetic layer may preferably be controlled
within a range from 150 to 1500 angstroms/min., and more
preferably from 450 to 1000 angstroms/min.
Herein, . the underlying_layer contacted with the
magnetic layer is preferably formed by an alloy based on
Cr. This is because the alloy based oﬁ_Cr can obtain the
coercive force which 18 required to achieve a high
recording dgnsity with a relatively thin thickness.
Therefore, ;uch an underlying layer is not deteriorated
in the magnetic properties, even when.it is déposited in
low sputtering power.
The layer of the alloy based on Cr, which serves
as the underlying layer to be brought into contact with
the magnetic layer, may have a film thickness between 10
and 100 angstroms in consideration of the magnetic
properties of the resultant magnetic recording medium.
Such alloys based on Cr may be, for example,
alloys of CrMo, CrV, and CrTa and the other alloys 
containing, together with the above-mentioned alloyé, one
~or two selected from the group consisting of Zr, W, B,

Nb, Ta, Fe, Ni, Re, Ce, Zn, P, S8i, Ga, Hf, Al, and T, -



iflusttfated in Fig. 1. It is apparent that the present - invention can also
be applied to any in-line sputtering apparatus (such as an in-line
sputtering apparatus of other types for nagnetic disks or in-line.
sputtering apparatus for magnetic tapes) which have el enents, such as the
pallets and the shield plates, which arejgdjacent to the targets and which
act as inpurity sources. In the present invention, a magnetic
recording nediumis manufactured by successively depositing, on the

substrate, at dfeafeddlaPloy®) CcrMBlerd A NLHYPF 5. add CRELNCA1 Tog®Pardased
| ayer, a nonmagnetic C}-based'layer, and a magneti c CoPt-based | ayer

within the aboury piifd HlSTe iBecduie SFutdalle anNFFGVeitent of The
substrate used may be, for exanple, a glass substrate, a crystallized

gl ass substr atmagretsio fmspertiesf orfiasl dritsents U tebémente clher Ntivan
substrate, an alum numalloy substrate, a ceramic substrate, a plastic
substrate, an Gt isubdie fre-bascd ahioyt ris ¢, ypical yraooand slbsat & e.

In the present invention, one or nore underlying |ayers are deposited on

t he above- nenttakdy s reansidgxatione the |¢ohexgney @f rthepranetic _
In this event, the underlying |ayer (the uppernost |ayer or the surface of
t he underlyin&ﬂ&ﬁkn%atQ%?QNéhﬁQﬁRﬂﬂ-into contact with the magnetic |ayer

is required to be depgsited. at | ow sputterin ower. The
_ 9 : [% e underlfﬁng\%aﬁgr may oégist og_two Oor more

layers or films and-wiil be collectively called an
underlying lamina hereinunder. . ?or eXaﬁple, a dr layer
may underlie the Cr-based ailoy layer contacied with the
magnetic layer. Alternatively, if a glass substrate is
used, the underlying lamina may be composéd of three .
layers successively formed on the glass substrate.
Specifically, the underlying lamina may be composed of an;
Al layer, a Cr layer, and a Cr-baséd-alloy layer.

In the present invention, the magnetic layef is
formed on the above-mentioned underlying lamina w;th the
in-line sputtering apparatus and may cbnsist of the
magnetic CoPt—based'film, the nonmagnetic Cr—based.film,
and the magnetic CQPt-based‘film.

In this event, the nonmagnetic Cr-based_fiim i§
deposited in low sputtering poWer. This reasoh is
similar to that mentioned in relation to the_magnetic
layer (mégnetic £ilm) and the underlying layer ééntacted
with the above-mentioned magnétic layer. More |
particularl}, the nonmagnetic film is depdsi;ed in low
sputtering power to reduce an amount of impurities’

undesirably mixed into the underxrlying laye#.,_The'



reasom will be described hereinunder. Wen the underlying layer to be
Brought into contact with the ' 13
magnetic |layer is deposited in |ow sputtering power, the particles emtted
fromthe targets 15 during sputtering. reach the substrate strai ghtforwards
in a high probability wthout being scajgered and are decreased i-n number
as conpared with the case where sputtering is carried out in high
sputtering power. Accordingly, such |ow power sputtering nakes it possible

to reduce an f 'rg&x't' ) d/ ,
which are at t%%%%%e S #e#ﬁ%pl%%%?%%%ﬁfh%%ﬁﬂ?n%f grrillcli&v\ﬁlrg]h
are sputtered dpadis Rt IGABF £V L480d FOR 4t §PowEh Sof LIve Hagréted to

the underlying layer. The reésultant underlying filmincludes a snall

anount of the filfpWdined K@ snéiidpier o eRChh [lout Plspeinproveniént
ensures favorable crystal growh of the magnetic film formed on the

under | yi ng | aysf mthetche gropdesiespravel aseghetcosepebperforese. such as
t he coercive force. : The crystal growth of the magnetic |ayer
becomes " bad if the urkiemhentiphedetn comhmetion twithethegerderlyinger is
deposited in the sputtering power |ower than 100 K
layer, the crystal growth of the nonmagnetic layer
becomes bad if the nonmagnetié film is deposited in
sputtering power lowef than'loo watté. On the opher
hand, the sputtering power of higher than 1000 watts
results in deterioration of.tﬁé magnetié properties due
to undesirable mixtﬁre of.impurity_gases, Thé sputtering
power is thus preferabiy sélected within-the_rangé £from
100 to 1000 watts. Mpre.préferably, the sputtefing power
; falls within the range from 300 to 700 waﬂts. A
sputtering current denéity is preferably in the fange of
from 0.9 to 10 W/cm2 for the same reason.

Like in the underlying layer, it is prefergble
that the nonmagnetic film is deposited at a déposition
rate between 150 and 1500 anéstroms/min.} more preferably
between 450 and 1000 angstroms/mip;

The nonmaghetic film ié preferably formed by an
alloy b;sed on Cr like the underljing ldfer. This is
because the-alloy based on Cr enableS'the-cbercive force
which is required to achieve a high recbrding density
with a relatively small'film.thicknes§.' In addition,
such a nonmagnetic film based on an alloy based on Cr

never deteriorates the magnetic properties even when the

deposition is conducted in low sputtering bower.



watts: On the
watts brings

of inmpurity g
preferably se
preferably, t
watts. A sput
range from O.

ot her hand, the sputtering power which is higher than 1000
about deterloratlon of the magnetic properties due to m xture
ases into the underlying layer. The sputtering power is thus

| ected within the range between 100 and 1000  watts. More

he sputtering power nmay faIH

tering current density is preferably selected within the
9 to 10 Wcnferr] for the same reason.

14 As the spyjLep, pﬂa%\a%&cb%ﬁmf' UWe H]ﬂof RAlde iR dratni%y

(deposition r
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Paegna' Qﬁ&ﬁd thi@knklls 5@%%% | 19 hLale mlos %@%&tﬁdwt es to

within a range from 300 to 700

At
t he

roperties or pertormance of theée underlylng | ayer.

Wth this respgglngt hﬁtsp%h@&a@&at&%e tHROthag@RAld ipddpeirtiles WElaHe/i ng

ed wth the magnetic |ayer may preferably be controlled

ebudVah?Ombgnttde Feedirdamy Mediurand nore- preferably from
ngstroms/ mn. Herein, the underlying layer contacted-

netic | agach alfibyiscbalsled oar mzdniaw dre ,alfloxy ebsgpdeon
alloys of CrMo, CrV, and CrTa and the oiher'alloys
containiﬁg,.together with the above—mentioned alloys,'one
or two selected from the group cbnsisting of Zr, W, B,
Nb, Ta, Fe, Ni, Re, Ce, 2n, P, Si, Ga, Hf, Al, and Ti.
Of these alloys, CrMo, Crv,.CrMOZr, and CrTa alloys are
very preferable because of remarkable improvement pf
magnetic properties. The content of elements other,thén
Cr in the Cr-based alloy is-preferably determinéd in
consideration of the coherency of the magnetic layer’
lattice distance. _ : |

It is preferable that a total amount of Co and Pt
in the magnetic CoPt-based film is equal to-br_greater
than 70 (at.%) to providé sufficient coercive force. In
addition, no limitation is imposed'on the ratio betwéen
Co and Pt. Héwever, it is preferable that a ratio of
Pt/Co (at.%) is in a range from 0.06 to 0.2 from the_
viewpoints of improving the coercive force, . reducing - the
noise, and reducing costs.

Any other éomponents‘may be contained in addition
to Co and Pt in the magnetic¢ layer. For.example, the

magnetic layer may contain at least one element éelected

from the group consisting of Cx, Ta, B, O, N, Nb, Mn, Zn,

W, Pb, Re, V, and Zr.' Specifically, the magnetic layer



Cr. This is because the alloy based on C can obtain the coercive force
which is required to achieve a high recording density with a relatively
thin thickness. Therefore, such an underlying |ayer is not deteriorated
in the magnetic properties, even when it is deposited in |ow sputtering
power . The layer of the alloy bgged on Cr, which serves as the
underlying layer to be brought into contact with ‘the magnetic |ayer, nmay
have a filmthickness betmeen 10 and 100 angstrohs i n consideration of the

MAgNetic ProRest iy sl d B CIBNESY © & C6SB Ui Ca TBGY M
Such al |l oys basgél on% for exarrpley alloys of &My, OV, and CrTa

and the ot her cjpituss af%ﬂ'&ﬂ' rﬁf’tﬂapﬁmﬁ her19y | hot he edmyverneraineed al | oys,
one or two selected fromthe group conS|st|ng of Zr, W B, Nb, Ta, Fe,

Ni, Re, Ce, Zn, P, Si gdeh df .tHd magietic films separa(idtmpséhalloys
CrMo, CV, CrNbZr and CrTa alloys are very preferable because renarkabl e
i mpr ovenent ofnommg‘nﬁﬂicc e miaye be Termadtehthet by coeetsame her than O
in the Cr-based alloy is typically around 10 at.% taking into
consi der at i on mdtfer:lcdilerm@ Qi £ fdcenmagratexial and may be either
identical with or different from each other in thickness.
In addition, the magnetic layer maylhave a_p;urality.of
magnetic films (e.gf, five_filﬁs) etructured-by alterna-
tive lamination.of the nonmagﬁetic and magnetic films.

A proteetion 1ayef aqd a 1ubricetioh ;ayer'are_
successively deposited on.the'abeve-mentioned magnetic
layer. |

The protection layer is formed od the magnetic
layer for the purpose of protecting ﬁhe magneticllayer
from being destfoyed due to contact operation'of a
magnetic head.

As the protection layer, a Cr layer, aICr alloy
layer, a carbon layer, a zirconium layer, or a silica
layer can be used. These proﬁeetion 1ayef may be
deposited successively.along with oﬁherlleyers,_euch as
the magnetic laye;, by the'use_ef the ih-iine sputtering
apparatus. The protection'iayer_may have a;sihgle-film
structure, or may have a plurality of'fiimslwhich may'be
formed either by the same matefial or by different
materials. |

Another protection layer may be stacked on the:

above-mentioned protection layer. For example,

tetraalkoxysilane which is diluted with an alcoholic :



| ayer <l attice dlstance The underlying | ayer may consist- of two or

nmore layers or films and will be collectively called an underlying |am na

herei nunder. For exanple, a Cr layer may underlie the Cr-based alloy |ayer

contacted with the nagnetic layer. Alternatively, if-a glass substrate is

used, the underlying |lam na may be conposed of three |ayers successively

formed on the glass substrate. Speciflcﬁﬂly the underlying | am na may be .

conposed of an Al |ayer, a Cr layer, and a Cr-based alloy |ayer.

In the present inventi,on, S

above- nent i ongﬁllﬁfﬁ&é'r BN ﬁ§a1 gﬁ g‘ %hfhaltbﬁ’ée_frﬁnltiﬁé’egp ’%&%Jr)f’g o) o

and nmay consi of, _t eld f t n based
: tnd is regig,t% base Y P%]illq.%%% d:éirae (ﬁ[%f) fﬁ%ﬁ%ﬁ@

film and th nagne s event

nonmagnetic Cgl "Ebkﬁerdﬁﬁ%i Eﬁﬂchﬂﬂ Sputtering power. This
one

reason is simrar to t hat nent I n relatlon to the magnetic |ayer

(magnetic film and t kg ¢wN{alsy istGuctide,C VN T d aphis b tthe 1ike
above-nenti oned nagnetic | ayer. More partlcularly, t he nonmagnetic filmis

deposited in pe@vides bOthNGhoek relsd statices and ahumiicall prousdtics,
undesirably mxed into the underlying | ayer. The .
while the 8102 layer provides both wear resistance and
corrosion resistance. |
The lubricant layer is fprmed on the prOtection
layer so as-to rednce fricnional resisﬂance between the
magnetic head and a surface of the reeul£ant medium. The
lubricant layer may typically be applied in the following
manner. A liquid lubricant of, for example, perfluoro- .
polyether (PFPE) is prepared and diluted with, for
example, a freon-based solvent. Thereafter, the
resultant lubricant is applied'on the proteetion layer by '
the use of dipping, spin coating, or spraying technique.
The coated film may be heated.
The present invention will be described more inl
detail below in conjunctidn’ﬁith_a set pf exampleszand
'comparative examples, taking_the above'intofaceount.
Herein, it is to be noted Lnat Examples exemplify the
magnetic recording medium.according to the above-
mentioned embodiment. | |
Example 1 _
As shown in Fig. 4, ﬁxample 1 has a.glaee
subsirate 1 and an underlying lamina 2 on the glass -
' substrate 1. On the underlying lamina 2, a first

magnetic film 3, a nonmagnetic'film 4, a second magnéetic



16 nonmagnetic fil mthus has.-a good film performance. This enables not
only favorable crystal growh of the nmagnetic filmforned on the ,
nonmagnetic filmbut also inprovenent of magnetic properties, such as the
coercive force. ~As nentioned.in conjunction with the underlying

| ayer, the crystal growth of the nonnagn'bic | ayer beconmes bad if the
nonmagnetic filmis deposited in sputte? ng power |ower than 100 watts. On
the other hand, the sputtering.power of higher than 1000 watts. results in

deterioration Qf the maghetic properti du t n | , Xt ur e of

[ hrrpuri ty g?seﬁlm(l)' d t%r‘??fg"e%@ ?%yﬁﬁuss %‘Féjefée{r?%%%ig)is‘g?fe%ted W t hin
the range fro t 0 t r r : X P i wer
falls within t t;’f:'Jorsglir;"gece%Li #&o%’% frode]%/.g ?ﬁftgﬁeflﬁs‘%’utégﬁ ng céuﬁ e%?y‘ggnsi ty

is preferably qs[;%g@éw Pfthd "B G {6h apd£8 &1 rind 011kt sa68a

reason. e 1n the und ying layer,” 1t 1s preferable that the

nonmagneti ¢ i Bret MeRPail otk dharufifPOsidd Ohrowgle eé VESTLdwhgnd 1500

angstrons/ mn., nore preferably between 450 and 1000 angstromns/ mn.

