
METHOD OF MANUFACTURING MAGNETIC RECORDING MEDIUM 

Background of the Invention: 

The present invention relates to a method of 

(lr t"tP) 
(~ 

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 society in recent years has 

accelerated the 4evelopment ·of magnetic recording media 

of higher density with improved properties. Such 

technology has thus been more and more important. 

In particular, a thinner recqrding 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 meeting 

such requirements consists of a magnetic layer 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 spec.if ically, . the 

resultant medium is formed from a magnetic CoPt film, a 

nonmagnetic Cr film, and another magnetic CoPt film in 

this order. It is also known that an underlying layer of 

Cr provides a favorable 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 

properti~s for a r~cording medium, such as coercive 

force, a reproduction output (product of residu~l 

magnetization and film 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 the above-mentioned 

structure is liable to reduction in coercive force as 

compared with a single magnetic recording layer 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 have a 

magnetic layer of CoNiCr alloy or CoCrTa alloy (see.' for 

example, IEEE Transaction on Magnetics vol. MAG-3, No. 3 
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(1967), pages 205-207). 

However, the 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 alloy layer 

is larger than the crystalline lattice constant of the 

conventional magnetic layer of the CoNiCr alloy· or the 

CoCrTa alloy. As a result, the magnet~c CoPt-based layer 

is not completely matched in atomic alignment ~1th the 

underlying layer of the single component 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 to add a second or different metal 

to the Cr 1underlayer to improve the lattice constant. 

The orientation along the c-axis can be improved for the 

magnetic layer in a film interface or boundary by means 

of changing the lattice constant of the alloy underlayer 

by addition of the different metal to the Cr alloy. 

The present inventors have found, as a result of 

detailed considerati~n, that .the resultant recording 

medium has a significantly larger noise as a result of 

the addition of the different metal to the underlying Cr 

layer. 

Summary of the Invention:· 

An object of the present inv~ntion 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-noise ratio. 
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Another object. of t.he present. invent.ion is t.o 

provide a met.hod of manufacturing a magnetic recording 

medium which has good over-writing properties and which 

can reduce noise. 

It. is yet. another object of the present. invent.ion 

t.o 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 nonmagnetic intermediate layer. 

In order t.o achieve t.he above-mentioned objects, 

the present inventors hav:e made a great. number of 

studies. As a result, it was found that. t.he coercive 

force and the signal-to-noise ratio are deteriorated· due 

to the cont.amination of u2o, o2 , 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 noilmagnetic 

Cr layer when an in-line sputtering apparatus is used. 

In addition, it was also found that. use.oft.he in-line 

sputtering apparatus deteriorates the film performance of 

the nonmagnetic layer, and in turn deteriorates the film 

performance of t.he magnetic CoPt. layer formed on the 

nonmagnetic layer. 

Further studies showed that impurities can be 

reduced in t.he nonmagnetic layer when the in-line 

sputtering apparatus is driven in.low power. This shows 

that the resultant nonmagnetic layer has good film 

performance, which improves the magnetic CoPt. laye~ 
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formed on the nonmagnetic layer. 

The inventors' experimental .studies have been 

conducted to search for an optimum material which is 

suitable for the nonmagnetic layer and which can be 

deposited by sputtering in low power within the in-line 

apparatus. The studies indicated that Cr alloy as the 

nonmagnetic layer can achieve a higher ·recording density 

by the use of a relatively thin film thickness with 

necessary coercive force kept and that the resultant 

magnetic recording medium has superior properties 

including a superior coercive force and signal-to-noise 

ratio. In other. words, it was found that when the 

nonmagnetic film of th_e ·Cr alloy is continuous·ly 

deposited along with the magnetic films on both sides. 

thereof within the in-line sputtering apparatus, the 

resultant nonmagnetic Cr alloy film has a better film 

performance and serves to ·form a magnetic· recording 

medium having superior properties such as the coercive 
. . 

force. In brief, it was found that the combination of 

the nonmagnetic Cr alloy film and the in-line sputtering 

makes it possible to manufacture a magnetic recording 

medium having superior properties. 

This applies to the relationship between the 

underlying Cr layer and the magnetic CoPt layer in 

contact with the underlying· layer. The present invention 

was thus completed. 

More specifically, a method of manufacturing· a 

magnetic recording medium according to the pr~sent 
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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 with.the magnetic layer at 

a low power range between 100 and 1000 watts. 

Furthermore, the present inventors have 

experimented with various magnetic recording media. In 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 film material and deposition 

conditions for the film formed between the 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 pf.the 

underlying nonmagnetic Cr alloy layer deposited just 

beneath that magnetic °layer, when.an alloy based on Cr 

-
and Mo is used for the 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 met.al 

(e.g., Mo) to the underlying ·er layer causes various 

particle sizes· of crystals to grow and deteriorates 

format.ion of crystals. More specifically, growth of the 

magnetic CoPt.-based alloy layer (such as CoPtCr), 

laminated on the underlying Cr alloy layer, is adversely 

affected by the particle.sizes and the non-uniformity of 

the crystals in the underlying layer. In other words, 

the non-uniformity of the particle sizes.of the crystals 

in the underlying layer results in nori-u~iformit.y of the 

crystals in the magnetic layer. It. ~as been confirmed 

that. such non-uniformity in the magnetic layer gives rise 

to an increase of ·noise in the magnetic r,cording medium. 

Considering the above, a second underlying film 

was laminated on an underlying layer or film which is 

formed by crystals.having uniform particle sizes and good 

crystallinit.y. In this case, the second underlying film 

was formed by a Cr alloy of.Cr and a different. met.al. 

The underlying layer of two films· was, however, not. 

enough for noise reduction of the medium_. 

With this respect, the present inventors.made 

further examinations and studies. It. was found tha~ the 

noise of the medium can be remarkably reduced by 

adjusting or controlling a difference be~ween a crystal 

lattice distance of the .(002) planes of the magnetic CoPt.­

based alloy layer and a cr~st.al lattice distance of .the 
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(110) planes of the underlying Cr alloy (the combination 

of Cr and the diffe~ent metal added thereto) film which 

provides an uppermost layer or surface of the underlying 

layer. In other words, the coercive· force and an angle 

ratio can be improved with the noise of ·the medium 

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 lattice 

distance of the ( 110) planes of ·the uppermost Cr alloy 

film. 

