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METHOD OF MANUFACTURING MAGNETIC RECORDING MEDIUM

Background of the Invention:

The present inﬁent;on rélateé 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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nonmagnetic layer of chromium (Cr) for the reduction of
noise during reproduction. More specifically, the
resultant medium is formed from a magnetic CoPt film, a
nonmagnetic Cr £ilm, and another magnetic CoPt film in
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 film, and magnetic CoPt film placed 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
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(1967), pages 205-207).

However, ﬁhe magnetic CoPt alloy layer makes
orientation along the C-axis bad when the underlayer used
is formed by chromium (Cr) alone. This is because the
lattice constant of the magnetic CoPt-based allof 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 orientation along the C-axis can be 1mproved for the
magnetic 1ayer in a £film interface or boundary 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.
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Another object of the present invention is to
provide a method of manufacturing a magnetic recording
medium which has good over-writing properties and which
can reduce noise.

It is yet another object of thé present invengion
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
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formed on the nonmagnetic layer.

The inventors' experimental studies have been
conducted to search for an optimum materiallwhich'is
suitable for the nonmagnetic layer and which_éan be
deposited by sputtering in low power within the in;lipe
apparatus. The studies indicated that Cr alloy as the
nonmagnetic layer can achieve a higher recording density
by the use of a relativeiy_thin film thickness wiih |
necessary coercilve force kept énd ihat thé resultant
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 alloy 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



L/

invention comprises the steps of successively depositing,
on a substrate, at least one or more underlying layers
and a magnetic layer of a CoPt-based alloy, a nonmagnetic
film of a Cr-based alloy, and a magnetic layer of CoPt-
based alloy. The method further comprises the-step of

depositing the underlying layer and/or non-magnetic film'

which are brought into contact mith.the magnetic layer at

a low power range between 100 and 1000 watts.

Furthermore, the present inventors have

experimented with various magnetic recording media. 1In a

magnetic recording medium having two or more magnetic
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 tne'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 coercive

force and the over-writing properties. This serves to
reduce 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-'
underlying nonmagnetic Cr alloj layer deposited Jjust
beneath that magnetic'layer; when an alloy based on Cr
and Mo is used for tne nonmagnetic intermediate layer

separating the magnetic layer.
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In the course of the examinations of the present
inventors, it has been confirmed by a transmission
electron microscope that addition of a different metai
(e.g., Mo) to the underlying Cr layer causes various
particle sizes of crystal§ to grow and deteriorates
formation of crystals. More spécifically, growth of ﬁhe
magnetic CoPt-based alloy layer (such as cbpﬁc:),
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
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(110) planes of the underlying Cr alloy (the combination
of Cr and the different metal added thereto) film which
provides an uppermost layer or.surface of the underlying
layer. 1In other words, the coercive force and an angle
ratio can be improved with the ﬁoise of'ihe medium
reduced, by means of decreasing the difference betweeh
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
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wﬁich essentially comprises Co and Pt and a nonmagnetic
intermediate film which is interposed betwgen the first
and the second magnetic films and which essentially
comprises Cr ahd Mo. Each of_tﬁe first and the second
magnetic films is specified by a hexagonal'élose—packed'
{hcp) crystal structure haviﬁg (002) planes-remote frém
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 bflan ihfline 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
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present invention.

Description of Preferred Embddiments:

-The present invention will.be described in detail
hereinunder.

A magnetic recording medium according to a first
embodiment of the present invention is manufactured bf
using an in-line sputtering apparatﬁs ;0 illustrated in
Fig. 1. | |

The in;line sputtering apparatus 10 comprises a
pallet lpad chamber (lqadlock chaﬁbef).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 suﬁstrate. 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 léﬁ through 16g

partially surround the targets 15a through 15g to avoid

any adverse influence of plasma generated from the

adjacent targets.
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A d.c. magnetron method is used for the
sputtering, and the §ptimum sputtering condition is
achieved by controlling the magnetic field by the use of
magnetron cathodes'of plate shapes which have
eiectromagnets. |

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
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‘illustrated in Fig. 1. It is apparent that the present

invention can-also be.applied to any in-line Sputtéring
apparatus (such as an_in-line sputtering apparatus of
other types for magnetic disks or in-line éputterihg
apparatus for magnetic tapes) ﬁhich have elements, such
as the pallets and the shield piates,_which are adjacént
to the targets and which act as impurity sources.