The nonnmagnet igzgdgd. mis preferably forned by an alloy based on G like the
underlying layer. This is because the alloy based on Cr enables the -
coercive force which As nartiomst tlve faie cviche mage t e odtiskgeaencedyce

noise by interposing the nonmagnetic film 4 between the
magnetic CoPt-based fiims 3 and 5 and exhibits high
coercive force. The_magnetic disk is'favorably combined
with an MR head. |

First, a glass substrate with a diaﬁeter of 2.5 .
inches is prepared which 1s.composed of alumihosilicate
glass chemically reinforced by means of ibn'ethange.ﬂi
Both of front and rear surfaces of ;he glass substrate
are precisely polished to'provide:mirror surfaéeé each of
which has a surface roughness (Ra) of about 50 angSiroms.

As shown in Fig. 2, ‘the above-rientioned glass |
substrate is mounted onto a substrate.holder or pallet.
The pallet 18 is fed to the pallet load chamber 11 of the
in-line sputtering apparatus lo'illustraied;in Fig. 1.
Subsequently, the pallet load chamber 11 is éxhayéied .
from atmospheric pressure to a dégree of vaduﬁm which is
similar to thaﬁ of the sputtering'chambers (vécuuﬁ
chambers) 12. Thereafter, a partition wall 14115 opened .
to introduce the pallet 18 into a first one of thé vaéuum
chambers (12a). In this first vacuum chamber 12a, the
glass substrate mounted on the pallet ia is ﬁeated by a

lamp heater 19 at 300°C for one minute.: Then,_;hg pallet



wth a relatively small filmthickness. In addition, such a nonnagnetic
filmbased on an all oy based on C never deteriorates the nagnetic '
properties even when the deposition is conducted in |ow sputtering power.

17 The nonmagnetic filmof the alloy based on & may have a film
t hi ckness between 10 and 100 angstrons, 2iaking I nto consi deration the
magnetic properties of the resultant magnetic recordi ng nmedi um

Such all oys based on G may be, for exanple, alloys of CM, CV, and CTa

and the of her 1 l,QyS » AN ALA G LRIIRI- A Tad e EROYEECRTUDAIE (s | OV,
one or two selecte ]%romt € group consisting o Zr, W B, , Ta, Fe,

Ni, Re, Ce, 2%198.%8’.1 iin Cand a1 Rwed@ b Pass Betlwesnr e Cb(ﬁpoﬁﬂtiﬁ),epﬁ%

CrMoZr, and Cr loys are very preferable because of renmarka

i mprovenent ofor A &ldrgdiPLPEd A 18 wiidleir@fkepenbnt i sélhergé han  Cr
in the Cr-based alloy is preferably determned in consideration of the

coherency of tdtatwmgnetine tamjetd aird cElimédraong a transferis

preferable that a total anpbunt of Co and Pt in the magnetic CoPt-based

filmis equal dixemtipreaiferthe pallet and are successively ar:anged'in
the order of the target 15a for éluminum (Al) depositioh
and the target 15b for chromium (Cr) deposiﬁion}
Therefore, an underlying Al_film 2a of 50 angstroms thick
and an underlying Cr f£ilm 2b of 1000 angstroms thick are
successively deposited on both the front and the rear
surfaces of the glass substrate.

Next, the pallet 18 is transferred to a second

one of the vacuum chaﬁbers (12b) through a port 21. . The
pallet 18 is heated again by a heater 20 located within .
the second vacuum chamber 12b. The heat'treatment-is
carried out a£ 350°C for 1 minute. Thereafter, the
pallet 18 is moved at a transfer speed of 50 cm/min.
between the pairs of targets 15c through 15g held in
discharge states. In the second vacuum chamber 12b,
targets 15c for CrMo, targets 154 for CoPtCr, targets l5e
for CrMo, targets 15f for CoPtCr, and targets 15g for Cr
are successively arranged in this order. The fiims are
deposited in the order of the target arrangement. More
specifically, deposition is made 6f an underlying_CrMo
film 2c of 100 angstroms thick, a first magnetic COPtdr
film 3 of 120 angstroms thick, a nénmagnetic CrMo film 4
of 50 angstroms thick, a second magnetic CoPtCr film 5 of

120 angstroms thick, and a first protection Cr layer 6a



than 70 (at.% to provide sufficient coercive force. |In addition, no
limtation is inposed on the ratio between Co and Pt. However, it is
preferable that a ratio of Pt/Co (at.% is in arange from0.06 to 0.2
fromthe viewpoints of inproving the coercive force, reducing the noise,
and reduci ng costs. Any other c onents may be contained in
addition to Co and Pt in the magnetic | ayer. For exanple, the nagnetic

| ayer may contain at Ieast one el ement selected fromthe group consisting

of Cr, Ta, B, 0 , d Zr. Specifically, the
magnetic | ayer® 3o MysMoms"tnidk TR s er@%. o e fored by o

CoPtCr alloy, a CoPtT I I
CoPtCrNi all oy. aTﬂg 8¥gooFagﬁ§£§g§ﬁg%%%yFoﬁhggggggﬁgggdb%z%t@g

nonmagneti ¢ fiLaynayapesf ﬁarreqnﬂbheaebtrhaetaeget 18ecivadl composed boF ent
material and nmay be either dentical with or different fromeach other in

thickness. |nggdgit&08yr aha 5%9&61'CIhahﬂﬁiE&bnbatheaC&Mbr&Hﬁq&uﬂ 15¢
magnetic films (e.g., five films) structured by alterna- tive |amnation

of the nonmagngh&cisedweegnspuetiiredsin the powek pfo506t wattisayer and a
| ubrication |ayer are .
The CoPtCr targets 154 and 15f were composed of
78 at.s Co, 11 at.s Pt, and 11 at.% Cr.
Furthermore, the vacuum chamber was finally

-6

exhausted to 5 x 10 Torr and then an Ar gas was

introduced. Under the'circumstances, sputtering was
conducted at a pressure.of 5 x 10-3 Torr.

After completiop of deposition based on
sputtering, hydrophilication was conducted by Qashing the
first protection Cr layer 6a with isopropyl alcohol
(IPA). Thereéfter, the substrate was dipped-ih an
organic silicon compound solution (a solution of water,
IPA and tetraethoxysilane) in which fine particles
(particlé size of 100 angstroms) of silica were
dispersed. The resultant sﬁbstrate was fired to form the .
second protection layer 6b of 8102.

Finally,‘ihe surface of the second protection
layer 6b was dipped into a lubricant of perfluoropoly-
ether to form the lubricant layer 7.

The magnetic disk so obtained was tested as
regards coercive force, a product of residual
magnetization and film thickness, and a s£§n514£o-noise

ratio. The results are shown in Table 1 below. Table 1

also shows a differgnce (d(OOZ) - d(llo))'gbtained by



successively deposited on the above-nentioned magnetic [layer. . - The
protection layer is formed on the magnetic |ayer for the purpose of
protecting the magnetic |ayer from being destroyed due to contact
operation of a nagnetic head. : As the protection layer, a Cr

|l ayer, a O alloy |layer, a carbon Iayer,:f.zirconiun1layer,.or a silica

| ayer can be used. These protection |layer nmay be deposited successively
along with other layers, such as the nagnetic Iayer by the use of the

n-1ine SPul{ eplgl-a30RALAL Ry 1RS1PAAL RLEORIIURICSBE A 101 Bildiidd | T

structure, or ave a ura may be for
the sane m&term' i On%@h@&g@ fimt 9 b2 & material bYRYI¥n I@rzofa‘i‘ﬂlon

| ayer may be stacke ove- nentioned protection [ayer. For exanple

tetraal koxysi | gge FBICR cydithdt 2dt Wit Al sdla®ele0ldfc HCP (002) planes in
19 solvent is coated on the above-nentioned protection |ayer and'is

fired to form gnei keeondoiagfet $icOFanm 5.7 i A® whumierated/ dn ambamot]her
protection | ayer.

the distance is shorter than 0.030 angstrom.

Comparative Example 1

COmparative Exampie 1 wés prepared by
manufacturing a magnetic disk in a manner similar to that
of Example 1. However, Comparative Example 1 was
manufactured by supplying both CrMo targéts 15¢ and 15e.
with the sputtering power of 2000 watts. similar'tests
were conducted and the results of the teéts are shown in
Table 1. | |

) Comparative Example 2

Comparative Example;z'was manufagtufed iﬁfa
manner similar to that of Comparative Example 1..
However, the Cr targets were used in place of £he.CrMo
targets 15c and 15e. ISimilar tests and their results are
shown in Table 1. | |

Examples 2 through 4

Examples 2 through 4 wefe manufactured ;ike
Example 1. It is, however, noted tha£ both CrMo targets
15¢ and 15e were.sﬁpplied'with'the sputteringlpower of
200 watts, 800 watts, and 1000 watts in Examples 2, 3}
and 4, respectively. | |

Comparative Examples 3 and 4

Provision was made about Comparative Examples 3

and 4 which were manufactured by suppLying.both'the'CrMo



Wth this structure, the O layer or the like provides both shock

resi stance and chem cal protection, while the SiQ2 |ayer provides both
wear resistance and corrosion resistance. The lubricant layer is
formed on the protection |ayer so as to reduce frictional resi.stance
between the magnetic head and a surfacegf the resultant nedium The

| ubricant |ayer may typically be applied in the followng manner. A
liquid lubricant of, for exanple, perfluoro- polyether (PFPE) is prepared
and diluted Wilrqbek 1§gggphelsa FieANLhasgPutekyeRl. piiercst! 80, whltes

resultant lubricant 1s a ed on t protection |ayér by the use of

di pping, spin gRAtkBEo QEtEBE§¥é§BeE€QQBn?Ue- The coated filmmy be

heat ed. The present invention will be described nore in detai
bel ow i n conjunction m@kam9153t5othgﬁagnles and conparative exanpl es,
taking the above into account. Herern, 1t is to be noted that Exanples
exenmplify the nmagneti examptdedi 5gthedugh Acwerdi mgnudacheredoby- theemsieoned
enbodi nment . _ Exanmple 1 As shown in Fig. 4, Example 1 has a
gl ass substrabf thendGrMoZwntiargetsg (CanBfaak.8n Moe8gbiss®, andseéraie 1.

On the underlying lanmina 2, a first magnetic film3, a nonmagnetic film 4,
a second magneatec®) (Example 5), CrV targets (Cr 95 at.%, and'V 5 at.%)

-(Example 6), and CrTa targéié,(?r 95 at.%, and Ta 5 at.%)
(Exampie 7). Such térgets were used in place of.the CrMo
£argets 15e. Examples 5 through 7 had magnetic -
properties enumerated in Table 1.

Examples 8 through 11

Examples 8 through 11 were manufactured in a
manner which was similaf to that of Example 1 except that
the CrMo targets 1l5e weré compﬁsed of Cr 95 at.% and Mo 5
at.s (Example 8), Cr 90 at.% and Mo 10 at.% (Example 9),
Cr 80 at.% and Mo 20 at.% (Examplé 10), and Cr 60 at.%
and Mo 40 at.% (Examplé 11). Examples 8 through 11 were
evaluated and had magnetic properties shown in Table 11

Examples 12 through 18

E#amples 12 thréugh 18 were'manufactured in a
manner which was similér to that of Example 1 exceptlphat
the targets were uséd_in place of the CoPtCr targets 154
and 15£, as shown in the column "Note" of Table 1 .
Similar evaluation was made in cqnjunciion with Examples

12 through 18.