It is not necessarily optimum that there is no 

difference between the .crystal lattice distance of the 

(002) planes of the magnetic Co~t-based alloy layer and 

that of the (110) planes of the underlying Cr alloy film 

or the Cr alloy intermediate film. various experiment~ 

and examinations indicated that a small difference 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 crystal 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 1;.o another aspect of this invention, a 
-

method is for use in manufacturing a magnetic recording 

medium which includes. a magnetic layer. The magnetic 

layer comprises first and second magnetic films each of 
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which essentially comprises co· and Pt. and a nonmagnetic 

intermediate film whicJl, is interposed bet.ween the.first. 

and the second magnetic films and which essentially 

comprises Cr and Mo. Each of the firs~ and the second 

magnetic films is specified by a hexagonal.close~packed· 

(hep) crystal structure having (002) planes remote from 

each other by a first. crystal lattice plane distance 

d(002) while the nonmagnetic intermediate film is 

specified by a body-centered cubic (bcc).cryst.al 

structure having (110) planes dist.ant from each other by· 

a second crystal lattice plane distance d(llO)· ·The 

met.hod comprises the step. of succ_essi ve1y depositing ·the 

nonmagnetic intermediate film and the second magne:t_ic 

film in low power such that. a difference bet.ween the 

first. crystal lattice plane distance ·d(002) ·and the 

second crystal lattice plane d~st.ance d(llO) falls wit.bin 

a range bet.ween 0.002 and 0.032 angstrom. 

Brief Description of the Drawing: 

Fig. 1 is a plan view ~f an in-line sputtering 

apparatus for magnetic disks, which is used t.o achieve 

the method of manuf act.uring a magnetic recording medium 

according t.o the present inventi~n; 

Fig. 2 is a front.view of a pallet. on which glass 

substrates are placed; 

Figs. 3(a) and (b) are views·for use in 

describing stat.us around targets; and 

Fig. 4 is a schematic sectional view of a · 

magnetic recordin~ medium manufactured according.to the 
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present. invent.ion. 

Description of Preferred Embodiments: 

The present. invent.ion will be d~scribed in det.ail 

hereinunder. 

A magnetic recording medium according t.o a first. 

embodiment. of t.he present. invent.ion is manuf act.ured by 

using an in-line sput.t.ering apparat.u$ 10 illust.rat.ed in 

Fig. 1. 

The in-line sput.t.ering apparatus 10 comprises a 

pallet. load chamber (loadlock chamber) 11, a sput.t.ering 

chamber (vacuum chamber) 12, and a pallet. unload chamber 

(loadlock chamber) 13 all of which are connected in line 

wit.hone another t.~rough pa~t.it.ioningplat.es 14 and 21. 

Briefly st.at.ed, pallet.a are.fed from t.he pallet. load 

chamber 11 t.o t.he sput.t.ering chamber 12~ ~here· mult.ip·le 

layers are deposited successively on a subst.rat.e. The 

pallet.a are t.ransferred from t.he sput.t.ering chamber 12 t.o 

t.he pallet. unload chamber 13. This apparat.us :is of a 

loadlock t.ype and therefore carries out. cont.inuous 

operation wit.bout. exposing t.he sput.t.ering chamber 12 t.o 

t.he air. 

Target.a lSa through ~Sg of predetermined 

mat.erials are arranged in a predet.~rmined order wit.bin 

t.he sput.t.ering chamber 1·2 so as t.o manufact.ure t.he 

magnetic recording medium. Shield plat.es 16a t.hrough 16g 

partially surround t.he t.arget.s isa t.hrough lSg t.o avoid 

any adverse influence of plasma generat.ed from t.he 

adjacent. t.arget.s. 
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A d.c. magnetron method is used for the 

sputtering, and the optimum sputtering condition is 

achieved by controlling the magnetic field by the use of 

magnetron cathodes of plate shap'es which have 

electromagnets. 

As shown in Fig. 2, an upright self-standing 

pallet 18 which holds a plurali~y of substrates 17 is 

allowed to pass between the pairs of the targets lSa 

through lSg arranged on both side walls of the sputtering 

chamber 12. Th:l.s movement of the pallet 18 en.ables 

simultaneous deposition of each film on both sides of 

each substrate 17. 

Heaters 19 and 20 are_ provided for controlling 

the temperature of the substrate during the deposition. 

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 200°C or higher during 

sputtering. 

Properties of the Co alloy-based magnetic film 

deposited through the sputtering varies cc:>nsiderably_ · 

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 film, the Ar gas 

pressure upon sputtering preferably falls within a range 

between 1 x 10-3 and 1 x 10-2 Tor~. 

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 p~esent 

invention can also be applied to any in-line sputtering 

apparatus (such as an in-line sputtering apparatus of 

other types for magnetic disks or in-line sputtering 

apparatus for magnetic tapes) which have elements, such 

as the pallets and the shield plates, .which are adjacent 

to the targets and which act ~s impurity sources. 

In the present invention, a magnetic recording 

medium is manufactured by successively depositing, on the 

substrate, ·at least one or more 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 m~y be, for example, a glass 

substrate, a crystallized glass substrate, a surface­

reinforced glas$ substrate, an aluminum substrate, an 

aluminum alloy substrate, a ceramic subst.rate·, a plastic 

substrate, an Si substrat~, a Ti substrate; or a carbon. 

substrate. 

In the present invention, one or more underlying 

layers are deposited on the above-mentioned substrate 

with the in-line sputtering apparatus. 

In this event, the underlying layer (the 

uppermost layer or the surf ace of the underlying layer) 

to be brought into cont.act with the.magnetic.layer is 

required to be deposited at a low sputtering power~ The 

reason will be described hereinunder. When the 

underlying layer to be brought. into contact. with the 
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magnetic layer is deposited in low sput.t.ering power, t.he 

particles emit.t.ed from t.he t.arget.s 15 during sput.t.ering 

reach t.he subst.rat.e straight.forwards in a high 

probabilit.y wit.bout. being scat.t.ered and are decreased in 

number.as compared wit.ht.he case where sput.t.ering is 

carried out. in high sput.t.ering power. Accordingly, such 

.low power sput.t.ering makes it. possible t.o reduce an 

amount. of impurities, such as H2o, o2 , and/or N2 , which 

are attached to the shield plate 16 and/or t.he pallet. 18 

and which are sput.t.ered by t.he particles emit.t.ed from t.be 

t.arget.s t.o be directed t.o t.he underlying layer~ The-

result.ant. underlying film includes a small amount. of the 

impurities and has therefore excellent. properties. This 

ensures favorable crystal growth of t.be magnet.le film 

formed on t.he underlying lay~r and accomplishes improved 

magnetic properties, such as t.be coercive force. 