In the present invéntion, a magnetic fecording
medium is manufactured by suécessively_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 abové-
mentioned in-line sputtering apparatus. .

The substrate used may be, for example, a glass
substrate, a crystallized é;ass substraie, a surfadé-
reinforced glass substrate,lan aluminum sﬁbstrate, an
aluminum alloy substrate, a ceramic substrate, a plastic
substrate, an Si substrate, a Ti substfate; or a cérbon-
substrate.

In the present invention, one or more underlying
layers are deposited on the above-mgntioned-substraié
with the in-line sputtering apparatus.

In this event, the underiying layer (the
uppermost layer or the surface of the underlyihg layerj
to be brought into contact'with the'maghetic 1ayer is
required to be deposited at a low sputtering power. The
reason will be described hereinunder. Wheh the

underlying layer to be brought into contact with the
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magnetic layer is deposited in low sputtering power, the

particles emitted from the targets 15 during sputtering

reach the substrate straightforwards in-a_high

probability without being scattered and are decreased in
number as compared with the case where sputtering is

carried out in high sputtering power. Accordingly, éuch

_low power sputtering makes it possible to reduce an

amount of impurities, such as H,0, 0,, and/or Né, which
are attached to the shield plate 16 and/or the péllet 18
and which are sputtered by the particles emiitgd from the
targets to be directed to the underlying 1ayer;' The -
resultant underlyiné film includes a small amount of the
impurities and haé thefefore excellent prdperties{ This
ensures favorabie crystal growth of the magnetic film
formed on the undérlying layer énd acéomplishes improved
magnetic properties, such as the coerc;ve force.

The crystal growth of the magnetic ;ayer becomes
bad if the underlying layer contacted with the mégnetic
layer is deposited in thé.sputtering péwér lower than ;OO
watts. On the other hand, the sputtering éower'which.ig
higher than 1000 watts brings about detetioratiqn of the
magnetic properties due to mixture of'impu:iﬁy gases into
the underlying layer. The sputtering pdwer is thus.. .
preferably selected within the range_between 100 and 1000
watts. More preférably,'the sputtering power may fall
within a range from 300 t6 700Twatts. 'A sputtering
current density is preferably selected within the range

2

from 0.9 to 10 W/cm™ for the same reason.
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As the sputtering power becomes low, the
sputtering rate (deposition rate) becomes slow in
proportion to the sputtering power. It might thus be
considered that the sputtering rate also cohtributes to
the improvement of the film properties or performance 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, -
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Of these alloys, CrMo, CrV, CrMoZr, and CrTa alléys are
very preferable because remarkable imprdvement of
magnetic properties. The content of.elements other than
Cr in the Cr-based alloy is typically around 10 at;%,
taking into consideration the coherency of the mégnetic
layer lattice distance. |

The underlying layer may consist of two or more
layers or films and-wiil be collectively called an
underlying lamina hereinunder. . For eXaﬁp;e, a @r 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'
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nonmagnetic film thus has a Qood film performance. This
enables not only favorable crystal growth of the magnetic
film formed on the nonmagnetic film but also improvement
of magnetic properties, such as the coercive force.
As.mentioned'in conjunction with the underlying
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. More preferably, the sputtering power

; falls within the range from 300 to 700 watts. A

sputtering current density 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.
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The nonmagnetic f£ilm of the alloy based on Cr may
have a film thickness betwgen 10 and 100 angstroﬁs, |
taking into consideration the magnetic properties of-the
resultant magnetic recordihg medium.

Such alloys based on Cr may be, for exémple,'l
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 frém 0.06 to 0.2 from thé_
viewpointé of improving the coercive force,_redﬁcing-tﬁe
noise,-and reducing costs.