20 f1Im5, and a protection |layer 6 are successively deposited in this

order. In addition, a lubricant layer 7 is coated on the protection |ayer:
5. The illustrated magnetic disk is manufactured through the follow ng

st eps. As mentioned before, the magnetic di sk can reduce noise hy
i nterposing the nonmagnetic film 4 betweep the nagnetic CoPt-based filnms 3
and 5 and exhibits high coercive force. he magnetic disk is favorably
conmbined wth an MR head. First, a glass substrate with a -

dianeter of 2.5 i-nches is prepared whi ghpif QOnposed of alum nosilicate
gl ass chemcally reinforced by means of "1 on exchange. Both of front and
rear surfaces of the glass substrate are preC|ser polished to pravide
m rror surfaces—each—efTwhiep—has—ag—Surface—r

angst r ons. As shaw |ime Fieg | SZN t
substrate is npunted ontlo a slubst r at|&akip _The pallet 18 is
fed to the pal|Btampsad cheggpel 0.870f 33he IDDB30 nel sputtering apparatus 10

_|ILustraéed i n - DUUbequenll),-[He pal tetr {oad chanber Il 1S
exhausted fro %&ﬁﬁ phe fr la0=aldegree |o h
X1 aff piﬁspp ?‘i?ﬁ ftr%é . épuvtigf"iﬂ@ PhicrN2000 watts

simlar to th Exmuﬁ $ (vacuuym

Compara— : .
tive 1650 | 0.86 |31.5 | Nonmagnetic Cr film

Example 2

Compara- , .
tive 1900 | 0.95 | 27.8 Sputterlng Power 50 watts
Example 3

Example 2 | 1900 | 0.97 |33.4 |0.029 Sputterlng Power 200 watts
Example 3 | 1950 | 0.94 [34.0 |0.030 | Sputtering Power 800 watts
Example 4 |2000| 0.92 |33.7 |0.030 | Sputtering Power 1000 watts

Compara-— : :

tive 1800 | 0.82 | 29.1 Sputtering Power 1500 watts
Example 4 o . -

Example 5 | 2050 .97 |35.0 {0.020 |Cr 90, Mo 8, Zr 2

Example 6 | 1850 .95 |33.3 |0.032 Cr 95, V5 '

Example 7 |1800| 0.95 [33.3 |0.019 |Cr 95, Ta 5

Example 8 | 1950 .00 |33.8 |0.030 Cr 95, Mo 5

Example 9 | 1950 .97 |33.7 |0.019 . | Cr 90, Mo 10

.97 |33.9 |0.006 |cr 80, Mo 20

.92 |32.3 |0.002 |Cr 60, Mo 40

.10 | 32.7 |0.031 . | Co 85, Pt 10, Cr 5.

.90 [33.1 |0.021 |[Co 74, Pt 15, Cr 11

.68 |34.3 |0.018 |Co 71, Pt 12, Cr 17

.63 |35.6 [0.028 |Co 68, Pt 8, Cr 18, Ta 6
.91 [35.1-|0.027 |Co 72, Pt 10, Cr 14, Ta 4
.15 | 32.4 |0.029 | Co 88, Pt 10, Ta 2

.97 |32.0 |0.031 |Co 83, Pt 12, Ta 5

Example 10 | 1900
Example 11 | 1730
Example 12 | 1880
Example 13 | 2130
Example 14 | 2130
Example 15 | 2100
Example 16 | 2020
Example 17 | 1850
Example 18 | 1910

ol=m|lolo|lo|lo|m|lojoljo|r|olOo]O

[Units: Hc (0e), Mre & (mem/ca’), S/N ratio (dB)]



chanmbet's) 12. Thereafter, a partition wall 14 is opened to introduce the
pallet 18 into a first one of the vacuum chanbers (12a). In this first
vacuum chanber 12a, the glass substrate nounted on the pallet 18 is heated
by a lanp heater 19 at 300[err]C for one mnute. Then, the pallet

21 18 is transferred or transported at g transfer speed of 50 cnimn.
and all owed to pass between the opposing pairs of the targets 15a and 15b
which are kept in discharge states. The targets are aligned.along a

transfer direction OfAEh%?pQFESEeﬁEdfgﬁﬁ Sgﬁigsilveb*ggggagggd in the

order of the target 15a f m num eposi tion e target 15b
for ChrO”‘U”‘(ﬁ&&mﬂ@@oilEkﬂﬂbitlﬁeEeieﬁesieﬁaﬂﬂﬂsﬁhﬁiﬁﬂ Rhtlibl Bhga of 50

angstrons thick and an underlying C film2b of 1000 angstroems thick are
successi vel y degaseticd 2arget hetihimf h6NEeatld bBeukear Thikr iacBecahisehe
gl ass substrate. Next, the pallet 18 is transferred to a second

one of the vacth& nhmﬁhgfxeti&ZB).lmhleugbpasmﬂéa 2h. hIbh spakketrihy is
heated again by a heater 20 |ocated within the second vacuum chanber 12b.
The heat treatpeweris carried out at 350[err]C for 1 mnute. Thereafter,
the In addition, Comparative Example 2 exhibited é

low coercive force because of the nonmagnetié film of Cr

deposited in high sputtering power..

According to Examples 1 through 18, the

coercive force, the product of residﬁal-mégnei{zation

and film thickness, and the signal;io—noise ratio can

be adjusted to more preferablé values by_means of.

changing the sputtering powér, the material and

composition of the nonmagnetic film, and those of the

magnetic films. -

Examples 19 through 21 and
Comparative Examples 5 and 6

Examples 19 through 21 and Comparative Examples 5
and 6 were manufactured in a manner which was similar to
that of Example 1 except that £he CrMo targets 15c .and
15e were driven by the sputtering‘power and the
sputtering power density both of which were varied in the
column "Note" of Table 2. Similar results aré shown in

Table 2.



pal let18 is noved at a transfer speed of 50 cmmn. between the pairs of
targets 15c through 15g held in discharge states. In the second vacuum
chanber 12b, targets 15c for C M, targets 15d for CoPtCr, targets 15e

for My, targets 15f for CoPtCr, and targets 159 for Cr are successively
arranged in this order. The filnms are d sited in the order of the target
arrangenent. Mre specifically, deposition is nmade of an underlying C M
film2c of 100 angstroms thick, a first magnetic CoPtCr film3 of 120
angstroms thick, a nonmagnetic CrM fi ?. of 50 angstroms thick, a
second magnetic CoPtCr film5 of 120 angstrons thick, and a first

protection O fayer6a S/N d (0] )Y,
angstroms thick in this E rier | Mo & rétiJ* <§§2) target fggﬂmas conposed pf

98 at.% O an He—the—Crvortarget—5Se—was—conposed—of—95]
at. % Cr and 59 ﬂﬂﬂx*ﬁ addi t he fargets [l and 15e we
sputtered in thégﬁgﬁe i@%b it s.qﬁwg The %%5? ngﬂtgnd
15f were conpog e %8 %Co 11 at %Pt andl 11 .at on

-

Furthernore, thExampleud cm{lfbero.\mS f3onal Inw.om(hauSpmermgSPuwempemi]tYTor
and then an Ar|gas was .- 1.0 '

Example 20 | 1900 0.97 |33.7 |0.030 Sputtering gower Density
5.

Example 21 | 2000 | 0.95 | 32.9 | 0.030 Sputtering Power Density 10

Compara-— '
tive 1800 | 0.82 | 29.1 , Sputtering Power Density 15
Example 6 ' . _

[Unit: Sputtering Power Density (W/cmz)]_

Examples 22 through 24 and
Comparative Examples 7 and 8

Examples 22 through 24 and Comparative. Examples 7
and 8 were manufactured by chahging the depositibn or
sputtering rates as showh in Table 3 on sputteripg'the
CrMo targets 15¢ and 1l5e.. Such a change of the
deposition rates can be accomplished by varying the
sputtering power givgn to ihe CrMo targets 15¢c and 15e.

The magnetic properties have been shown in Table 3.

TABLE{3
. S/N dcoo=>— '
Hc |Mr- o ratio | dcaio> NOTE
Comparative : s
Example 7 1900 | 0.95 | 28.1 _ Sputter1ng Rate 100 .

Example 22 |1900| 0.96 |32.2 |0.030 | Sputtering Rate 180
Example 23 | 2000 0.95 [32.9 |0.030 | Sputtering Rate 1000
Example 24 |1900| 0.91 [31.0 [0.032 | Sputtering Rate 1400

Comparative ; . .
E le 8 1750 | 0.80 | 27.9 Sputtering Rate 1600

[Unit: Sputtering Rate (angstrom/min.)]




i 0t rodticed. Under the circunstances, sputtering was conducted at a
pressure of 5 x 10[err] Torr. After conpletion of deposition based
on ‘sputtering, hydrophilication was conducted by washing the first
protection Cr |ayer 6a with isopropyl alcohol (1PA). Thereafter, the
substrate was dipped in an organic silicgﬁ conpound solution (a solution
of water, |PA and tetraethoxysilane) in ich fine particles (particle
size of 100 angstrons) of silica were dispersed. The resultant substrate
was fired to formthe second protecticwb4§nﬁw3 b of SSgerr].

Finally, the surface of the second proteciio ayer 6b was dipped into a

| ubricant of perfluoropoly- ether to formthe lubricant |ayer 7.

The magneti ¢ disk—se—ebtatfped—was—tested—as—regards—eeereivre—oreea
product of res{dual nagneliBidifarenars fof Fuyfitadhdattien Ristance
21 90 Shows & dbtreremoetatterr it i h SR - 2o o Tar g
23 subtractifg a crystal || 2% ezc%l \@&f‘&eﬁ? SCCQQTD%grtﬁ*airf'esF“rWtke
nonnmagnetic film4 of a nalemsﬂ Meaprst i ¥dlnnd 2nd Magnetic Film

Example 1 0.031 0.030

Example 2 0.030 0.029

Example 3 0.031 - . 0.030

Example 4 0.031 0.030

Example 5 0.021 ' 0.020

Example 6 0.031 0.032

Example 7 0.031 0.019"

Example 8 0.031 0.030

Example 9 0.031 ' 0.019

Example 10 0.031 0.006

Example 11 0.031 ' 0.002

Example 12 0.032 ) 0.031 .

Example 13 0.023 0.021

Example 14 0.019 0.018

Example 15 0.029 0.028

Example 16 0.028 : : 0.027

Example 17 0.030 0.029

Example 18 | 0.032 - 0.031

Example 19 | 0.030 0.029

Example 20 0.031 0.030

Example 21 |- 0.031 0.030

Example 22 0.031 0.030

Exmaple 23 | 0.031 0.030

Example 24 0.032 0.032




M froma crystal lattice distance of HCP(002) planes in the second
magnetic filmb5. As enunerated in Table 1, the distance is shorter than

0. 030 angstrom Conpar ative Exanple 1 Conpar ati ve Exanpl e
1 was prepared by manufacturing a magnetic disk in a manner simlar to
that of Exanple 1. However, Conparativeqgxanple 1 was manufactured by
supplying both CrMb targets 15¢c and 15e with the sputtering power of 2000
watts. Simlar tests were conducted and the results of the tests are

shown in Table 1. e REPaLeht VErsyofiRbtes 2 and 3, ERARMBLAEkI 19

As %r :
Exampl e 2 was manufactured 1na manner simlar to that of Conpar ati ve

Example 1. Hoygyv&hght He éﬁdtééﬁﬁaﬁawfﬁe ER&fplespbagRreighhe ShdWw thatgets
15c and 15e. Simlar tests and their results are shown in Table 1.

Exanpl es 2 threnghedercive for&upnphesprodticbugl #estduabemagnetiizetiibnke
Exanple 1. It is, however, noted that both CrM targets 15c and 15e were
supplied with amé Splmtehicknessprand tReOskgnal-teopoheet ratdadcanobevatts
in Exanples 2,” 3, and 4, respectively. Conparative ExanEIes 3 and
4 Pr oad jushedato nprefapable Cvabueat by emeanapPEschanging thgi ch
wer e manufactured by supplying both the C M '

sputtering power density and the sputtering rate. 1In all

of Examples above, it is to be noted that-differences

(6(002) - d(llO)) between crystal lattice distancgs falls
within a range from 0.002 to 0.032 angstroms.

Herein, the differences (d(002).f d(lIO)) between

the nonmagnetic film 4 and the second magnetic film 5
have been shown in Tables 1 to 3 and may be called first
differences. Herein, it is to be noted that d(002)
represents a first crystal lattice plane distance of
(002) planes of a hexagonal close-packed (hcp) crystal
structure in the second magnetic film 5 of Co and Pt

while 4 ) represents a second crystal lattice plane

(110)
distance of (110) planes in-the nonmagnetic film 4 of Cr
and Mo.