The crystal growth of t.he magnetic layer becomes 

bad if the underlying layer cont.acted wit.h the magnetic 

layer is deposited in t.be .sput.t.ering power lower t.han 100 

wat.t.s. On th~ ot.ber band, t.he sput.t.ering power.which is 

higher t.han 1000 wat.t.s brings about. det.eriorat.ion of t.he 

magnet.le properties due t.o mixture of .impurity gases int.a 

t.be underlying layer. The sput.t.ering power is t.hus 

preferably selected wit.bin t.he range bet.ween 100 and 1000 

watt.s. More preferably,· t.be ~put.t.ering power ·may fall 

wit.bin a range from 300 t.o 700 wat.t.s. A sput.t.ering 

current. density is preferably selected wit.bin t.he range 

from 0. 9 t.o 10 W/cm2 f()r t.he 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 th~s be 

considered that the sputtering rate also contributes to 

the improvement of the film properties or performance of 

the underlying layer. With this respect, the sputtering 

rate upon deposition of 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. 

Here!~,. the underlying layer contacted with the 

magnetic layer is preferably formed by an alloy based on 

Cr. This i.s because the alloy based on . Cr can obtain the 

coercive fo~ce which is required to achieve a high 

recording density with a relatively thin thickness. 

Therefore, such an underlying layer is not deteriorated 

in the magnetic properties, even when it is deposited 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 alloy~. 

containing, together with the above-mentione4 alloys, one 

or two selected from the group consisting of Zr, w, B, 

Nb, Ta, Fe, Ni, Re, Ce, Zn, P, Si, Ga, Bf, Al, and Ti. 



15 

Of these alloys, CrMo, CrV, CrMoZr, and CrTa alloys are 

very preferable because remarkable improvement. of 

magnetic properties. The content. of elements other t.han 

Cr int.he Cr-based alloy·is typically around 10 at..%, 

taking int.o consideration t.he coherency of t.he magnetic 

layer lat.t.ice distance. 

The underlying layer may consist. of t.wo or more 

layers or films and will be collectively call~d an 

underlying lamina hereinunder •. For example, a Cr layer 

may underlie t.he Cr-based alloy layer cont.acted wit.h t.he 

magnetic layer. Alt.ernat.ively, if a glass subst.rat.e is 

used, t.he underlying lamina may be composed of three 

layers successively formed on t.he glass subst.rat.e. 

Specifically, t.he underlying lamina may be composed of ani 

Al layer, a Cr layer, and a Cr-based alloy layer. 

In t.he present. invent.ion, t.he magnetic layer is 

formed on t.he above-mentioned underlying lamina wit.h t.he 

in-line sput.t.ering apparatus and may consist. of t.he 

magnetic CoPt.-basedfil~, t.he nonmagnetic Cr-based.film, 

and t.he magnetic CoPt.-based film. 

In t.his event., t.he nonmagnetic Cr-based film is 

deposited in low sput.t.ering power. This reason is 

similar t.o t.hat. mentioned in relation t.o t.he magnetic 

layer (magnetic film) and t.he underlying layer cont.acted 

wit.h t.he above-mentioned magnetic l~yer. More· 
-particularly, t.he· nonma_gnet.ic film is deposited in low 

sputtering power t.o reduce an amount. of impurities· 

undesirably mixed int.o t.he underlying layer_. The 

,· 
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nonmagnetic film thus has a good 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 conjunct:ion with the underlying 

layer, the crystal growth of .the nonmagnetic layer 

becomes bad if the nonmagnetic film is deposited in 

sputtering power lower than 100 watts. On the other 

hand, the sputtering power of higher than 1000 watts 

results in deterioration of .the magnetic propert.ies due 

to undesirable mixture of. impurity gases. The sputtering 

power is thus preferably selected within the range from 

100 to 1000 watts. M~re preferably, the sputtering power 

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

sputtering current density is preferably in _the range of 

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

Like in the underlying layer, it is preferable 

that the nonmagnetic film is deposited at a deposition 

rate between 150 and 1500 angstroms/min.·, more preferably 

between 450 and 1000 angstroms/min. 

The nonmagnetic film is preferably formed by an 

alloy based on Cr lik~ the underlying layer. This is 

because the alloy based on Cr enables ·the coercive forc.e 

which is required to achieve. a high recording de~sity 

with a relatively small film thickness. In addition, 

such a nonmagnetic film b.ased on an alloy ·.based on Cr 

never deteriorates ·the magnetic properties even when the 

deposition is conducted in low sputtering power. 
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The nonmagnetic film of the alloy based on Cr may 

have a film thickness between 10 and 100 angstroms, 

taking into consideration the magnetic properties of ·the 

resultant magnetic recording medium. 

Such alloys based on Cr may be, for example, 

alloys of CrMo, CrV, and CrTa arid the other alloys 

containing, together with the above-mentioned alloys, ·one 

or two selected from the group consisting of Zr, W, B, 

Nb, Ta, Fe, Ni, Re, Ce, Zn, ·p, Si, Ga, Hf I Al, and Ti. 

Of these alloys, ·crMQ, crv, -CrMoZr, and CrTa alloys are 

very preferable because of remarkable improvement of 

magnetic properties. The content of elements other than 

Cr in the Cr-based alloy is preferably determined 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 or greater 

than 70 (at.%) to provide sufficient coerci~e force. In 

addition, no limitation is imposed on the ~atio between 

Co and Pt. However, it is prefe·rable 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 component$_may be contained in addition 

to Co and Pt in the magnetic layer. For example, the 

magnetic layer may contain at least one element selected 

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

W, Pb, Re, V, and Zr. Specific~lly, the magnetic layer . 
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may be formed by a CoPtCr alloy, a CoPtTa alloy, a 

CoPtCrB alloy, a CoPtCrTa alloy, or a CoPtCrNi alloy. 