Any other éomponents‘may be contained in addition
to Co and Pt in the magnetic¢ layer. For.example, the
magnetic 1ayer 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
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may be formed by a CoPtCr alloy, a CoPtTa'alioy, a
CoPtCrB alloy, a CoPtCrTa alloy, or a CoPtCrNi alioy.

Each of the magnetie'films separated by the
nonmagnetic film may be formed either by the same
material or a different material 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 oﬁ 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 protection 1ayer may be
deposited successively along with other layers,_such as
the magnetic laye;, by the'use_of the in—line 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,

A

tetraalkoxysilane which is diluted with an alcoholic :
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solvent is coated on the above-mentioned proteciion layer
and is fired to form a silicon oxide (10,) f£ilm which
serves as another prqtectibh layer.

With this struciure, the Cr iayér or the like
provides both shock fesistance and chemiqal,protection,

while the Si10, layer provides both wear resistance and

2
corrosion resistance.

The lubricant layer is fprmed on the pfdtection
layer so as-to redﬁce friciional resisﬂance between the
magnetic head and a surface of the re§u1£ant medium. The
lubricant layer may typically-be applied in the fol;qung
manner. A liquid lubricﬁntlﬁf, for_example, perfluoro- .
polyether (PFPE) is prepared and'dilutéd with, for
example, a freon-based solvent. Thereafter, the
resultant lubricant is appligd'on the p:otebtion layer by '
the use of dipping, spin coating, or sprayiﬁg technique.
The coated f£ilm may be heated. o

The present invention will be described more inl
detail below in conjunctidn'ﬁith_a set sf exampleszand
comparative examples, taking_thg above'intofacéount.
Herein, it is to be noted Lh&t Examples exémplify the
magnetic recording medium.according to thé above-
mentioned embodiment. | |

Example 1 _

As shown in Fig. 4, ﬁxample 1 has a.glaés
subsprate 1 and an unde:lying lamina 2 on the glass -
substrate 1. On the underlying lamina 2, a first

magnetic film 3, a noﬂmagnetic'film 4, a second magnéetic
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film 5, and a protection layer 6 are successively
deposited in this order. In addition, a lubricant layer

7 is coated on the protection layef's. The illustrated

magnetic disk is manufactured through the fqllowing-

steps.

As mentioned before, the magnetic disk-can reduce
noise by interposing the nonmagnetic film 4 between the
magnetic CoPt-based fiims 3 and 5 and exhibits hiéh
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 ﬁeéted by a

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



P

21

18 is transferred or transported at a transfer speed_of
50 cm/min. and allowed to pass between the opposing pairs
of the targets 15a and 15b which are kept in discharge
states. The targets are aiigned along a transfer
direction of the pallet and are successively ér;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
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of 50 angstroms thick in this order.

The CrMo target 15c was composed of 98 ai.% Cr
and 2 at.% Mo, while the CrMo target 15e was composed of
95 at.% Cr and 5% Mo. 1In addition, the CrMo targets 15¢
ahd 15e ﬁere sputtered in the power of 500 watts.

The CoPtCr targets 154 and 15f were composed of
78 at.% Co, 11 at.% 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
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subtracting a crystal lattice distance of BCC(110) planes
in the nonmagnetic film 4 of a material based on ci and
Mo from a crystal lattice distance of HCP(002) pianes:in
the second magnetic film 5. As enﬁmerated.in Table 1,

the distance is shorter than 0.030 angstrom.

Comparative Example 1

Compa;ative Exampie 1 wés prepared by
manufacturing a m#gnetic disk in a manner similar to that
of Example 1. However, Comparative Exémpié 1 was.
manufactured by supplying both CrMo targété 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
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targets 15¢ and 15e with the sputtering power of 50 watts
and 1500 watts, respectively. |

Examples 5 through 7

Examples 5 through 7 were manufactured by the use
of the CrMozr targets (Cr 90 at.%, Mo 8 at.%, and 2r 2

at.s) (Example 5), CrV targets (Cr 95 at.%, and V 5 at.%)

-(Example 6), and CrTa targéis,(Cr 95 at.%, and Ta 5 at.%)

(Example 7). Such targets were used in place of the CrMo
targets 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 compased 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_shbwn 15 Table 1.