More specifically, such differences have been
also measured in connection with the underlying'layer 2c
and the first magnetic film of each of Examplés 1 through
24 and may be referred to as second differences. ihe
second differences have been shown in the first column of
Table 3A together with the second differences (d(002)
d(llO)) shown in the second column of Table 3A. As

- readily understood from Table 3A, the second differences



24  targets 15c and 15e with the sputtering power of 50 watts and 1500
watts, respectively. Exanpl es 5 through 7- - Exanples 5
through 7 were manufactured by the use of the CrMZr targets (Cr 90 at.
M 8 at.% and Zr 2 at.% (Exanple 5), CV targets (Cr 95 at.% and V 5

at. 9% (Exanpl

e 6), and CrTa targets (Cr 95 at % and Ta 5 at.% - (Exanple

7). Such targets were used in place of tﬁ targets 15e. Exanples 5
magneti c properties enunerated in Table 1. Exanpl es

t hrough 7 had
8 through 11

whi ch was sim
wer e conposed

(Sco0my R onom PSS B4 NRARTORAEShya kot o0

%

10 at . @6(Exanp?%eg?igé&?ﬁggggpgggg 2mmgk Jgaét @EPESaﬁ%}ggiéthéb g M
at. % and M 49, abx¥a{ ByeERlA &1):an5éaﬁaus§e§ bhbezganalowaae aﬁ?ﬁlt.h!@hed

and had magnetic properties shown in Exanpl es
18 EXﬁﬂPéeﬁhéZfibéauamfééraﬁéesn%a%fggSULed(110§) BBEReenwhi ch was

simlar to that of Exanple 1 except that

the nonmagnetic film 4 and the second magnetic film 5.
Thus, processing is made as regards Examples 1 to
24 so- that both the first and the second differences

(deg02) ~
0.032 angstrom. In other words, the low power sputtering

d(llO)) fall within the range between 0.002 and

mentioned above serves to render each of the firs; and
the second differences within the above-mentioned range.
Accordingly, the lbw pover sputtering is effective to
reduce variations of the first and the second differences
within planes. This makes a distribution of the
differences (6(002) - d(llO)) uniforﬁ in planes and is
helpful to make quality of films and film structures
uniform. In addition, it -has been confirmed that
Examples 1 through 24 have improved magnetic propertigs,
as shown in Tables 1 through 3. -

A magnetic recording medium according to a second
embodiment of the present invention has a similar |
structure to the one illustrated in.Fig. 4 although some
differences are pfesent betweeh the first and ;he second
embodiments, as will become clear later. |

Example 25 was manufactured in the following

manner as a magnetic record;hg medium according to this

embodiment. The glass substrate 1 in Example 25 is

2 t hrough



the targets were used in place of the CoPtCr targets 15d and 15f, as shown
in the colum "Note" of Table 1 Simlar evaluation was nmade in conjunction

wi th Exanples 12 through 18. 25
TABLE 1 Hc M [err] S/'N [err] NOTE '
ratio Exanple 1 1900 0.97 33.7 0. 0gp Compara- tive 1950 1.00
29.5 Sputtering Power 2000 watts Exanple 1 Conpara- tive

1650 0.86 31.5 Nonmagnetic Cr film Exanple 2 Conpara- tive

1900 0.95 ééé?osed of al&%&ﬂééiif&higwﬁiaég)dﬁﬁtf% PEPL €e By Exanpl e 2

1900 0.97 0. 029 Sputtering Power 200 watts anple 3 1950

0.94 34.0 GHdBkhedPtd LEFdVEAEWEF r&P buetd Se ittt Kav@0d0surfade

33.7 0. 030 Sputtering Power 1000 watts Conpara- tive 1800 0. 82
29.1 rodylnéss NREPVSE ISk V50 tandgstarghe. 4 Exanple 5 2050 0.977

35,0 0.020 Cr 90, Mo 8, Zr 2 Exanple 6 1850 0.95 33.3 0.032 Cr.
95, V5 Exanple 7 1800rhe GuiferBRing ldmi¥i®d 2 {3 ampdsed &Raaptkeil ALO50 .
1.00 33.8 0.030 O 95 M 5 Exanple 9 1950 0.97 33.7 0.019 C
90, Mo 10 Exanfilm1Za dOME0 afg@ffroms3tigick ). @0hin Cx 31-)1ml\/¥)b2@fE§@19rpl e 11
1730 0.92 32.3 0.002 O 60, Mo 40 Exanple 12 1880  1.10  32.

0. 031 Co 85:angstugms o:hiaclaam# etlmn CuMp £hlmo2c 3af 150 @n@%&mm%:o 74

Pt 15, Cr 11 Exanple 14 2130 34.3 0.018
Exanpl e 15 21¢vpickg cthe Hhip CﬂﬁP o%’alm 2 LYPrigesy 069‘18‘“—%

16 2020 0.91 35.1 0.027 Co 72, Pt 10, O 14, Ta4ExarrpIe17
1850 1.15 32 2t-%-029 o 88, Pt 10, Ta 2

The first magnetic film 3 and the second magnetic
film 5 are composed éf the same material, i.e., a CoPtCr
alloy (Co: 78 at.%, Pt: 11 at.%, and Cr:_11 at.%) and are
each 120 angstroms in thickness.

The nonmagnetic film, namely, the nonmagnetic
intermediate f£ilm 4 interposed between the first magnetic .
film 3 and the second magnetic film 5 is composéd of a
CrMo alloy (Cr: 98 at.%, and Mo 2 at.i) and has a
thickness of 50 angstroms. | |

The protection layer 6 is composed of the first
protection film 6a and the sécond protection film Gb_
which are successively stacked from the slde of the
substrate. The first protection filﬁ fa is composed of a
Cr film of 50 angstroms thick, and serves as a chemicai
protection film for the magnetic layer. The other
protection film 6b is composed of a siiicon'oxide film of
160 angstroms thick and has hard.finé particles dispersed
therein. This second prdtection £ilm 6b providéé wear

resistance.



Exanpl'¢ 18 1910 0.97 32.0 0.031 Co 83, Pt 12, Ta 5 [Units: Hc
(Ce), M. [err] (nmenmu/cnferr]), SINratio (dB)]

26 _ As is apparent from Table 1, Conparative Exanple 1 exhibited
a low signal-to-noise ratio and caused a |arge nmedium noise to occur. This'
I s because the nonmagnetic filmis deposi %ed in high sputtering power.

In addition, Conparative Exanple 2 exhiblé | ow coercive force because
of the nonmagnetic filmof Cr deposited in high sputtering power. -

According to Exanpl es JTﬁ W‘}%} efoﬁrfé Vf#g%&& +f'epé)f

resi dual magneti zation and t'o- nol se ratlo

can  be adj Ust o} LeiRg e 5 ey dﬁit.ﬂ%m 465 DY HERS:, EnoSAROLEG t he

sputtering po materi a osition of the nonmagnetic film
and those of thgqeEetindad! | ms Exanpl es 19 through 21 and
Conpar ati ve Exa ?es 5 and 6 Exanmpl es 19 t hrough 21 and

Scmpfi;?t It \ée Exarml es 5 a anskKodese mauf fctwrbiy i the abovermedt boneds
magnetic disk is described below.

The above-mentioned glass sﬁbstrate is mounted
onto a substrate holder -(pallet). The pallet 18 is fed
to the pallet load chamber 11 of the in-line sputtering
apparatus 10 illustrated in Fig. 1. Subsequently, the
pallet load chamber 11 is evacuated from the atmospheric
pressure to a degree of vacuum similar to thét of the
sputtering chamber (vacuum chamberf 12. The:eafﬁer, the
partition wall 14 is opened to feed the pallet 18 into a
first vacuum chamber 12a. In this first vacuum chamber
12a, the glass substrate mounted on the pallet 18 is-
heated with a lamp heater 19 at 300C for one minute.
Then, the pallet 18 is traﬁsferred at a tfansfer~speed of
1.2 m/min, and allowed to pass between the opposing pairs
of the iargets 15a and then between 15b'ﬁhich are kept in
discharge states under an Ar gas pressure of 5 mTorr.

The targets are arranged along the trangfer direction of
the pallet and are formed by the target 15a for aluminum
(Al) deposition and the targets lsb-for chromium (Cr)
deposition. Therefore, an underlying Al film 2a, an
underlying Cr film 2b are successivelj deposited. on both
surfaces of the glass éﬁbstrate in the order of the

targets. Now, the Al targets and Cr targets are supplied



t hat of Exanpl e 1 except that the CrM targets 15c and 15e were driven by
the sputtering power and the sputtering power density both of which were
varied in the columm "Note" of Table 2. Simlar results are shown in

Tabl e 2. 27 .

TABLE 2 Ho M. [err] S/'N err] ratio
[err] Conpara- tive 1900 0.95 27. Sputtering Power Density
Exampl e 5 0.5 Exanmple 19 1900 0.96 30.5

0.029 SpUtte&kEg EBWE§aQ%QS ahY 1EﬁaﬁRhSngtEQOQesgeglivéayz dﬂfQﬂ%

Sputtering Po Densi
Exanpl e 21 20 ) in 32 9 0.030 Sputtering Power Density 10 Cbnpara-
tive 18088u6 5% ? Sputtering Power Density 15 Exanple 6

[Unit: Sputtering POWﬁEx@”ihEYpﬁWl@'ﬂ QBV ]lh] transferred®tadRhes sé&ond ough
24 and Conpar ati ve Exanpl es 7 and Exampl es 22 t hrough 24

and Conpar at i yachuamehambér aze &h\ﬁaughmn@f pairtiedoby walangiing * trhe
deposition or sputtering rates as shown in Table 3 on sputtering the C M

targets 15c apedllge€. 18udk healedgegafint kdth depesitero(r doeatednwidhin

acconplished by varying the sputtering power given to the CM targets 15c

and 15e. the second vacuum chamber 12b. THe heat treatment is

| carried out ai 37512 for 1 minute. Thereafte:, the
pallet 18 ié transported at a transfer speed of 1.2
m/min. between the pairé of targets 15c throﬁgh 15g kept
in discharge étates. Such discharge states can be
continued by an Ar gas kept_at a pressure of 1.3 mTorr.
The second vacuum chamber 12b has an arrangement of
targets 15¢ for CrMo, targets 15d for CoPtCr, targets 15e '
for CrMo, targets 15f for CoPtCr, and térgets 15g for Cr
which are located in this order. The films are deposited
in the ofder of the target arrangement. More
specifically, the underlyinglCrMo lajer 2¢c, the firét
magnetic CoPtCr film 3, the nonmagnetic CrMo f£ilm 4, the
second magnetic CoPtCr film 5, and the fifst protection
Cr film 6a are successively deposited on the underlying
Cr fiim 2b.
Sputtering was conducted with the power of 300

watts applied to the CoPtCr targets and 500 watts to the
Cr targéts. Furthermore, the vacuum chamber was finally

exhausted to 5 x 108

Torr and an Ar gas was -introduced
to 5 x 10_6 Torr. Under the circumstances, sputtering is

carried out in the second vacuum chamber 12b.



The ma@netic properties have been shown in Table 3.

TABLE, 3 Hc M. [err] SIN[err] NOTE

ratio [err] Conparative 1900 0.95 28.1 Sputtering Rate 100
Exanple 7 1900 Exanple 22 1900 0.96 32.2 0.030 Sputtering Rate 180
Exanpl e 23 2000 0.95 32.9 0.030 Spugyering Rate 1000 Exanple 24 1900
0.91 31.0 0.032 Sputtering Rate 1400 nparative 1750 0.80 27.9
Sputtering Rate 1600 [Unit: Sputtering Rate (angstronimn.)]

28 BLEs ences of
Crystal Lattice Di staﬁ%fter coﬂﬁ‘ ot of dePOSit%%?[tE???s?d([err]))

Under | yi ng Layg?ﬁtter nﬁﬂﬁétffr§i|§$otection layer 8&tah@UtRéi Sebbha
2nd Magnetic Film Exanp 1 . 031 0. 030 Example 2
0. 030 protecti@n029y5¥66B|8r8 formed inOaO@anner mentioned 0.030
Exanpl e 4 0. 031 0. 030 Exanple 5 0. 021"
0. 020 Exanpl e Before. 0. 031 0. 032 Example 7

0. 031 0. 019 Exanple 8 0. 031 . 0. 030
Exanple 9 0. CBinally, the lubrican®ldayeunnpl £slformed on (. 031

0. 006 Exanple 11 0.031 - 0.002 Exanple 12

0. 032 the secondprotRehiee laver 6b likeoin the first 0. 021
Exanmpl e 14 0.019 0. 018 Exanpl e 15 0. 029

0. 028 Exanpl e @mbodiment. 28 0.027 Exanple 17

0. 030 Q. 029 Exa 0.031

The magnech d}sk t=Te] obta?neé was subjected to
running tests with a floatihg distance kept at 0.075u m'
or less. The results were good. In addition, the
coercive force (Hc), the product (Mrd f'of residual
magnetization and f£ilm thickness, and-thé signal-to-noise
ratio were tested in connecpion with the above-mentioned
magnetic disk. The results are shown in Table 4. i |

Furthermore, Table 4 also shows compositions and
film thicknesses of the underlying érMo iﬁyer 2c, those
of the nonmagnetic intermediate CrMo film'4,-and the
substrate heating temperatuie and the Ar gas pressure
upon manufacturing the underlying CrMo layer 2c and £he
nonmagnetic intermediaie CrMo film_4. Moreover,

differences (4 )) are also shown which are

(002) ~ (110
obtained by subtracting the crystal 1attice distance of"
the (110) planes.in the underlying-CrMo layer 2c¢
(contacted with the magnetic CoPtCr film 3) from the
crystal lattice dispance of the (002) planes in the
magnetlc CoPtCr film 3. In addition, differences

(d(OOZ) - d(110)) are enumerated which are obtained by



Exanpl &' 19 0. 030 - '0.029 Exanple 20 ~ 0.031

0. 030 Exanple 21 0. 031 . 0. 030 Exanple 22

0. 031 0. 030 Exmaple 23 0. 031 ' . 0.030
Exanpl e 24 0.032 0.032 : '

29 : As are apparent from Tables Zgnd 3, Exanples 19 through 24

and Conparative Exanples 5 through 8 show that the coercive force, the
product of residual nagnetization and filmthickness, and the.

si gnal -t 0- noi seghBtiractafgheheadirystad hatRickeadliancel s the many of
changing the sputtering power density and the sputtering rate. In all of