Each of the magnetic films separated ~y-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 may have a.plurality of 

magnetic films (e.g., five films) s_tructured by alterna­

tive lamination of the nonmagnetic and magnetic films. 

A protection layer a~d a lubrication ~ayer· are_ 

successively deposited on the.above-mentioned magnetic 

layer. 

The protection layer is fo.rmed on the magnetic 

layer for the purpose of protecting the magnetic layer 

from being destroyed due to contact operation of a 

magnetic head. 

As the protection layer, a Cr layer, a Cr alloy 

layer, a carbon layer, a zirconium layer, or a silica 

layer can be used. These pro_tection layer may be 

deposited successively along with other layers, such as 

the magnetic layer, by the use of the in-line sputtering 

apparatus. The protection·layer m~y have a· single-film 

structure,.or may have a plurality of films which may· be 

formed either by the same material or by different 

materials. 

Another protection layer may b.e stacked on· the· 

above-mentioned protection layer. For exampl~, 

tetraalkoxysilane which is diluted with an alcoholic 
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solvent. is coat.ed on the above-mentioned protect.ion layer 

and is fired.to form a silicon oxide (8i02) film which 

serves as another protect.ion layer. 

Wit.h this st.ruct.ure, the Cr layer or the like 

provides bot.h shock resistance and chem~cal prot.ect.io~, 

while t.he 8i02 layer provides bot.h wear resistance and 

corrosion resistance. 

The lubricant. layer is formed on the protect.ion 

layer so as t.o reduce f rict.ional resistance bet.ween the 

magnetic head and·-a surface of t.he result.ant. medium. The 

lubricant. layer may typically be applied in the following 

manner. A liquid lubricant. of, for example, perfluoro-. 

polyether (PFPE) is pr~pared an~·dilut.ed with, for 

example, a freon-based solvent.. Thereafter, the 

result.ant. lubricant. is applif:lld ·ori the prot.e.ct.ion layer. by 

the use of dipping, spin coating, or spraying technique. 

The coat.ed film may be heated. 

The present. invent.ion will be described more in 

detail below in conjunct.ion· .wit.h a set. of examples· and 

comparative examples, taking t.he above into account. 

Herein, it. is t.o be noted that. Examples exemplify the 

magnetic recording medium accord_ing t.o the above­

ment.ioned embodiment.. 

Example 1 

As shown in Fig. ·4; Ex~ple 1 has a glass 

substrate 1 and an underlying lamina 2 on the glass · 

substrate 1. On t.he underlying lamina 2, a first 

magnetic film 3, a non_magnet.ic ·film 4, a second magnetic 
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film 5, and a protect.ion layer 6 are successively 

deposited in t.his order. In addition, a lubricant. layer 

7 is coated on t.he protect.ion layer _S. The illust.rat.ed 

magnetic disk is ·manufactured through t.he following· 

st.eps. 

As mentioned before, t.he magnetic disk can reduce 

noise by interposing t.he nonmagnet.i~ film 4 bet.ween t.he 

magnet.le CoPt.-based films 3 and 5 and .exhibit.a high 

coercive force. The magnet.le disk is favorably combined 

wit.h an MR head. 

First., .a glass subst.rat.e wit.h a diameter of 2. 5 

inches is prepared which is composed of aluminosilicat.e 

glass chemically reinforced by means pf ion ex~hang~ •. 

Bot.h of front. and rear surfaces of t.he glass subst.ra,t.e 

are precisely polished t.o·provide·m~rror surface~ each of 

which has a surface roughne.ss (Ra) of about. 50 angstroms. 

As shown in Fig._ 2, ·t.he above-nient.ioned glass 

subst.rat.e is mounted ont.o a subst.rat.e holder or pa~let.. 

The pal.let. 18 is fed t.o t.he pallet. l.oad chamber ~l of t.he 

in-line sput.t.ering apparatus 10 illust.rat.ed in Fig. 1. 
. . 

Subs.equent.ly, t.he pallet. load chamber 11 is exhausted 

from atmospheric pressure t.o a degree of vacuum whic~ is 

similar t.o t.hat. of t.he sput.t.ering chambers (vacuum 

chambers) 12. Thereaft.er, a part.it.ion wall 14.is opened. 

t.o introduce t.he p·allet. 18 int.o a first. one of t.he vacuum 

chambers (12a). Int.his first vacuum chamber "12a, t.he 

gl.ass subst.rat.e mounted on t.he pallet. 18 is heated by a 

lamp heat.er 19 at. 300°C for one minut.e.· T~en~. t.he pallet. 
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18 is t.ransferred or t.ransport.ed at. a t.ransfer speed of 

50 cm/min. and allowed t.o pass bet.ween t.he opposing pairs 

of t.he t.arget.s 15a and 15b which are kept. in discharge 

st.at.es. The t.arget.s are aligned along a t.ransfer 

direct.ion of t.he pallet. and are successively arranged in 

t.he order of t.he t.arget. 15a for aluminum (Al) deposit.ion 

and t.he t.arget. 15b for chromium (Cr) deposit.·ion. 

Therefore, an underlying Al film 2a of 50 angst.roms t.hick 

and an underlying Cr film 2b of 1000 angst.roms t.hick are 

successively deposit.ed on bot.h t.he front. and t.he rear 

surfaces of t.he glass subst.rat.e. 