Examples 12 through 18

Examples 12 through 18 were manufactured in a
manner which was aimilar to that of Example 1 except that
the targets were usad_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.
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TABLE 1

. S/N dcoo2>—
Hc |Mred ratio | dcrio> - NOIE

Example 1 | 1900 | 0.97 |33.7 |0.030

Compara-— : - : '
tive 1950 | 1.00 | 29.5 Sputtering Power 2000 watts
Example 1 ‘ _ :

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

Example 2

Compara- , . R
tive 1900 | 0.95 | 27.8 Sputtering Power 50 watts
Example 3 S ' -

Example 2 | 1900 | 0.97 |33.4 | 0.020 | Sputtering 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

Example 10 | 1900 .97 | 33.9 |0.006 Cr 80, Mo 20

Example 11 | 1730 .92 | 32.3 |0.002 Cr 60, Mo 40

Example 12 | 1880 .10 |32.7 |0.031 . |Co 85, Pt 10, Cr 5

Example 13 | 2130 .90 |33.1 }0.021 Co 74, Pt 15, Cr 11

Example 14 | 2130 .68 |34.3 |0.018 Co 71, Pt 12, Cr 17

Example 15 | 2100 .63 {35.6 |0.028 Co 68, Pt 8, Cr 18, Ta 6

Example 16 | 2020 | 0.91 | 35.1 |0.027 |Co 72, Pt 10, Cr 14, Ta 4

Example 17 | 1850 .15 | 32.4 |0.029 Co 88, Pt 10, Ta 2

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

Example 18 | 1910

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

[Units: Hc (0e), Mre & (mem/ca’), S/N ratio (dB)]
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As is apparent from Table 1, COmpa;ative
Example 1 exhibited a low signal-to-noise ratio and
caused a large medium noise to occur. This is because
the nonmagnetic £ilm is depbsited ;n high quttering
power. .

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.
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TABLE 2
. S/N dcooz>—

Hc |Mre & ratio | dciao> NOTE
Compara— - _
tive 1900 | 0.95 | 27.8 Sputtering Power Density
Example 5 | - 0.5
Example 19 {1900 | 0.96 | 30.5 | 0.029 Sputtering Power Density

.- 1.0 T
Example 20 | 1900 0.97 |33.7 |0.030 Sputtering Power Density
5.0

Example 21 | 2000 | 0.95 | 32.9 | 0.030 Sputtering Power Density 10
Compara- 1
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 shown in Table 3 on sputtering the

CxMo targets 15¢ and l5e. .

Such a change of the

deposition rates can be accomplished by varying the

sputtering power given to the CrMo targets 15c and 15e.

The magnetic properties have been shown in Table 3.

TABLE{3
. S/N dcoo=>— '
Hc |Mr- o ratio | dcaio> NOTE
mg“;"e 1900 | 0.95 |28.1 1{ Sputtering 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 | 1750 | 0.80 | 27.9 Sputtering Rate 1600

[Unit: Sputtering Rate (angstrom/min.)]
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TABLE 3A

Differences of Crystal Lattice Distance
(d(go2) -~ 9¢110))

Underlying Layer/
1st Magnetic Film

Nonmagnetic Film/
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
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As are apparent from Tables 2 and 3, Examples 19
through 24 and Comparative Examples 5 through 8 show that
the coercive force, the product of residual magnetization
and film thickness, and the signal-to-noise ratio can be
adjusted to preferable values by means of chahging the
sputtering power density and the sputtering rate. In.all
of Examples above, it is to be noted that-differehces
(6(002) - d(llO)) between crystal lattice-distances 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 thap d(002)
represents a first crystal lattice plane distance of
(002) planes of a hexagonal close-packed (hcp) crystal
structufe in the second magnetic film 5 of Co and Pt
while d(llO)) represents a second cryspal lattice plane
distance of (110) planes in-the nonmaénetic 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)
shown in the second column of Table 3A. As