Exanpl es above, plhnes i Bhenabamkaghetid iheesmeddiatedClrtor Film d( [Faom ))
bet ween crystal lattice distances falls wthin a range from0.002 to 0.032
angstr ons. the chigsend, lahtidief idseanee od( fther [(002)dplanels) inbehecen

t he nonmagnetic film4 and the second magnetic film5 have been shown in
Tables 1-to 3 amdgneyibeCoBitCadfAlmsb. differences. Herein, it is to be
noted that d[err] represents a first crystal |attice plane distance of
(002) planes of a hexagdkalscretedpibredtbrc@iifeyenges ddrygbyre in the

second magnetic filn1? of Co and Pt while d([err]) represents a secaond
crystal latticedphapg’ QP4RiREE Sromiibe prdgslying: fe oﬂﬁﬂ&ﬁé?FcaPFIn14

of & the magnetic CoPtCr film 3 were identical with the

differences (d ) obtained from the

(002) ~ §(11o)
nonmagnetic intermediate CrMo film 4 and the magnetic
CoPtCr f£ilm 5. This is becéuse the underiying,layer
2c, the nonmagnetic intermediate film 4,. the magnetic
film 3, and the magnetic film 5 were manufactured under
the same conditions. Taking this 1nto.§onsideration,
Table 4 thus shows the only one of two vaiues obtained
for each example. Likewise, this is alsq true of
Table 5. |

The signal-to-noise ratiq was tested by £hé use
of a thin film head. -Specifically, recording and
reproduction outputs were measured at a_tradk'récording
density of 110 kfci'with‘a.felative rate kept at_5;0 m/s
between the thin f£ilm head and thé disk and with a .
magnetic head floating distance held at 0.060 £ m.
In addition, noise spectrum pf thé magnétié-di#k was -
measured during signal recgraing.and reproduction on
this magnetic disk by a spectrum analyzer which had é
carrler frequency and a méasuring bandwidth set to 13.5

MHz and 27 MHz, respectively. The MR head used in the



and M ' More specifically, such differences have been also
nmeasured in connection with the underlying layer 2c and the first nmagnetic
filmof each of Exanples 1 through 24 and nay be referred to as second

di fferences. The second differences have been shown in the first colum of
Tabl e 3A together with the second differgnces (d(002) d[err] shown in the
second colum of Table 3A. As readily understood from Table 3A the
second di fferences 30 (d([err]) -

d([err])) bet&B@GelﬁénﬂﬂgﬂéthEQsﬁ§¥ﬁén@§ BRd atbecbrashgepaeki wifkthm. of
each of Exanples 1 through 24 exist within a range between 0.002 and 0. 032

angstrom |ikestheafurig) &i Léproaaetionl eratk-widehr b£bst segmm,tae

nonmagnetic film4 and the second magnetic film 5. Thus,
processi ng i sreededbagregards Exanples 1 to 24 so that both the first and
the second differences (d[err] - d[err] fall within the range between

0.002 and O0.482 hemgthoof Ol a&3opim; andds, reproductponegappliengthngf
nmenti oned above serves to render each of the first and the second
di fferences Widln&the above-nentioned range. Accordingly, the | ow power

sputtering is effective to
Examples 26 through 53

Examples 26 through 49 were manufactured in a
manner which is similar to that of Example 25 except that
process conditions were changed from those of Example 25
in connection with the compositions and the film
thicknesses of the underlying CrMo léyer 2¢, those of the
nonmagnetic intermediate CrMo f£ilm 4, the substrate
heating temperature{ and the Ar gas pressures upon
manufacturing the underlying CrMo layer 2c and the
nonmagnetic intermediate CxMo film 4, as enumerated in
Table 4. In addition, Examples 50 through 53 were |
similar to those of the other examples except that the -
underlying CrMo layer 2c and the nonmagnetic.intermediate
CrMo film 4 were formed by ¢rMoZr alloy and had film |
thicknesses of 50 angstroms, and that the composition of.
each 1ayer was changed from the other examples, as shown
ih Table 5. |

The magnetic disks according to Eiamples 26
through 53 were subjected to running tests with a
floating distance kept at 0.075 g m or iess.' In .
addition, the coercive fqrcé (Hc), the pioduct (Mrd )

of residual magnetization and film th;ckness, and the



reduce 'variations of the first and the second differences within planes.
This nmakes a distribution of  the differences (d[err]- d([err])) uniformin
pl anes and is helpful to make quality of films and film structures :
uniform In addition, it has been confirmed that Exanples 1 through 24
have i nproved nmagnetic properties, as shay in Tables 1 through 3.

A magnetic recordi ng nmedium according to a second enbodi nent of the

present invention has a simlar structure to the one illustrated in Fig. 4
al though some gighalenesfionse Paes6nwebel #eed hbashiredl 1andohhecteonnd
enbodi nents, as wll becone clear |ater. Exanpl e 25 was

nanufactured | nwibh Enhmpmesgzsnahneughssa.nagnetBignaaemdhngisedmamno
according to this enbodinent. The gl ass substrate 1 in Exanple 25 is

31 conposed owaal weasusedi tat thgl aameamdnnerpascincExampdei 2hed Adl of
provide mrror surfaces which have a surface roughness (Ra) of about 50
angstrons. the teat yasultisi agel shpown 2nj PabdmpodedndiSa thin Al film
2a of 50 angstrons thick, a thin C film 2b- of 600 angstrons thick, and
thin M film2c of 50Fugb§g;gﬁ§e, Tables 4 and 5 also show the :

compositions and the film thicknesses of the underlying
CrMo layer 2c¢, those of the nonmagnetic intermediate CrMo
film 4, the substrate heating temperature and the Ar gés |
pressure upon manufacturihg the_underlying Cfﬁo'layérIZC
and the nonmagnetic in;ermedigte CrMo film 4, and the

differences (4 ))-obtained by subtracting the

(002) ~ (110
crystal lattice distance of the (110) planes in the -
underlying CrMo layer 2c from the cfystal lattice
distance of the (002) planes in the magnetic CoPtCr £ilm

3, and the differences (d - d(llO)) obtained by

(002)
subtracting the crystal lattice distance of the (110)
planes in the nonmagnetic intermediate CrMo film 4 from
the crystal lattice distance of the (002) planes in-the
magnétic CoPtCr film 5. At any rate, the above-mentioned
differences in all of Examples fall within a range
between 0.002 and 0.032 angstrom,' This applies to the

following examples.



thick.“The thin CrM film2c conprises Cr 98 at.%and Mo 2 at.%

The first magnetic film 3 and the second nagnetic
alloy (Co: 78 at.%
each 120 angstrons in thickness.
i nternedi atggfil m4 interposed between the

t he same nate
11 at.% and
film nanely,
first magneti

CrM alloy (Cr:

angstrons.

protection filmo6a and the second protection film®6b which are

successi vely

film6a is co
chem cal pro
film6b is co
hard fine par
provi des wear

rial,
are
the n

i.e.,

onmagnetic .

a CoPt Cr

Pt: 11

film5 are conposed of

at.% and Cr:

The nonmagnetic

c film3 and the second nmagnetic filmb5 is conposed of a

98

at. %

and Mo 2 at.% and has a

t hi ckness of 50

The protection | ayemagrirs 4canposed of the first

stacked fromthe side of the substrate The first protection
posed Mdgnaticsr fillm of 50 an gE %:ﬁ;rilsﬁ]h R g‘tl er|Viinmagnet ic
[ ect i gnldyieem f or tmél_ndexgly_ dbg C %@ E P g@mﬁe Edi Lot Buteroediate
ixared Gdmpes$tioncon Layeri@ct i | mpefy 0o Afigstr @ns t hileiyeard has
| Plases| di dpti®ed { Fowpasitionn| ¢, seceed PE Eiqyy flifdmeb

r esi ls12thangstroms (at.%) (Angstrom) (at.%) 32 Thickness

x two layers _ | (Angstrom)

25 Co78Pt11Cr11 Cr9sMo2 50 Cr98Mo2- 50

26 ” ” 100 . ”

27 ” ” " B0 ” - ” |

28 ” ” ” ” ”

29 ” Cr95Mo5 50 Cr95Mo5 - 50

30 ” ” 100 . ”

31 ” ” 20 ” ”

32 ” ” 50 ” 20

33 ” ” ” ” 50

34 ” ” ” ” ” .

35 ” Cr90Mo10 50 - Cr90Mol10 50

36 ” ” 100 » "

37 ” ” 20 ” ”

38 ” ” 50 ” 20

39 “ ” ” " 50

40 ” 7 ” . ” 4

41 ” Cr85Mol15 50 Cr85Mo15 50

42 " ” 100 »r ”




The lubricant layer 7 is conposed of perfluoro- polyether so as to
mtigate a contact shock with a nagnetic head. A net hod of
manuf acturing the above-nentioned nmagnetic disk is described bel ow

The above-nenti oned gl ass substrate is nounted onto a substrate hol der
(pallet). The pallet 18 is fed to the pallgg | oad chanber 11 of the
in-line sputtering apparatus 10 illustrated™i n Fig. 1. Subsequently, the
pallet load chamber 11 is evacuated fromthe atnmospheric pressure to a
degree of vacuumsimlar to that of the g FFt? bng chanber (vacuum
chanber) 12. Thereafter, the partition’ ma 4°1s opened to feed t he

pallet 18 into a first vacuum chanber 12a. 1n this first vacuum chanber
12a, the gl ass substirqigt de ted on the paIIet 8 ifs heated with a lanp
heater 19 at OQ{aﬁr.r el ﬁﬁte i ?&3 /r&B/NeRafJiB idxobsitich €4y pd
at a transfer d |of gipmi "r?ﬁ D! H“%‘g Rasgdiet weethngstroappos| ng
pairs of the [target|stubpeecan (MoFthef ween 1§58*thi dh are kedt in dischafge
states under agmA aS_PLESS T e T4rg arg ar [, d_al png
the transfer 'riQWi nn3§ t _aﬁgiér ’ﬁyng ,?ﬁh +arng$ ‘a £br
alumi num (A )| d28pogitien and the tar je280L5b G.84 dhr 8riim ((or ) ¥0.028
deposi tion. Thergforle, under T yi1 ng }ésd oAl ggd@rl y| ng+6)r03f2| I m Bb
are successi vely—degoesited—on—both—sttacesot—the—ogtass—s uotlﬁ % rthe
order of the 28 375 90 0.96 35.3 032

29 375 1.3 2050 1.00 37.1 +0.026

30 ” ” 2100 0.96 37.3 +0.25 -

31 ” ” 2000 0.94 37.0 +0.027T

32 # ” 2000 1.00 37.1 +0.026

33 - 300 ” 1950 0.96 1 36.3 - +0.029

34 375 5.0 1950 0.97 36.3 +0.030

35 375 1.3 2000 1.0 36.7 .40.015°

36 ” ” 2050 0.96 36.9 +0.014

37 ” ” 2000- | 0.93 | 36.8 +0.016

38 ” # 2000 1.00 36.7 +0.015

39 300 ” 1950 | 0.97 | 36.5 +0.019

40 375 5.0 1950 0.96 36.3 +0.021

41 375 1.3 1950 0.99 3.5 | +0.007

- 42 ” ” 2000 | 1.02 35.6 ~ +0.008




targets. Now, the Al targets and Or targets are supplied :

33 with 300 watts and 1.0 kilowatts, respectively, during sputtering.
Next, the pallet 18 is transferred to the second vacuum chanber 12b
through the partition wall 21. The pallet 18 is heated again wth a heater
20 located within the second vacuum chanb 12b. THe heat treatnent is
carried out at 375[err]C for 1 mnute. Thereafter, the pallet 18 is
transported at a transfer speed of 1.2 mmn. between the pairs of targets
15c through 15g kept in discharge statfggrpugbydi scharge states can be
continued by an Ar gas kept at a pressure of 1.3 niforr. . The second vacuum

chanber 12b has an %L;;;%pnpnr of targets 15¢ for Grio,—targets—ibd f%F.
o o a5 LoFioeeeer 0 | i et omgnatto 5, S
of the target| Exara éjeﬁﬁﬁlu%re Layer-2G i cdiRiim t he Uridyetryd ng ?%rayer
2c, the first PlRBgnet| fe&‘%o ﬁ’%ﬁ%’“ﬁ’ﬁe Tidokmegset|i GomPpsition| mpl 4t hag
second magnet|i c Coi)ﬁéb FEEHT®S bind BRe® i rlseangstamdtfi on (2% i | ( Bm)
successi vel y [deposil e AAYEES hder| ving

43 | Co78Pt1iCril Cr85Mo15 20 __ Cr85Mol5 50

44 ” ” 50 ” . 20

45 ” ” N ' 50

46 ” ' ” ” ” ) ”

47 ” | craoMo20 50 Cr80Mo20 50

48 ” u ” o _ ”

49 ” ” o ) ” _ ”

50 ” Cr95Mo2Zr3 » | Cr95Mo2Zr3 ”

51 ” Cr92Mob6Zr2 v Cr92Mob6Zr2 ”

52 ” Cr88MoBZrd | - ~ | Cr88Mo8Zr4 ”

53 # | Ccr83Mol2Zr5 7 | Cr83Mol2zr5 ”

TABLE 5-2
Exan- ﬁ‘éﬁiﬁi;te A s o He (00) "(‘;gmu /| 5/M Ratio | decosr-dcasos
ples | Tempera- (uTorr) cn?) (dB) (Angstromo
ture(C) ) - : .