Next., t.he pallet. 18 is t.ransferred t.o a second 

one of t.he vacuum chambers (12b) t.hrough a port. 21 •. The 

pallet. 18 is h~at.ed again by a heat.er 20 locat.ed wit.bin 

t.he second vacuum chamber 12b. The heat. t.reat.ment. is 

carried out. at. 350"C for 1 minut.e. Thereaft.er, t.he 

pallet. 18 is moved at. a t.ransfer speed of 50 cm/min. 

bet.ween t.he pairs of t.arget.s 15c t.hrough 15g held in 

discharge st.at.es. In t.he second vacuum chamber 12b, 

t.arget.s 15c for CrMo, t.arget.s 15d for CoPt.Cr, t.arget.s 15e 

for CrMo, t.arget.s 15f for CoPt.Cr, and t.arget.s 15g· for Cr 

are successively arranged int.his order. ·The films are 

deposit.ad int.he order oft.he t.arget. arrangement. •. More 

specifically, deposit.ion is made of an underlying CrMo 

film 2c of 100 angst.roms t.hick, a first. magnet.ic CoPt.Cr 

film 3 of 120 angst.roms. t.hick, a nonmagnet.ic CrMo film 4 

of 50 angst.roms t.hick, a second magnet.le CoPt.Cr film 5 of 

120 angst.roms t.hick, and a first. prot.ect.ion· Cr layer 6a 
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of 50 angstroms t.hick in t.his order. 

The CrMo t.arget. 15c was composed of 98 at..% Cr 

and 2 at..% Mo, while t.he CrMo t.arget. 15e was composed of 

95 at..% Cr and 5% Mo. In addition, t.he CrMo t.arget.s 15c 

and 15e were sput.t.ered in t.he power of 500 wat.t.s. 

The CoPt.Cr t.arget.s 15d and 15f were composed of 

78 at..% Co; 11 at..% Pt., and .11 at..% Cr. 

Furthermore, t.he vacuum chamber was finally 

exhaust.ad t.o 5 x 10-6 Torr and t.hen an Ar gas was 

introduced. Under t.he· circumstances, sput.t.ering was 

conduct.ad at. a pressure.of 5 x 10-3 Torr. 

Aft.er completion of deposit.ion based on 

sput.t.ering, hydroph.llicat.ion was conduct.ad by washing t.he 

first. protect.ion Cr layer 6a wi.t.h isopropyl alcohol 

(IPA). Thereafter, t.he subst.rat.e was dipped in an 

organic silicon compound solution (a solution of wat.er, 

IPA and t.et.raet.hoxysilane) in which fine particles 

(particle size of 100 angstroms) of silica were 

dispersed. The result.ant. subst.rat.e was fired t.o form t.he 

second protect.ion layer 6b of Si02 • 

Finally, ·t.he surface of t.he second protect.ion 

layer 6b was dipped int.o a lubricant. of perf luoropoly­

et.her t.o form t.he lubricant. layer 7. 

The magnetic disk so obtained was t.est.ed as 

regards coercive force, a product. of residual 

magnet.izat.ion and film thickness, and a signal-t.o-noise 

rat.io. The results are shown in Table 1 below. Table 1 

also shows a difference (d(002) - d(llO))· obtained by 
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subtracting a crystal lattice distance of BCC(llO)·planes 

in the nonmagnetic film 4.of a material based on Cr and 

Mo from a crystal lattice distance of HCP(002) planes in 

the second magnetic film s. As enumerated in Table 1, 

the distance is shorter than 0.030 angstrom. 

Comparative Example 1 

Comparative Example 1 was 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 targets !Sc and !Se 

with the sputtering power of 2000 watts. Similar tests 

were conducted and the results of the tests are shown in 

Tal;>le 1. 

Comparative Example 2 

Comparative Example 2 was manufactured in a 

manner similar to that of Comparative Example 1. 

However, the Cr targets were used in place of the CrMo 

targets !Sc and ·1se. Similar tests and their results are 

shown in Table 1. 

Examples 2 through· 4 

Examples 2 through 4 were manufactured like 

Example 1. It is, however, noted that both C~Mo targets 

!Sc and !Se were supplied.with the sputtering.power 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 supp~ying.both the CrMo 
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targets !Sc and !Se with the sputtering power of SO watts 

and lSOO watts, respectively. 

Examples S through 7 

Examples S through 7 were manufactured by the use 

of the CrMoZr targets (Cr 90 at.%, Mo 8 at.%, and Zr 2 

at.%) (Example S), CrV targets (Cr 9S at.%, and VS at.%) 

-(Example 6), and CrTa targets_ (Cr 9S at.%, and Ta Sat.%) 

(Example 7). Such targets were used in place of the CrMo 

targets !Se. Examples S through 7 had magnetic 

properties enumerated in Table 1. 

Examples 8 through 11 

Examples 8 through 11 were manufactured in a 

manner which was sim~lar to that of Example 1 except that 

the CrMo targets !Se were composed of Cr 9S at.% a_nd Mo s 

at.% (Example 8), Cr 90 at.% and Mo 10 at.% (Example 9), 

Cr 80 at.% and Mo 20 at.% (Example 10), and Cr 60 at.% 

and Mo 40 at.% (Example 11). Examples 8 through 11 were 

evaluated and had magnetic properties shown in Table 1. 

Examples 12 through 18 

Examples 12 through 18 were manufactured in a 

manner which was similar to that of Example 1 except that 

the targets were used in place of the CoPtCr target~ lSd 

and lSf, as shown in the column "Note" of Table 1 • 

Similar evaluation was made in conjunction with Examples 

12 through 18. 
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TABLE 1 

He Mr• 0 S/N dcoo2>- NOTE 
ratio dc110> · 

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-
tive 1900 0.95 27.8 Sputtering Power· 50 watts 
Example 3 
Example 2 1900 0.97 33.4 0.029 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 
Example 5 2050 0.97 35.0 0.020 Cr 90, Mo 8. Zr 2 

Example 6 1850 0.95 33.3 0.032 Cr ·95, V5. 

Example 7 1800 0.95 . 33.3 0.019 Cr 95, Ta 5 · 

Example 8 1950 1.00 33.8 0.030 Cr 95, Mo 5 

Example 9 1950 0.97 33.7 0.019 Cr 90, Mo 10 

Example 10 1900 0.97 . 33.9 0.006 Cr so. Mo 20 

Example 11 1730 0.92 32.3 0.002 Cr 60, Mo 40 

Example 12 1880 1.10 32.7 0.031 . Co 85, Pt 10, Cr 5. 