4110’
- readily understood from Table 3A, the second differences
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(d(002) - d(llO)) between the underlying laye;_Zc and
the first magnetic film of each of Examples 1 through
24 exist within a range between 0.002 and 07032 angstrom
like the first differences (d(OOZ) - d(llo)).between
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
(6(002) - d(llo)) fall within the range bgtween 0.002 énd
0.032 angstrom. In other words, the low power sputtering
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 (d )) uniform in planes and is

(002) ~ 9(110
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
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composed of aluminosilicate Qlass and is precisely
polished to provide mirror surfaces which have a surface
roughness (Ra) of about 50 angstroms. -

The underlying lamina 2 is composed of a thin Al
£ilm 2a of 50 angstroms thick, a thin Cr film 2b of 600
angstroms thick, and thin CrMo film 2c of 50 angstromé
thick. The thin CrMo film zé_cpmprises Cr 98 at.% and Mo
2 at.%.

The firgt 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 nonmaénetic.
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 domposed of a siiicon'oxide film of
160 angstroms thick and has hard.finé particles dispersed
therein. This second prdtection film 6b providéé wear

resistance.
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The lubricant layer 7 is composed of perfluoro-
polyether so as to mitigate a contact shock with a
magnetic head. |

. A method of manufacturing the above-mentioned
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
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with 300 watts and 1.0 kilowatts, respectively, during
sputtering.

Next, the pallet 18 is transferred to the second
vacuum chamber 12b through the partition wall 21. 'The
pallet 18 is heated again with a heater 20 located within
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 film 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.
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After completion of deposition through
sputtering, the first protection layer 6a and the second
protection layer 6b are formed in a manner mentioned
before.

Finally, the lubricant layer 7 is formed on
the second protection layer 6b like in the first
embodiment.

The magnetic disk so obtained 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,

- d

differences (4 )) are also shown which are

(002) (110
obtained by subtracting.the crystal'lattice'distanée 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
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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
magnetic CoPtCr f£ilm 5. |

It is noted that ﬁhe differences (d(002)
d(llO)) obtained from the underlying CrMo layer 2c¢ and
the magnetic CoPtCr film 3 were identical wiﬁh_the

differences (d )) obtained from‘the

(002) ~ %(110
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.nonsideration,
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 uzn.
In addition, noise spectrum of the magnetic disk was -
measured during signal recording and reproduction on
this magnetic disk by a spectrum analyzer which had n

carrler frequency and a méasuring bandwidth set to 13.5

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



36

above~mentioned measurements had a recording track width
of 4.2 £ m, a reproduction ﬁrack width of 3.5 um, a
recording _ _

gap length of 0.43 g m, and é reproduction gap length of
0.31 £ m.

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
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signal-to-noise ratio were also measured in conneétion
with Examples 26 through 53. The signal—to-noise ratio
was measured in the same manner as in Example 25.' All pf
the test results are shown in Tables 4 and 5. |
Furthermore, Tables'4 and 5 also show the

compositions and the f£ilm 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 Crﬁo'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.
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TABLE 4-1
Magnetic | | . | Nonmagnetic
Layer Underlying Egggglgzréng ?ﬁgarﬁggﬁge Intermediate
Exam- | Composition Layer 2c Film Laver 4 Layer 4
ples (at.%) Composition Thickness | C OY sition Film g
120 angstroms (at.%) ( trom) m;()gt %) Thickness
x two layers Angs 77| (Angstrom)
25 CoT78Pt11Cril Cr98Mo2 50 Cr98Mo2- 50
26 ” ” 100 " ”
27 ” ” " B0 ” - ”
28 ” ” ” ” ”
29 ” Cr95Mo5 50 Cr95Mo5 - 50
30 ” ” . 100 - ”
31 14 ” 20 ” ”
32 ” ” 50 ” 20
33 27” ” ” ” 50
34 ” ” ” ” ”
35 ” Cr90Mol0 50 - Cr90Mol0 50
36 » ” 100 » ”
37 ” ” 20 ” 'Il
38 ” ” 50 ” 20
39 ” ” ” ” 50
40 ” ” ” ” ”
41 ” Cr85Mol15 50 Cr85Mo15 50
42 -” ” 100 » ”