43 375 1.3 . | 1950 | 0.95 | 35.5 | +0.007

44 ” " 1 1950 | 0.99 35.5 . +0.007

45 - 300 " 1850 | 0.97 | 35.1 +0.013

46 375 5.0 1900 | 0.96 |- 35.2 +0.011

A7 375 1.3 | 1950 | 0.97 | '35.3 | +0.002

48 300 ” 1850 .| 1.02 | 35.1 . | " +0.005

49 375 5.0 1900 | 0.99 35.2 | +0.004

50 » 1.3 2070 | 1.02 | 37.8 +0.028

51 ” ” 2150 | 1.01 38.3 | . +0.025

52 |-~ ” 2150 | 1.05 38.0 - +0.021

53 ” ” 2100 | 1.00 37.8 +0.016




O film2b. Sputtering was conducted with the power of 300 watts
applied to the CoPtCr targets and 500 watts to the Cr targets.

Furthernore, the vacuum chanber was finally exhausted to 5 x 10[err] Torr
and an Ar gas was introduced to 5 x 10[err] Torr. Under the circunstances,.
sputtering is carried out in the second vqcuun1chanber 12b.

34 After conpl etion of dep05|t|on through sputtering, the first
protection |ayer 6a and the second protection |ayer 6b are fornmed in a-

manner nentioned beforgﬁ ?5ee?ngthEak#xmt?Qﬁ%ggba'5ﬁﬁéoha*§5mﬁlé§ her med

on the second protecti

The mgnetic di er30qR0Ld gig9w?errFna891§gn§olaguennegaaaS£ﬁewnth a

fl oating di st ance" m or he results were good. In

addi tion, the ESRﬁSFHStiQVEEtGEEEGihhS p1 06UGt welve| ebboyeal oEcErBual
magnetization and fiTmthickness, and the signal-to-noise ratio were

tested in Ponneﬁilég #hiihat8eerbBOY tefitNihoB68rciwenEbireedi(Ht), The results
are shown in Table :
product (Mrd ) of residual magnetization and film
thickness, '
and the signal-to-noise rapio. Exempiee 59 through 53
which have the underlying layer 2c of CrMozr alioy and
the nonmagnetic}ihﬂermediate film 4 of CrMoZr alloy
are also excellent in coereive force (Hc),.the product
(Mrd ) of residual magnetizatien and film thickness, and
the signal-to-noise ratioe Iﬁ'part;cular) it has been
found out that addition of Zr to the CriMo alloy is
helpful to further reduce noise and to imprbve-the signal-
to-noise ratie. To achieve such an effect, the content
of zr is preferably selected in a range between 2 and 5
at.%. _ | .
Examples.25 through 53 indicate that the
differences (d(doz) - (110)) which represent
relationships of the crystal ;attice distanqes between
the underlying CrMo layer 2c ‘and the.magnetic CoPtCr film
3 and between the nonmagnetic intermediate CrMo £ilm 4
and the magnetic CoPtCr film 5 can be chenged in
dependency upon the composiﬂions of the underlYiﬁg layer
2c, the compositions of the nonmagnetic intermediate film

4, the substrate heating temperature, and the Ar gas

pressure.



Furthernore, Table 4 al so shows conpositions and filmthicknesses of the
underlying CM | ayer 2c, those of the nonmagnetic intermediate CrM film
4, and the substrate heating tenperature and the Ar gas pressure upon
manuf acturi ng the underlying C M |ayer 2¢ and the nonnmagnetic
intermediate CrM film4. Moreover, diffg&ences_(d[err] -d[err] are also
shown which are obtained by subtracting the crystal lattice distance of
the (110) planes in the underlying C M |layer 2c (contacted with the
magnetic CoPtCr film 3)gfg0 thkC n 0Q2)

pl anes in the nmagnetic %%P?%?HFIF %ﬁaﬁglégd??lgﬁgbaﬁ?fggegéegﬁgfg grr
dlerr] are enugmapicam¥lhenod’ RoOhia! A8de@Yare excellent in the _
35 subtracting the crystal lattice distance of the (110) planes in the
nonmagnetic inteigrdlate-hbMeef ratrd.from the crystal lattice distance of
the (002) planes in the magnetic CoPtCr filmb5. It is noted that
the differences (d(002)Thesd| eeshlobt bhdkdateothahethadeohyeny &€Miol aner
2c and the magnetic CoPtCr film3 were identical with the - differences
d[err] obt ai nedtihe o8rMbealloy used in the underlying layer 2c¢ and the

nonmagnetic intermediate film 4 is preferably restricted
within a range between 2 and 20 at.% and serves to
restrict the differences (d(002) -_d(110)? to-the_
predetermined range mentioned above.

- Examples 54 to 70

Examples 54 to 70 ﬁere manufactured-in a manner
which is similar to that of Example 25 except that the
combination of the bompqsitione of the underlying CrMo.
layer and the nonmagnetic intermediate CrMo film 4 was’
changed as shown in Table 6..

Like in Exmapies 25 to 53, similar running

| tests and similar measurements-were'carried eut in
connection with Examples 54 to 70 also. 'It has been
confirmed that Examples 54 to 70 have excellent
properties like the other examples ﬁentibned above, ae

shown in Table 6.



nonmagrieti ¢ internediate CrM film4 and the magnetic
I s because the underlying |ayer

t he magnetic
sane
only
true
of a
wer e
rate
magneti ¢ hea

of Tabl

condi ti ons.

e 5.

thin filmhead.
nmeasured at a track recording dengasyrob-110 kfci
kept at 5.0 m's

Speci fically,

2c,

for each gxanple.
The signal-to-noise ratio was tested by the use
reproducti on outputs
with a relative

recordi ng and

Li kew. se,

‘CoPtCr film5. This

spectrum of t
reproducti on

carrier freqg

respectively.
36

above- e
m a reprodug

the nonmagnetic internediate film4,
film3, and the magnetic film5 were manufactured under
Taking this into consideration,
one of two val ues obtai ned

t he

Tabl e 4 thus shows.the
this is al so

between the thin filmhead and .the disk-and with a

floating distance held at 0 060 [err]l m |n addition noise—
he nagpﬂ@netnw sk was neasure Ehvhes] ar ¢ tic
on tHileyemgnetic [Usderbying s%g%na%%y Inkermediate
elh;gg;a@m&sig?ﬂg;hn MQgg\gO?ltl‘F el To 13[.%2@4.42. an( %&{SWHZ
nl: i ongd 28eangsteoRm| s B rec w&r a??p(ﬁibtg;ﬁn q fTh&d?jgé
tion tiradRoliayers of 3.5 [err]| m a (AngSt

54 Co78Pt11Cri1l Cr98Mo2 50 Cr98Mo2

55 ” ” ” . Cr90Mol10 ”

56 ” ” ” Cr80Mo20 ”

57 ” Cr95Mo5 ” Cr98Mo2 ”

58 ” ” # Cr90Mol10 #

59 ” w ” Cr85Mo15 ”

60 ” ” ” Cr80Mo20 ”

61 ” Cr90Mo10 ” Cr98Mo2 ”

62 ” ” ” - Cr95Mob5 ”

63 ” ” ” ‘Cr85Mol5 L ”

64 ” ” ” Cr80Mo20 - ”

65 ” Cr85Mol5 ” Cr98Mo2 ”

66 ” ” ” Cr95Mo5 -

67 ” ” ” " Cr90Mol0 ”

68 ” Cr80Mo20 ” Cr95Mo5 - ”

69 ” ” # Cr90Mo10 ”

70 ” ” ” Cr85Mol5 ”




reéordi'ﬁg gap length of 0.43 [err] m and a reproduction gap | ength of
_ - Exanpl es 26 through 53 :
49 were manufactured in a manner which is simlar to that of Exarnple 25

0.31 [err] m

except that

connection wth the conpositions and the fil _
nonnmagnetic internediate CrM film
gas pressures upon

underlying C M
4, the substrat

| ayer
e

2c,

t hose of the
heati ng t.enperat ure,

and the Ar

manuf acturing the underlying CrM |ayer 2gaapg Ehe

50 through 53 were

Exanpl es 26 thr_ough

process conditi-ons were changed fromthose of Exanple 25
-thi cknesses of the

nonmagneti c

in-

underlyi ng CrM
formed by CrMoZ
t he conposition
shown in Table
t hrough 53 wer g
at 0.075 [err]

product (M [err

intermediate CrM film4, as enunerated in Table 4. In addition, Exanples
simlar to those of the other exanples except that the
| ayer] @®sendl -t he ndnmagrletic ipterme dadde> &M, i d dbod, WL o)
r all dwatsd had fil thijcknessg¢s of 50 (Rip@trom)ns,| a(Adgstiain)
of ﬂaﬁhﬂ-a_ ar G#ss [chandegd fromdtRe DbbtweeaXBinsitdsbetasen Second
Exam- | ing Phes-magndie d i sk? ¢ o i Magnetdc Exany) Megnétic
plesj dctemd t ¢ snemni ng(0eddt 2§ﬂf ( | bayemg atidst Jriayek dpand’
m or ||gesa-| h (wEaim)t|i on, |the’coer |Le ndexdying) , |tNommagnetic
]) of| tueei dlial magnieti zqti on apd fil pleyecRaess, |alntermadiate .
C) ~ ' Layer 4
54 375 1.3 - |1950 | 0.97 35.8 +0.029 +0.026
55 ” ” 2000 | 0.97 |35.7 ” +0.015
56 ” " 1900 | 0.95 35.1 o - +0.002
57 ” ” 1900 | 0.98 | 36.0 | +0.026 +0.029 -
58 ” ” 2050 | 1.00 | 37.1 ” +0.015
59 ” ” 1950 {1.00 | 36.5 ” +0.007
60 ” ” 1950 | 1.02 36.0 ” +0.002
61 ” ” |1 1950 | 0.98 36.1 +0.015 +0.029
62 ” ” 2000 | 1.00 | 37.0 ” - +0.026
63 ” o 2000 | 0.99 36.2 ” +0.007
64 ” ” 2000 | 1.01- | 36.0 e +0.002
65 ” ” 1900 1.00 35.0 +0.007 +0.029
66 ” ” 1950 { 0.99 35.8 # ' +0.026
67 ” ” 1950 | 0.98 35.5 ” +0.015
68 ” ” 1900 | 0.97 35.5 +0.002 +0.026
69 ” ” 1900 | 0.96 35.4 ” +0.015
70 ” ” 1950 | 0.98 | 35.2 ” +0.007




37 si‘gnal -t o-noi se ratio were al so measured in connection wth Exanples
26 through 53. The signal-to-noise ratio was neasured in the same manner
as in Exanple 25. Al of the test results are shown in Tables 4 and 5.
Furthernore, Tables 4 and 5 also show the -conpositions and the film

thi cknesses of the underlying CrM |ayepg2c, those .of the nonmagnetic
intermediate M film4, the substrate heating tenperature and the Ar gas
pressure upon nanufacturing the underlying CGM |ayer 2c  and the

nonmagneti ¢ i nternedi g{& '\Qpééféﬂé £P0H Bd1e 06 f fEAE NESSrl wé rforcdl err]
obt ai ned by subtracting t crystal lattice di stance of the (110) pl anes

in the underl g, AP ﬂ:ﬁd&ic@cmf@m tée FéyEdwdl |mdgneelzaisémnamd of t he
(002) planes in the magnetic CoPtCr film 3, and the differences (d[err]

obtai ned by sgibtri aciidknéde, Cindtete | fignab-thsiotse rdtidewgd0) pl-anes
in the nonmagnetic internediate M film4 from the crystal lattice

di stance of thhemgPHred prleeresthen wide r hptmget CxMEoFayer f 2¢ rwisicht ineludes e,

t he above-nentioned differences in all of Exanples fall within a range
bet ween 0. 002 Zinkb 2®32t et rden ig¢onbined aeith the neogmagRehicexanpl es.

intermediate CrMo film 4. Practically, improvement of
the signal-to-noise ratio has been achieved by a
combination of the underlying CrMo layer including 2 to
20 at.% of Mo with the nonmagnetié.intermgﬁiate CrMo film
including 5 to 10 at.% of Mo and another combination of
the nonmagnetic intermediate CrMo f£ilm including 2.to 20
at.s of Mo with the underlyiné CrMo layer iﬁcluding_s to
10 at.% of Mo. In addition, the most preferable
combination for 1mproving'the signal-to-noise ratio-has
been'found to be a combinattbn.of the underlying Crﬁo
layer including 5 £o 10 at.% of Mo with the nonmagpepic
intermediate CrMo-film-inﬁluding 5 to 10 at.% of Mo.

Examples 71 through 88

Examples 71 through 80 were similar in stxuctufe
to Example 25 except that the compdsition of the magnetic
£1lm 3, the composition of the gnderlying'C;Mo'layer 2c,
and the composition of the ﬁonmagnetic intermediate CrMo
£ilm 4 were modified in Examples 71 through 80, as shown
in Table 7. o

Likewise, Examéles-Bl_through 88'weré different
from Example 25 in view of the fact that the composition
and the material of the magnetic film 3, the composition

of the underlying CrMo layer Zc, and the composition of



[err]
[err]

38 [ TABLE 4-1 39 TABLE 4-
40 TABLE 5-1

As are apparent from Tables 4 and 5, Exanples 25 through 49 with the

underlying | ayer 2c and the

of CrM

46

the nonmagnetic intermediate CrMo film 4 were varied in
Examples 81 to 88, as shown in Table 7. |

The magnetic disks according to Examples 71 to 88
were tested and measured like in the other exaﬁples
mentioned above. The test results and the measurement
results of Examples 71 to 88 are shown in Table 7 nad
have been found to be improved.