Example 13 2130 0.90 33.1 0.021 Co 74, Pt 15, Cr 11 

Example 14 2130 0.68 34.3 0.018 Co 71, Pt 12, Cr 17 

Example 15 2100 0.63 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 1.15" 32.4 0.029 Co 88. Pt 10, Ta 2 

Example 18 1910 0.97 32.0 0.031 Co 83, Pt 12, Ta 5 

[Units: He (Oe). Mr• o (memu/~2)·. S/N ratio (dB)] 
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As is apparent. from Table l, Comparative 

Example l exhibi t.ed a low signal-t.o-noi_se ratio and 

caused a large medium noise to occur. This is because 

the nonmagnetic film is deposited in high sputtering 

power. 

In addition, Comparative Example 2 exhibited a 

low coercive force because of the nonmagnetic film of Cr 

deposited in high sputtering power. 

According to Examples l through 18, the 

coercive force, the product. .of residual . magnet.i_zation 

and film thickness, and the signal-to-noise ratio can 

be adjusted to more preferable values by_means of. 

changing the sputtering power, the ~at.erial and 

composition of the nonmagnetic film, and those of t.he 

magnetic films. · 

Examples 19 through 21 and 
Comparative Examples 5 and 6 

Examples 19 through 21 and Comparative Examples 5 

and 6 were manuf act.ured in a man~er which was similar to 

that of Example 1 except that the CrMo targets !Sc.and 

lSe 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 are shown in 

Table 2. 
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TABLE 2 

He Mr·• 0 S/N dcoo2>- NOTE ratio dc110> 

Compara-
tive 1900 0.95 27.8 Sputtering Power Density 
Example 5 0.5 

Example 19 1900 0.96 30.5 0.029 Splittering Power DensitY 
1.0 

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-
tive 1800 0.82 29.1 _Sputtering Power Density 15 
Example 6 

[Unit: Sputtering Power Density (W/cm2)] 

Examples 22 through 24 and 
Comparative Examples 7 and 8 

Examples 22 through 24 and Comparative.Examples 7 

and 8 were manufactured by changing the deposition or 

sputtering rates as shown in Table 3 on sputtering the 

CrMo targets !Sc and !Se. Such a change of the. 

deposition rates can be accomplished by varying the 

sputtering power given to the CrMo targets !Sc and !Se. 

The magnetic properties have been shown in Table 3. 

TABLE,3 

He Mr. 0 S/N dcoo2>- NOTE ratio dc110> 

Comparative 1900 0.95 28.1 Sputtering Rate 100 
Example 7 
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 ~puttering Rate 1400 

Comparative 1750 0.80 27.9 Sputtering Rate 1600 
Example 8 

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

. 
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TABLE 3A 

Differences of Crystal Lattic~ Distance 

(d(002) - dlllO)) 
Underlying Layer/ Nonmagnetic Film/ 

1st Magnetic 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 changing the 

sputtering power density and the sputtering rate. In all 

of Examples above, it is to be noted that differences 

(d(00 2 ) - d(llO)) between crystal lattice distances falls 

within a range from 0.002 to 0.032 angstroms. 

Herein, the differences (d(00 2 ) - d(llO)) between 

the nonmagnetic film 4 and the second magnetic film 5 

have been shown in Tables 1 .to 3 and may be ca~led first 

differences. Herein, it i~ to be noted t~a~ d(00 2 ) 

represen~s a first crystal lattice plane distance of 

(002) planes of a hexagonal close-packed (hep) crystal 

structure in the second magnetic film 5 of Co and Pt 

while d(llO)) represents a second crystal lattice plane 

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 Examples 1 through 

24 and may be referred to as second differences. The 

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 
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(d(002) - d(llO)) between the underlying laye~ 2c and 

the first magnetic film of each of Examples 1 through 

24 exist within a range between 0.002 and 0.032 angstrom 

like the first differences (d(002 ) - 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 

(d(002) - d(llO)) fall within the range between 0.002 and 

0.032 angstrom. In other.words, the low power sputtering 

mentioned above serves to render each of the first and 

the second differences within the above-mentioned range. 

Accordingly, the low power sputtering is effective to 

reduce variations of the first and the second differen~es 

within planes. This makes a distribution of the 

differences (d(002) - d(llO)) uniform 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 properties, 

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 present between the first and the second 

embodiments, as will become clear later. 

Example 25 was manufactured in the following 

manner as a magnetic recording medium according to this 

embodiment. The glass substrate 1 in Example 25 i·s 
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composed of aluminosilicate glass and is precisely 

polished to provide mirror surf aces which have a surf ace 

roughness (Ra) of about SO angstroms. · 

The underlying lamina 2 is composed of a thin Al· 

film 2a of SO angstroms thick, a thin Cr film ~b of 600 

angstroms thick, and thin CrMo film 2c of· SO angstroms 

thick. The thin CrMo film 2c comprises Cr 98 at.% and Mo 

2 at.%. 

The first magnetic film 3 and the second magnetic 

film S are composed of 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 nonmagne1:-ic film, namely, the nonmagnetic. 

intermediate film 4 interposed between th·e first magnetic 

film 3 and the second magnetic film S i·s composed of a 

CrMo alloy (Cr: .98 at.%, and Mo 2 at.%) and has a 

thickness of SO angstroms. 

The protection layer 6 is composed of the first 

protection film 6a and the second protection film 6b 

which are successively stacked from the side of the 

substrate. The first protection film 6a is composed of a 

Cr film of SO angstroms thick, and serves as a chemical 

protection film for the magnetic layer. The other 

protection film 6b is composed of a silicon oxide film of 

160 angstroms thick and has hard fine particles dispersed 

therein. This second protection film 6b provides wear 

resistance. 
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The lubricant. layer 7 is composed of per~luoro­

polyet.her so as t.o mit.igat.e a cont.act. shock wit.h a 

magnet.ic head. 

-A met.hod of manufact.uring t.he above-ment.ioned 

magnet.le disk is described below. 

The above-ment.ioned glass subst.rat.e is mount.ed 

ont.o a subst.rat.e holder·(pallet.). The pallet. 18 is fed 

t.o t.he pallet. load chamber 11 of t.he in-line sput.t.ering 

apparat.us 10 illust.rat.ed in Fig. 1. Subsequent.ly, ~he 

pallet. load chamber 11 is evacuat.ed from t.he at.mospheric 

pressure t.o a degree of vacuum similar t.o t.hat. of t.he 

sput.t.ering chamber (vacuum chamber) 12. Thereaft.er, t.he 

part.it.ion wall 14 is opened t.o feed t.he pallet. 18 int.o a 

first. vacuum chamber 12a. In t.his first. vacuum chamber 

12a, t.he glass subst.rat.e mount.ed on t.he pallet. 18 is · 

heat.ed wit.h a lamp heater 19 at. 300°C for one minut.e. 