TABLE 4-2
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B Subs'grate Ar Gas Mr & N Batio | a q

B R | o 09 | (| 05 G

25 375 1.3 1950 | 0.97 | 35.7 +0.029
26 " ” 2000 | 0.94 | 35.9 +0.028
27 300 " 1850 | 0.95 35.0 - +0.032.
28 375 5.0 1900 | 0.96 | 35.3 +0.032
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 +0.02T
32 ” ” 2000 | 1.00 | 37.1 +0.026
33 | 300 " 1950 | 0:96 | 36.3 " +0.029
34 375 5.0 1950 | 0.97 36.3 +0.030
35 375 1.3 2000 | 1.0 36.7 .+0.015°
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 | 35.5° | +0.007

. 42 " " 2000 .| 1.02 35.6 ~ +0.008
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TABLE 5-1

Mnggitm Underlying Eﬁzlszréng II‘ant emagmedm :;g e l}]ntermeg}iz;ge
Exam- | Composition Layer gc. Film Layer 4 Layer 4
ples (at.%) Composrcl'on Thickness | Composition F1}m
120 angstroms (at.%®) (Angstrom) (at.%). Thickness
x two layers : (Angstrom)
43 Co78Pt11Crl1l Cr85Mol5 20 Cr85Mol5 -50
44 ” ” 50 » - 20
45 “ ” ” ” 50
46 ” ” ” ” ) ”
47 ” Cr80Mo20 50 Cr80Mo20 50
48 ” u v . v ”
49 ” ” o ” _ ”
50 ” Cr95Mo2Zr3 ” Cr95Mo2Zr3 ”
51 ” Cr92Mo6Zr2 ” Cr92Mo6Zr2 ”
52 ” Cr88MoBZr4 » | Cr88Mo8Zr4 ”
53 ” Cr83Mo12Zr5 ” Cr83Mo12Zr5 ”
TABLE 5-2
Subs1.:rate Ar Gas Me S . _
Exam— | Heating S/N Ratio | dcoo=z>-dca10>
ples ’i‘ﬂg?%a; lzzg.gf,ge He(Oe). é:g’;'u/ (dB) | (Angs.i_:rom)
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
47 375 1.3 - 1950 | 0.97 135.3 +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




41

As are apparent from Tables 4 and 5, Exaﬁples 25
through 49 with the underlying layer 2c and the
nonmagnetic intermed;ate £ilm 4 were composed'of CrMo
alloy and are excellent_in coercive'force (Hec), the
product (Mrd ) of residual magnetization and film
thickness, '
and the signal-to-noise rapio. Exampieé 59 through 53
which have the underlying layer 2c of CrMozr alioy and
the nonmagnetic}ihﬂérmediate film 4 of CrMoZr alloy
are also excellént in coerqive force (Hc),.the product
(Mrd ) of residual magnetizatibn and film thickness, and
the signal-to-noise ratio; 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 ratib. 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) - d(llbij which repéeéent
relationships of the crystal ;attiée 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 ch&nged in
dependency upon the composiﬂions of the underlYiﬁg layer
2c, the compositions of the nonmagnetic intermediate film
4, the substrate heating temperature, and ;he A£ gas

pressure.
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For example, Examples 25 through-53 to which a
small amount of'Mo are added are exceilent in the
signal-to-noise ratio. _ _

These results indicate that the content of Mo in
the CrMo alloy used in the underlying layerlzé and the
nonmagnetic inteimediate film 4 is preferably festriéted
within a range between 2 and 20 at.% and serves to
restrict the differences.(d(ooz) - d(llO)? to-the_
predetermined range mentioned abové. '