It is noted that, in Table 4, the difference
(d(ooz) - d(llO)) obtained by subtfacting the eryetal
lattice distance of the (110) planes in the underlying
CrMo layer 2c¢c from the crystal lattice distance of the
(002) planes in the magnetic CoPtCr film 3 was equal to
the difference (d(002) —_d(llo)).obtained bj subtracting
the crystal lattice distance of the (1;0) planes in the
nonmagnetic intermediate CrMo film 4 from the crystal
lattice distance of the (002) planes in the magnetic
CoPtCr f£film 5. This 1s because the underlying layer 2c,
the nonmagnetic intermediate film 4, the magnetic film 3,
and'the magnetic f£ilm 5 were depoeiied within the same
conditions. Taking this into consideration, Table 7

shows the only one of two values obtained for each -

example.

2
41

nonmagnetic internmediate film4 were conposed



alil oy dnd are excell ent
magneti zation and film

r esi dual

I n coercive force (Hc),
t hi ckness,

t he

product (M[err].) of
and the signal-to-noise ratio.

Exanpl es 50 through 53 which have the underly| ng | ayer 2c-of CrMZr all oy

and
excel | ent

magneti zation and filmthickness,

parti cul ar,
hel pf ul

it has been
to further reduce noise and to i rigyegye e signal -
To achi eve such an effect,

range between 2_and

the differenc
| attice.di stan
CoPtCr film 3

and
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the signal -to-noise ratio.
found out that addition of Zr to the CrM alloy is
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I n coercive force (Hc),

r esi dual

t 0- noi

In

se ratio.

t he magnetic Cpople€s

conpositions o
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the Ar gas pr

the content of Zr is preferably selected in a
at. % Exannlis 25 _through 53 jndicate that
bs  d[ EMagneticwhi ch fepresent onsh s _of {he [Nommbgrhetic
ces bejbsywr the und=Uh(;enlgm§I\/ ?‘%ﬁ% . Treolhetiergediate
Exai-b E\Cmmp&usuthnn nonfrbayet 2c i nt ﬁFd Gte rp ALayan o4
[ i | nfa.%¥an be ¢Fomppsdtion e CY cAhpRRi Film
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72 ” " Cr90Mo10 - ” s ” .
73 CoT1Pt18Cr11 Cr95Mo5 ” S v
74 ” Cr90Mo10 ” ” o
75 | Co84Pt11Cr5 Cr95Mo5 @ .” ”
- 76 # Cr90Mo10 ” v -
77 Co74Pt11Cr15 Cr95Mo5 ” " ”
78 ” CrgaMo10 . ” ” ”
79 | Co64Pt11Cr25 Cr95Mo5 " ” ”
80 ” Cr90Mo10 ” - ”
81 Co87Pt11Ta2 Cr95Mo5 ” ” . ”
82 ” - Cr90Mo10 ” ” ”
83 Co84Pt11Tab Cra5Mo5 ” ” ”
84 ” Cr90Mo10 - | ” ” ”
85 CoT6Pt11CrilTa2 Cr95Mo5 ” ” ”
86 ” Cr90Mo10 ” ” ”
87 CoT73Pt11Cr1iTabd Cr95Mo5 ” ” ”
88 ” Cr90Mo10 - ” K ”




42 ‘ For exanple, Exanples 25 through 53 to which a small anount
of Mo are added are excellent in the signal-to-noise ratio. . These
results indicate that the content of Mo in the CM aIon used in-the
underlying layer 2c and the nonmagnetic interrredl ate film4 is preferably

restricted within a range between 2 and 20 % and serves to -restrict
the differences d[err] - d[err] to the preéeterm ned range nenti oned
above. Exanpl es 54 to 70 Exanples 54 to 70 were

manuf actured in a manner which is sin | eapte tthat of Exanple 25 except
that the conbination of the conpositions of the underlying CM |ayer and

t he nonn'agnetlc internediate M film4 was chan ed as shown in Tahle 6.
Li ke in Exmaplles 25 |tSubS8ratei il ar _ruhning |t,esis 4nd sim[dr measurenents
were car ried ouixamn Heatibwgt | :ﬁé g 4u%c S/8 Rd_tio. d ook ®l ce®n
confirnmed that| idesny| Tempéra-t o opgy e| exterljgla opédB)i es || (Akgstrom) ot her
exanpl es nentijoned gitwre(*Cas own | L] Tabl g ©. :
1 375 1.3 1850 | 1.09 35.5 +0.001
72 ” 1 o~ 1850 | 1.10 35.1 +0.003
73 ” ” 2250 | 0.88 | 35.6 | +0.032
74 ” » | 2300 | 0.89 36.5 - L -+0.24
75 ” # .| 1900 | 1.09 35.8 ~ +0.031
76 ” ” 1950 | 1.10 | 36.3 " +0.022
T ” ” 2150 | 0.95 | '36.5 | - +0.020
78 ” ” 2200 | 0.94 35.6 - +0.010
79 w ” 2300 | 0.82 | 35.9 | +0.013 -
80 ” ” 2350 | 0.82 |  35.1 © +0.003
81 ” ” { 1900 | 1.10 | 34.3 | +0.028
82 ” # | 1950 | -1.11 |  34.9. | - +0.020
83 ” " 1950 | 1.01 34.1 +0.032
84 ” ” 1950 | 1.10 | 34.8 +0.024
85 » »# .| 2050 | 0.91 | 37.0 +0.028
86 ” ” 2000 | 0.91 36.8 +0.018
87 ” » .| 2100 | 0.75 35.5 | +0.030
- 88 ” ” 2050 | 0.76 |. 35.8 -40.021




43 [err] TABLE 6-1 44 [err]

45 As is apparent from Table 6, the coercive force (Hc), the
product (M[err] ) of residual nagnetization and filmthickness, and the
signal-to-noise ratio were inproved when the underlying CrM |ayer 2c
which includes 2 to 20 at.% of M is conijned with the nonmagnetic
Internmediate M film4. Practically, ﬂﬁ%rovenent of the signal-to-noise
rati o has been achieved by a conbination of the underlying CM |ayer

0l 00 210120 A M0 e BRGSO R ™
I ntermedi ate CEWan'—@o'—ﬂ%'ilé%' QQ.t%. %a%obe achieved when the underlying
layer 2c and the nonmagnetic_intermediate film 4 are each
composed of the CrMo alloy including 5 to .10 at.% of Mo
and the magnetic film is composed of the CoPtCr alloy_
(Examples 71 through 80) including 60 to 90 at.% of Co, 4
to 20 at.s of Pt, and 3 to 30 at.% of Cr.

Further improvement of He and the signal—to—noise
ratio can be achieved by the use of the magnetic CoPtCr
alloy film which includes 64 to 84 at.% of Co, 5 to 18
at.s of Pt, andl5 to 25 at.% of Cr.

When the magnetic layer is composed of the CoPtTa
alloy (Examples 71 through 84), a high Hc and a high
signal-to-noise ratio can be’ achieved by inclusion of 80
to 90 at.% of Co, 5 to 15 at.% of Pt, and 1 to 7 at. of
Ta.

When the magnetic film is composed of the
CoPtCrTa alloy (Examples 85 through 88), a high Hc and a
high signal-to-noise ratio'can be achieved by inclusion
of 70 to 80 at.% of Co, 5 to 15 at.% of Pt, 5 to 25 at.s
of Cr, and 1 to 7'at.$ of Ta. | o .

According to the results of the tests conducted
by the present inventors, Examples enumerated in Tables 4
through 7 were found to be improved in over-writing |
properties. |

In the method of manufacturing magnetic recording
'media according to the present invention, the underlying

layer and the nonmagnetic'intermediate-films contacted



at.% ef Mo with the underlying M layer including 5 to 10 at.%of M. In
addi tion, the nost preferable conbination for inproving the '

signal -to-noise ratio has been found to be a conbination of the underlying
CrM layer including 5 to 10 at. % of M w th the-nonmagnetic- internedi ate
CM filmincluding 5 to 10 at.% of M. 50 Exanpl es 71 t hrough 88
Exanpl es 71 through 80 were simlar in structure to Exanple 25 except that
t he conposition of the nmagnetic film3, the conposition of the underlying
Cr M |ayer 2cwithndhiehfagherds HidisOicdntaim Mg dhiparitieseaidt e O M
film4 were nodified i n Exanples 71 through 80, as showmn in Table 7.

Li kewi se, Exacphtamdhanitsoand,dasvar cedulitr enablier dmprowement2ofi the ew of
the fact that the conposition and.the material of the magnetic film3, the
conposi tion wRgnesignpaeopeirtdes,Msuchyas he moercivecfopoeit tbe of

46  the nonmagnetic internediate CMo film4 were varied in Exanples. 81
to 88, as shok@pPredughien7output, andridengdsseilcteredsgcratdong B

Exanples 71 to 88 were tested and neasured_|liKke in the other exanples
addition, the properties for the magnetic recording media

can further be improved by'reducing distribution of the

difference (d -.d y) between the crystal lattice

(002) (110
distances described in the above.



ngnti oded above. The test results and the neasurement results of Exanples
71 to 88 are shown in Table 7 nad have been found to be inproved.

It is noted that, in Table 4, the difference d[err] - obtai ned by
subtracting the crystal lattice distance of the (110) planes in the
underlying CrM layer 2c fromthe crystal lattice distance of -the (002)
pl anes in the magnetic CoPtCr film3 was sgual to the difference dlerr] -
d[err] obtained by subtracting the crystal lattice distance of the (110)
pl anes in the nonmagnetic internediate CrMo film4 fromthe crystal

| attice distance of the (002) planes in the magnetic CoPtCr filmb5. This
I s because the underlying | ayer 2c, the nonmagnetic internediate film4,
t he magneti c fIWHAT3 IS OTAXMED @mnetic film5 were deposited within the
same conditions. Taking this into consideration, Table 7 shows the only
one of two val ues obt ailred & dtethed o mapnfacturing a magpetiq, (]

recording medium by using a sputtering apparatus of an in-
line type, said magnetic recording medium comprising a
~substrate, an underlying layer on said substrate, and a
magnetic layer which is deﬁdsiped on said ﬁnderlying
layer and which has.a first magnetic £ilm including Co
'and Pt, a nonmagnetic interﬁediate film including Cr, and
a second magnetic film 1néluding Co and Pt, said
underlying layer comprising a surface film brought into
contact with said magnetic layer, said method comprising
the step of:

depositing at least one of the surface film and j
‘the nonmagnetic film at a low power range betwéen 100 and:
1000 watts, both inclusive, within said sputtering
apparatus of the in-line type. |

2. A method as claimed in claim i, Qherein said
low power range falls withiﬂ.a range between 300 and fOO
watts. | | |

3. A method as claimed in claim 1, whe?éin at
least one of the surface film and the nonmagneilc'film is
deposited at a deposition fate between 150 and 1500
angstroms/min.

4, _A'method as claiﬁed in élaim 3, wherein at

least one of the surface f£ilm and the nonmmagnetic film is

deposited at a deposition rate between 450 and 1000

* = L M S *

angstroms/min.



[ ,48 ¢ 49 As is apparent from
Table 7, a high Hc and a high signal-to-noise ratio can be achi eved when
the underlying layer 2c and the nonnmagnetic internediate film4 are each
conposed of the CrM alloy including 5 to 10 at.% of Mo and the magnetic
filmis conposed of the CoPtCr alloy (Eyanples 71 through 80) including 60
to 90 at. % of Co, 4 to 20 at.% of Pt, and 3 to 30 at. % of Cr.

Further inprovenent of He and the signal-to-noise ratio can be achi eved by

the use of the magnetis, CoPtigthcd |4 didfhedi Gh dTRIMOIES WieioLB4Ré . % Of
Co, 5to 18 at.%of Pt, and 5 to 25 at.% of Cr. - When the magnetic

|l ayer is conpGisithayndtic GoFin ais addmpoddik bW 05 allohrselctdd , £romigh He
and a high signal-to-noise ratio can be -achieved by inclusion of 80 to 90
at. % of Co, 5 gxoulp cdngbsfiny ofirah laXlny off .Gt cind Mo, an alloy \WErCr he
magnetic filmis conposed of the CoPtCrTa alloy (Exanples 85 through 88),
a high Hc and and W ghargd garalaXlond&Cr and ®awn be achi eved by incl usion

6. A method as claimed in claim 1, wherein at
least one of the first and the second magneiic films is
composed of an alloy selected from a g;oup consisting of
an alloy of CoPtCr, an alloy of CoPtTa, an alloy of
CoPtCrTa, COPtCrB, COPtCrNi. .

7. A method as claimed in claim 1, further
comprising the steps of:

depositing a protection ;ayer on saild magnetic
layer in the sputtering apparatus of the in-line type..

8. A method as claimed in cléim 7, wherein the
protection layer is formed by a selected one of Cr and an
alloy of Cr. | |

9. A method of manufacturing a magnetic
recording medium which has a first magnetic film

~including an alloy of CoPt, a nanmagnetic intermediate
film which includes Cr and which is deposited.on said
first magnetic film, and_ﬁ second magnetic film which
includes an alloy of CoPﬁ and which-is deposited on the
nonmagnetic film, said method comprising the step of:

preparing a sputiering apparatus of an in-line
type; and

“successively depositing,jwithin.the sputtefing
apparatus, the first magnetic film, the nonmagnetic f£ilm,

and the second magnetic film.