Then, t.he pallet. 18 is t.ransferred at. a t.ransfer·speed of 

1.2 m/min. and allowed t.o pass bet.ween t.he opposing pairs 

of t.he t.arget.s lSa and t.hen bet.ween lSb ·whic~ are kept. in 

discharge st.at.es under an Ar gas pressure of 5 mTorr. 

The t.arget.s are arranged along t.he t.ransfer direct.ion of 

t.he pallet. and are formed by t.he t.arget.·1sa for aluminum 

(Al) deposit.ion and t.he t.arget.s lSb for chromium (Cr) 

deposit.ion. Therefore, an underlying Al film 2a, an 

underlying Cr film 2b are successively deposit.ed.on bot.h 

surf aces of t.he glass subst.rat.e in t.he order of t.he 

t.arget.s. Now, t.he Al t.arget.s and Cr t.arget.s are supplied 
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with 300 watts and 1.0 kilowatts, respectively, during 

sputtering. 

Next, the p~llet 18 is transferred to the second 

vacuum chamber 12b through the partition wall 21. ·The 

pallet 18 is heated again with a ~eater 20 located within 

the second vacuum chamber 12b. THe hea·t treatment is 

carried out at 375°C for 1 minute. Thereafter, the 

pallet 18 is transported at a transfer speed of 1.2 

m/min. between the pairs of targets 15c through 15g kept 

in discharge states. Such discharge states can be 

continued by. an Ar gas kept at a pressure. of. l·. 3 mTorr. 

The second vacuum chamber 12b has an arrangement of 

targets _15c for CrMo, targets 15d for CoPtCr, targets 15e 

for CrMo, targets 15f for CoPtCr, and targets 15g for Cr 

which are located in this order. The films are dep·osi ted 

in the order of the target arrangement. More 

specifically, the underlying CrMo layer 2c, the first 

magnetic CoPtCr film 3, the nonmagnetic CrMo film 4, the 

second magnetic CoPtCr film 5, and the first protection 

Cr film 6a are successively de~osited on the underlying 

Cr film 2b. 

Sputtering was conducted with the power of 300 · 

watts applied to the CoPtCr targets and 500 watts to the 

Cr targets. Furthermore, the vacuum chamber was finally 

exhausted to 5 x 10-6 Torr and an Ar gas was i~troduced 

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 floating distance kept at 0.075µ m 
or less. The results were good. In addition, the 

coercive force (He), the product (Mr8) of residual 

magnetization and film thickness, and· the signal-to-noise 

ratio were tested in connection with the above-mentioned 

magnetic disk. The results are shown in Table 4. 

Furthermore, Table 4 also shows composition~ and 

film thicknesses of the underlying CrMo layer 2c, those 

of the nonmagnetic intermediate CrMo film 4, ·and the 

substrate heating temperature and the Ar gas pressure 

upon manufacturing the underlying CrMo layer 2c and the 

nonmagnetic intermediate CrMo film 4. Moreover, 

differences (d(002) - d(llO)) are also shown which are 

obtained by subtracting the crystal· lattice distance of· 

the.(110) planes.in the underlying CrMo layer 2c 

(contacted with the magnetic CoPtCr film 3) from the 

crystal lattice distance of the (002) planes in the 

magnetic CoPtCr film 3. In addition, differences· 

(d(002) - d(llO)) are enumerated whfch 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 film 5. 

It is noted that the differences (d(002) -

d(llO)) obtained from the underlying CrMo layer 2c and 

the magnetic CoPtCr film 3 were identical wi~h the 

differences (d(002) - ~(llO)) obtained from the 

nonmagnetic intermediate CrMo film 4 and the magnetic 

CoPtCr film 5. This is because the underlying. layer 

2c, the nonmagnetic intermediate film 4,. the magnetic 

film 3, and the magnetic film 5 were manufactured under 

the same conditions. Taking this in.to .consideration, 

Table 4 thus shows the only one of two values obtained 

for each example. Likewise, this is also true of 

Table 5. 

The signal-to-noise ratio was tested by the use 

of a thin film head. Specifically, recording and 

reproduction outputs were measured at a track.recording 

density of 110 kfci ·with a relative rate kept at 5.0 m/s 

between the thin film head and the disk and with a 

magnetic head floating distance held.at 0.060· µm. 

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 a 

carrier frequency and a ~easuring bandwi.dth set to 13. 5 

MHz and 27 MHz, respectively. The MR head used in the 
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above-mentioned measurements had a recording track width 

of 4.2 µ m, a reproduction track width of 3.5 µ m, a 

recording 

gap length of 0.43 µ m, and a reproduction gap length of 

0.31 µ 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 layer 2c, those of t.he 

nonmagnetic intermediate CrMo film 4, the substrate 

heating temperature, and the Ar gas pressures upon 

manufacturing the underlying CrMo layer 2c and the 

nonmagnetic intermediate CrMo 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 2_c and the nonmagnetic intermediate 

CrMo film 4 were formed by CrMoZr alloy and had film 

thicknesses of 50 angstroms, and t.hat. the co~posit.ion of 

each layer was changed from the other examples, as shown 

in Table 5. 

The magnetic disks according _t.o Examples 26 

through 53 were subjected t.o running tests with a 

floating distance kept at. 0.075 µ m or less. In: 
-

addition, the coercive force (Be), the product. (Mro ) 

of residual magnetization and film thickness, and the 
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signal-to-noise ratio were also measured in connect.ion 

with Examples 26 through 53. The signal-to-noise ratio 

was measured in t.he same manner as in Example 25. All of 

the test results are shown in Tables 4 and 5. 