- 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 bompqsitioné 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-wére'carried 6ut in
connection with Examples 54 to 70 also. 'It has been
confirmed that Examples 54 to 70 have excellent
properties like the other examples ﬁentibnéd above, aé

shown in Table 6.
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TABLE 6-1

E:g:inc Underlying ggggﬁlszring ¥3m§aiaze Ilimgge
Exam- | Composition Layer gc Film Layer 4 - Lgyer 4
ples (at.%) - Composition Thickness | Composition Fl}m
120 angstroms (at.%) (Angstrom) (at.%) Thickness
x two layers (Angstrom)
.54 CoT78Pt11Cril Cr98Mo2 50 Cr98Mo2 50
55 ” ” “ Cr90Mo10 "
56 ” # ” Cr80Mo20 o
57 ” Cr95Mo5 ” Cr98Mo2 ”
58 ” ” # Cr90Mo10 #”
59 " - ” Cr85Mol15 ”
60 ” ” ” Cr80Mo20
61 ” Cr90Mo10 ” Cr9gMo2 ”
62 ” ” ” "~ Cr95Mob5 ”
63 #” ” ” ‘Cr85Mol5 L
64 ” ” ” Cr80Mo20 - ”
65 “ Cr85Mol5 ” Cr98Mo2 ”
66 ” ” ” Cr95Mo5 -
67 ” ” ” " Cr90Mo10 ”
68 ” Cr80Mo20 ” Cr95Mo5 - #
69 ” ” ” Cr90Mo10 ”
70 ” ” " Cr85Mol5 ”
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TABLE 6-2
Subst- dcooz>-dca10> | dcooz> —dca10>
rate (Angstrom) (Angstrom)
_ Heat- | Ar Gas Mr & S/N between First | between Second
Exam- | ing Pres- He (memu/ | Ratio Magnetic Magnetic .
ples | tem— sure (Oe) cm2) (dB) Layer 3 and Layer 5 and"
pera- | (mTorr) Underlying Nonmagnetic
ture Layer 2c Intermediate .
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 ” ” {11950 | 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
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As is apparent from Table 6, the coercive forcé
(Hc), the product (Mrd ) of residual magnetization and
film thickness, and the signal—to—noise'rétio were |
improved when the underlying CrMo layer 2c which includes
2 to 20 at.% of Mo is combined with the nonmagnetic
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. | -

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

of the underlying CrMo layer 26; and-;he_cdmpdsition_of



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 (4 )).obtained bj subtracting

(002) ~ d(110
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.
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TABLE 7-1
laver | Underying | Underlying | Nommmgnetic | 1ZiCRottl
Exam- | Composition Layer ?c. Film ate Layer 4 Lgyer 4
‘| ples 120(at.96) Composition Thickness | Composition Film
angstroms (at.%) (Angstrom) (at.%) Thickness
X two layers _ , | (Angstrom)
71 Co84Pt5Cr1l Cr95Mo5 50 same as 50
underlying
layer 2¢
72 ” - Cr90Mo10 - ” ” ”.
73 | CoT1Pt18Cril Cr95Mo5 ” . ”
74 ” Cr90Mo10 ” ” o
75 Co84Pt11Cr5 Cr95Mo5 4 o ”
- 76 ” Cr90Mo10 ” - ”. o
77 | Co74Pt11Cr15 Cr95Mo5 ” ” ”
78 ” Cr90Mo10 . ” ” -
79 | Cob4Pt11Cr25 Cr95Mo5 » ! ” ”
80 o Cro0Mo10 » ” ”
81 Co87Pt11Ta2 Cr95Mo5 ” ” .”
82 ” " Cr90Mo10 ” ” ”
83 Co84Pt11Tab5 Crd5Mo5 ” ” ”
84 » Cr90Mo10 - | ” ” ”
85 Co76Pt11Cr11Ta2 Cr95Mo5 ” ” ”
86 ” Cr90Mo10 ” '.' ”
87 CoT73Pt11Cr1iTab Cr95Mo5 ”. # ”
88 ” Cr90Mo10 - ” K ”
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TABLE 7-~2
Subs'grate Ar Gas Mr .