(g ||I||| IIIll ||I|I II lIII



of 70 t'o 80 at.%of Co, 5to 15 at.%of Pt, 5to 25 at.% of C, and 1 to 7

at. % of Ta.
the present in

found to be inproved in over-witing properties.

According to the results of the tests conducted by
ventors, Exanples enunerated in Tables 4 through 7 were

In the met hod of

manuf act uri ng magnetic recording nedia_aggording to the present invention,

t he underlyi ng

| ayer and the nonmagnetic internediate filns contacted

50 with the magnetic filnms contain less inpurities and -contamninants and,

as aresult, e
coercive force
addition, the
i mproved by re

nabl e i nprpve ' r (416, Bich th
, the [rgpdr)'odEﬁeotﬁoﬁg%ut“!@%nqﬁ%eH’s’?&'ﬁla#%nfgl-'no| se ?g%io.e

ﬁflféo@itfdsﬁ.s-iﬁ e JERHIR infadiRAAE 0 P B ng Apdand el be

ucing distribution of the “difference dlerr]” - d[err]

bet ween the cryst al Heddddifal B0 GRCKERP (hidHd dr&éﬁ‘ﬂ FHmfcture

having (002) planes remote from each other by a first
crystal lattice plane distancé d(002) while the |
nonmagnetic intermediate_film is specified by'a'bodY—
centered cubic (bcc) crystal gtructure having (110)
planes distant from each other by a second érystal._
lattice plane distance d(Ilo),.said'dépositioé gtep
comprising the step of: '

Successively forming the nonmégnetic intérmediate
film and the second magnetic film within said 1§w power
range such that a difference between. the first crystal
lattice plane distance d(602) and the second crysta;_

lattice plane distance d falls within a range

(110)

between 0.002 and 0.032 angstrom.

11. A method as claimed in clﬁim 10, wherein the
difference is present within a range-between 0.014 and
0.030 angstrom. _ |

12. A method as claimed in claim-lo, said
magnetic layer further comprising‘an additionél'
nonmagnetic intermediate film on said secqnd magnetic
film and a third-magnetic film on said addiiional
nonmagnetic intermediate f£ilm, the aﬁditional ﬂonmagnetic
film comprising Cr and Mo and being specified by a body-
centered cubic (bcc) crystal-structuré having (110;
planes distant from each other by a secondicryStél

lattice plane distance d(llo).while the £hird magnetic

A

In



51 . “VWHAT IS CLAIMED I S: 1. A nethod of manufacturing a magnetic
recordi ng medi um by using a sputtering apparatus of an in- line type, said
magneti c recordi ng medi um conprising a substrate, an underlying layer on
said substrate, and a magnetic |ayer which is deposited on said underlying
| ayer and which has a first magnetic filmincluding Co and Pt, a
nonmagnetic internediate fil mincl uding 4 and a second magnetic film-
including Co and Pt, said wunderlying |layer conprising g surface film

Step o . ffﬁﬁé{amé“ri?ﬁéaég FBdoPtoRRtol o, RRSCAFARRbY! PrRaRASOAY
t 0

ol usi ve, Cw'tﬁi”ﬂgéaﬁacﬁﬁaf HEP RARLAT PR EtcH SPachRrend 0psg L blantd' "

2. A et hod a5, ghal ged. 10 GhahMhlno IOELANEELE chgULRTTart R phakeS

wi thin a range wWeen P3§78 ai red

5 S angh o Gt B b ihea ek A, 3 b eemone
angstromns/ mn. successively depositing the additional
nonmagnetic 1ntermediate film and the third magnetic f£ilm
in low power such that a difference between the first
crystal lattice plahe distance d(002) and the second
crystal lattice plane distance d 119y falls within a
range between 0.002'and 0.032 ahget:om, _
13. A method as claimed in c1aim;12,'whefein the
difference is preseni within a range between 0.014 and
0.030 engstrom. _ |
14. A method as claimed in ciaim 10, said
magnetic recording'medium further comprising a substrate
and an underlying layer which is deposited on said
substrate, sald underlying layer comprising-a surface
film which is brought ieto contact wiih said first
magnetic film.end which comprises Cr and Mo, seid_surface
film being specified by a body-centered cubic (bcc)
crystal structure having (110) planes distant from each
other by a third crystal lattice piane distance d(lldj'
said method comprising the step of: S
succeesively depositing the surface film and the
first magnetic film in low power such tﬁat'en additional
difference between ihe firs£ crystal lattice plane

distance d and the third crystal lattice plane

(002)

distance 4 falls within a range between 0.002 and

AR P |!I|

(110)-




4¢’A,néthod as cFaLned in cia+ﬁ+3m—mherein at | east one of the surface
ﬁsl gep05|ted at a deposition rate between
een eplace _

filmand the non

450 and 1000 angqﬂ 3 52

5. A nethod as cl ai u]HIHI “wherein the ' I's
conposed of an allo m a grayp co qHIS SHEED y of Cr
and Mo, an all oy of and V, and an al'déy of |Cr anREPLACE 6. A

met hod as clainmed in cIa|n11 wherein at | east e flfst and the
second nmagnet i kb nposed of an alloy selected froma group
consi sting of Eaé al ngétfsﬁb an alloy of CoPtTa, an alloy of

CoPt CrTa, CoPtCrB, CoPyEI N method as/c18iRBAN9H 23athanUBdvwhareia hb
further conprising the steps of: depositing a protectlon | ayer on

sai d magnetic abayeiohAl! Ae£EBvbheei ra1agPRLeha af rbhgel beltiveent YR@.14
8. A nethod as clainmed in claim?7, wherein the protection |ayer is forned

by a selected an@ 0{080 aagdteom.alloy of Cr. . 9. A nethod of
manuf acturi ng a magnetic :
16. A method as claimed in claim 10, said
underlying layer further comprising an underlying filﬁ
inte;posed between said substrate and said surface f£ilm,
the method comprising the step of:
| depositing, as said underlying film, a film of
metal having a body-centered cubic (bcc) crystal
structure.

17. A method as claimed in claim 16, wherein -
said metal is Cr.

18. A method as claimed in claim 10, wherein
sald depositing step'comprises the stepé_of;

preparing a substrate; N

heating the substrate to a temperature between
250°C and 425C; |

| introducing the magnetic layer into an argon gas

atmosphere'kept at a pressure between 0.5 and 10 mTorr;
and

carrying out spﬁttering to deposit the magnetic

layer.

B



retordi hg medi um which has a first magnetic film including an alloy of
CoPt, a nonmagnetic internediate filmwhich includes C and which is
deposited on said first nmagnetic film and a second nmagnetic filmwhich

i ncludes an alloy of CoPt and which is deposited on the nonmagnetic film

sai d nethod conprising the step of: 56 Preparing a sputtering
apparatus of an in-line type; and successively depositing, within
the sputtering apparatus, the first magnetic film the nonmagnetic film
and the second magnetic film 53

10. A method as nentioned in claiml1l, each of the first and the second
magnetic filns being specified by a hexagonal cl ose-patked (hcp) crystal

structure havi ) i yst al
attice ol ane. dMEIHOE Of MEARUEATURING ARG ETR: REGORDINGIEDIUG ) T
specified by a body- centered cubic (bcc) crystal structure having (110)
pl anes di stant from each other by a second crystal l|attice plane distance

d [err] Ay rERAEgosition step conprising the step of:

A method of manufacturing a maguoetic recording medium by using an in-line
sputtering apparatus (10) to successively form, on a substrate (1), at least one or more
underlying layer (2), and a magnetic CoPt-based film (3), a nonmagnetic film (4), and a
magnetic CoPt-based film (5). An underlying film (2c) and/or the nonmagnetié film (4),
which are contacted with the magnetic film, are deposited with low sputtering power between
100 and 1000 watts to improve magnetic properties of the magnetic recording medium. Low
power sputtering is also effective to improve a distribution of difference of the crystal lattice
idistances between the nonmagnetic intermediate film (4) and the magnetic film (3) and between
the underlying layer (2) and the magnetic film (3).

Fig. 4.



suiccessivel y*form ng the nonmagnetic intermediate filmand the second
magnetic filmwthin said | ow power range such that a difference between
the first crystal lattice plane distance d and the second crystal
(002) lattice plane distance d falls within a range

(110) between 0.002 and 0.032 angstrom, . 11. A nmethod as clained in
claim 10, wherein the difference is pré%ent within a range between 0.014
and 0.030 angstrom 12. A nethod as clainmed in claim10, said
magnetic | ayer further conprising an additional nonmagnetic internmediate
filmon said second magnetic filmand a third magnetic filmon said
additional nonmagnetic internediate film the additional nonmagnetic film
conprising & and Mo and being specified by a body- centered cubic (bcc)
crystal structure having (110) planes distant from each other by a second
crystal lattice plane distance d[err] while the third magnetic

54 filmconprises Co and Pt and E§I3E§Cifi d by a hexagonal cl ose-packed
(hcp) crystal structure having (00R) res Frenote H&Pn1each ot her by a

first crystal lattice plane 12 V/——
—
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S 18 1b5a1bb 15¢c \ 15e 1_59 ?
R . S S
— \ I 1] — ' H ] '

L~

A 7 = e e
/))})-7>}>)>(
14 19 16a16b 21 20 / 16d / 16f 22
16c 16e 16g

FIG. 2

R
OROR®
O 00




di stance d[err], said nmethod conprising the step of: successi vely
depositing the additional nonmagnetic intermediate filmand the third
magnetic film in |ow power such that a difference between the first
crystal lattice plane distance d[err] and the second crystal lattice plane
di stance d[err] falls within a range bet yeen 0.002 and 0.032 angstrom

13. A nethod as clained in claim 12, mhéreln the difference is present

wi thin a range between 0.014 and 0.030 angstrom 14. A nmethod as
claimed in claim10, said magnetic recording nediumfurther conprising a
substrate and an underlying layer which is deposited on said substrate,
said underlying |ayer conprising a surface filmwhich is brought into
contact with said first nagnetic filmand which conprises O and M, said
surface filmbeing specified by a body-centered cubic (bcc) crystal
structure having (110) planes di st om ggch other by a third crystal

| attice plane distance d[err] saiF?‘AE;Qd 2; sing the step of:
successively depositing the surface filmand the first magnetic filmin

| ow power such that an additional difference between the first crystal

| attice plane distance d[err] and thegg@hird crystal lattice plane

di stance d[err] falls within a range bet ween 0. 002 and

R \)/////
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- -55- Q. 032 angstrom 15. A method as clained in claim14, wherein the
additional difference falls within range between 0.014 and 0. 030 angstrom
16. A nmethod as clained in claim 10, said underlying |ayer further
conprising an underlying filminterposed between said substrate and said

surface film the method conprising the step of: depositing, as said
underlying film a filmof netal having343body-centered cubic (bcc)
crystal structure. 17. A method as clained in cl-aim 16, wherein said
metal is Cr. 18. A method as clained in claim10, wherein said
depositing step conprises the steps of: preparing a substrate,;

heating the substrate to a tenperature between 250[err] C and 425C,

i ntroducing the nagnetic |ayer into an argon gas atnosphere kept at a
pressure between 0.5 and 10 nmiforr; and carrying out sputtering to
deposit the magnetic |ayer. 19. A nmethod of manufacturing a nmagnetic
recordi ng nedium by using a sputtering apparatus of an in-line type, said
magneti c recordi ng medi um conprising a substrate, an underlying |ayer on
said substrate, and a magnetic |ayer which is deposited on said underlying
| ayer and which has a first magnetic filmincluding Co and Pt, a
nonmagnetic internediate filmincluding C, and a second nagnetic film
including Co and Pt, said underlying |ayer conprising a surface film
brought into contact with said magnetic |ayer, said nethod conprising the

FIG. 4
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o[e‘bosi--t‘i ng at | east one of the surface filmand the nonmagnetic filmat a
sputtering power density between 0.9 and 10 Wcn2, both inclusiv - hi n
said sputtering apparatus of the in-line type. REPLACEMENT SHEET

- 55 - = G MAY 1997

0.032 angstrom.
- 15. A method as claimed in claim 14, wherein the additional difference falls
within range between 0.014 and 0.030 angstrom. |
- 16. A method as claimed in claim 10, said underlying layer further comprising an
underlying film interposed between said substrate and said surface film, the method
comprising the step of:
| depositing, as said underlying film, a film of metal having a body-centered cubic
(bec) crystal structure.
17. A method as claimed in claim 16, wherein said metal is Cr.
18. A method as claimed in claim 10, wherein said depositing step comprises the
steps of:
preparing a substrate;
heating the substrate to a temperature between 250°C and 425°C;
introducing the magnetic layer into an argon gas atmosphere kept at a pressure
between 0.5 and 10 mTorr; and
carrying out sputtering to deposit the magnetic layer.
19. A method of manufacturing a magnetic recording medium by using a
sputtering apparatus of an in-line type, said magnetic recording medium comprising a
-~ substrate, an underlying layer on said substrate, and a magnetic layer which is deposited
on said underlying layer and which has a first magnetic film including Co and Pt, a
nonmagnetic intermediate film including Cr, and a second magnetic film including Co
and Pt, said underlying layer comprising a surface film brought into contact with said
magnetic layer, said method comprising the step of:
depositing at least one of the surface film and the nonmagnetic film at a sputtering
power density between 0.9 and 10 W/cm2, both inclusive, within said sputtering'

apparatus of the in-line type.
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