pios | Tomp | Pogsomo | o) | g/ | ¥y | g™
T 375 1.3 1850 | 1.09 35.5 +0.001
72 " " 1850 | 1.10 35.1 +0.003
73 " ” 2250 | 0.88 | 35.6 +0.032
74 " ” 2300 | 0.89 36.5 . | . -+0.24
75 ” ” 1900 | 1.09 35.8 +0.031
76 ” ” 1950 | 1.10 | 36.3 +0.022
T ” 2 2150 | 0.95 | '36.5 | - +0.020
78 " ” 2200 ‘| 0.94 35.6 +0.010
79 ” - 2300 | 0.82 35.9 +0.013 -
80 ” " 2350 | 0.82 |- 35.1 +0.003
81 ” ” 1900 | 1.10 | 34.3 | +0.028
82 u 1950 | 1.11 | . 34.9 . +0.020
83 " ” 1950 | 1.01 34.1 +0.032
84 ” ” 1950 | 1.10 | 34.8 +0.024
85 ” R4 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
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As is apparent from Table 7, a high Hc and a high
signal-to-noise ratio can be achieved when the underlying
layer 2c and the nonmaghetic_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 improvemgnt of He and the signal—tp—noise
ratio can be achieved by the use of the magnetic CdPtCr
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 lajer is composed of the CoPtTa
alloy (ﬁxamples 71 ihréugh'84); a high Hc and a ﬁigh
signal-to-noise ratio can be achieved by incldsion of 80
to 90 at.% of Co, 5 to 15 at.% of Pt, and 1 to 7 at. of
Ta.

When ;he magnetic film is composed of the
CoPtCrTa alloy (Examples 85 through 88), é high Hc and a
high signal-to-noise ratio'can be adhiéved by inc;usion
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 donduéted
by the present inventors, Examples enumérated in Tables 4
through 7 were found to be iﬁproved in over-writing |
properties. |
| In the method of mapufacturiné magnetic recordiné
'media according to the present invention, the underlfing

layer and the nonmagnetic'intermediate-films contacted
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with the magnetic films contain_iess impurities and
contaminanﬁs and, as a reéult,'eﬁable improvement of the
magnetic propgrties; éuch as_thé coerdive force, the
reproduction outéut, and the'signal-tq-noise ratio. In
addition, the properties for the ﬁagnetic recording media_
can furtherlbe improved by'reducing distributioh of the
difference (4 y05y = d(5;0y) betwéep the crystal lattice

distances described in the above.
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WHAT IS CLAIMED IS:

1. 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 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.
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5. A method as claimed in claim 1, wherein the
nenmagnetic film is composed ef_an alloy selected from a
group consisting of an allo& of Cr.and Mo, an alloy of Cr
and V, and an alloy of Cr and Ta.

6. A method as claimed in claim 1, wherein at
least one of the first and the second magnetic 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 layer on saild magnetic
layer in the sputtering apparatus of the in-line type..

8. A method as claimed in claim 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_a 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 sputteming
apparatus, the first magnetic film, the nonmagnetic f£ilm,

and the second magnetic film.

(g ||I||| IIIll ||I|I II lIII
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10. A method as mentioned in claim 1, each of
the first and the second magnetic films béing specified
by a hexagonal close-packed (hcp) crystal strﬁcture
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 second. crystal

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

A
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_ {
£film comprises Co and Pt and is specified by a hexagonal

close-packed (hcp) crystal structure having (002) planes
remote from each other by a firs; crystal lattice plane

distance d said method comprising the step of:

(002) "’ _

successively depositing the additional
nonmagnetic 1ntermédiate film and the thiid 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 ahgét:om, _

13. A method as claimed in c1aim;12,'whefein the
difference is preseni within a range between 0.014 and
0.030 éngstrom. _ |

14. A method as claimed in ciaim 10, said
magnetic recording'médium further comprising a substrate
and an underlying layer which is deposited on said
substrate, sald underlying layer comprising-a surface
film which is brought iﬁto contact wiih said first
magnetic film.and which comprises Cr and Mo, séid_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 méthod comprising the step of: S

successively depositing the surface film and the
first magnetic film in low power such tﬁat'ﬁn additional
difference between ihe firs£ crystal lattice plane
distance d g0, and the third crystal lattice plane

distance 4 falls within a range between 0.002 and

(110). *
DR
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15. A method as claimed in claim 14, wherein the
additional difference falls within a range between 0.014
and 0.030 angstrom.

16. A method as claimed in claim 10,'sa1d
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.

.