Furthermore, 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 gas 

pressure upon manufacturing t.he underlying CrMo layer 2c 

and the nonmagnetic intermediate CrMo film 4, and t.he 

differences (d(00 2) - d(llO)). obtained by subtracting the 

crystal lattice distance of t.he (110) planes in t.he 

underlying CrMo layer 2c from t.he crystal lattice 

distance of the (002) planes in the magnetic CoPt.Cr film 

3, .and the differences (d(002) - d(llO)) obtained by 

subtracting the crystal lattice distance of the (110) 

planes in the nonmagnetic intermediate CrMo film 4 from 

t.he crystal lattice distance of the (002) planes in the 

magnetic 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 t.o the 

following examples. 
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TABLE 4-1 

Magnetic Underlying Nonmagnetic· · Nonmagnetic 
Layer Underlying Layer 2c Intermediate Intermediate 

Exam- Composition Layer 2c Film Layer 4 Layer 4 
pl es (at.%) Composition Thickness Composition Film 

120 angstroms (at.%) · (Angstrom) · (at.%) Thickness 
x two layers (Angstrom) 

25 Co78Pt11Crll Cr98Mo2 50 Cr98Mo2· 50 
26 II II 100 II. II 

27 II II 50 II . II 

28 II II ,, II II 

29 II Cr95Mo5 50 Cr95Mo5 50 
30 ,, II 100 II II 

31 II II 20 II II 

32 II II 50 II 20 
33 ,, II II II 50 
34 ,, II II II ,, 

35 II Cr90Mo10 50 Cr90Mo10 50 
36 II II .100 II II 

37 II II 20 II II 

38 II II 50 II 20 
39 II II II II 50 
40 II II II II II 

41 II Cr85Mo15 50 Cr85Mo15 50 
42 II ,, 100 ,, II 
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TABLE 4-2 

Substrate Ar Gas Mro Exam- Heating Pressure He(Oe) (memu/ S/N Ratio dcoo2>-dc110> 

ples Tempera- (mTorr) cm2) (dB) (~trom) 

tureC'C) 

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 ,, II . 2100 ·0.96 37.3 +0.25. 

31 II II 2000 0.94 .37 .o +0.027-

32 II II 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 ,, II 2050 0.96 36.9 +0.014 

37 II II 2000. 0.93 36~8 +0.016 

38 ,, ,, 2000 . 1.00 36.7 +0.015 

39 300 II 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·.5 +0.008 



,• 

40 

TABLE 5-1 

Magnetic Underlying Nollmagnetic Nonmagnetic 
Layer Underlying Layer 2c Intermediate Intermediate 

Exam- Composition Layer 2c Film Layer 4 Layer 4 
pl es (at.%) Composition Thickness Composition Film 

120 angstroms (at.%)" (Angstrom) (at.%) Thickness 
x two layers (Angstrom) 

43 Co78Pt11Crll Cr85Mo15 20 Cr85Mo15 ·50 

44 II II 50 II 20 

45 II II II II 50 

46 II II II II II 

47 II Cr80Mo20 50 Cr80Mo20 50 

48 II ,, II II II 

49 II "· 
' ,, ·11 ,, 

.. 

50 II Cr95Mo2Zr3 II Cr95Mo2Zr3 II 

51 II Cr92Mo6Zr2 ,, Cr92Mo6Zr2 ,, 

52 II Cr88Mo8Zr4 ,, Cr88Mo8Zr4 ,, 

53 II Cr83Mo12Zr5 II Cr83Mo12Zr5 II 

TABLE .5-2 

Substrate Ar Gas Mro 
Exam- Heating Pressure He(Oe) (memu/ S/N Ratio dcoo2>-dc110) 

pl es Tempera-:- (mTorr) cm2) (dB) (Angstrom) 
tureC'C) 

43 375 1.3 1950 0.95 35.5 +0.007 

44 II II 1950 0.99 35.5. +0.007 

45. 300 II 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 . 35.-3 +0.002 

48 300 II 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 ,, II 2150 1.01 38~3 +0.025 

52 - II II 2150 1.05 38.0 +0.021 

53 II II 2100 1.00 37.8 +0.016 
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As are apparent. from Tables 4 and 5, Examples 25 

through 49 wit.h t.he underlying layer 2c and the 

nonmagnetic intermediate film 4 were composed of CrMo 

alloy and are excellent in coercive force (He), the 

product (Mro ) of re·sidual magnet.izat.ion and f_ilm 

thickness, 

and the signal-to-noise rat.io. Examples 50 t.hrough 53 

which have the underlying layer 2c of CrMoZr alloy and 
.. 

t.he nonmagnetic i"ntiermediat.e film 4 of CrMoZr alloy 

are also excellent. in coercive force (He), the product. 

(Mro ) of residual magnetization and film thickness, and 

the signal-to-noise ratio. In· particular, it has been 

found out. t.hat. addi t.ion of . ·zr tq t.he CrMo alloy is 

helpful t.o furt.her reduce noise and t.o improve t.he signal~ 

t.o-noise rat.io. To achieve such an effect, t.he cont.ant. 

of Zr is preferably selected in a range bet.ween 2 and 5 

at..%. 

Examples 25 through 53 indicate t.hat. t.he 

differences (d(002) - d(llO) ). which repres.ent. 

relationships of t.he crystal lat.t.ice distances bet.ween 

t.he underlying.CrMo layer 2c ·and t.he magnetic CoPt.Cr film 

3 and bet.ween t.he nonmagnetic int.ermediat.e CrMo film 4 

and t.he magnetic CoPt.Cr film 5 can be changed in 

dependency upon t.he compositions of t.he underly~rig layer 

2c, t.he. compositions of t.he nonmagnetic int.ermediat.e film 

4, t.he subst.rat.e heating t.emperat.ur~, and t.he Ar gas 

pressure. 
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For example, Examples 25 through 53 to which a 

small amount of Mo are added are excellent in the 

signal-to-noise ratio. 

These results indicate that the content of Mo in 

the CrMo alloy used in the underlying layer 2c and the 

nonmagnetic intermedia~e film 4 is preferably restricted 

within a range between 2 and 20 at.% arid serves to 

restrict the differences (d(002 ) - d(llO)) to the 

predetermined.· range mentioned abo_ve. 

Examples 54 to 70 

Examples 54 to 70 were manufactured in a manner 

which is similar to that of Example 25 except that the 

combination of the compositions of the ~nderlying ·crMo. 

layer and the nonmagnetic ·intermediate CrMo film 4 was 

changed as shown in Table 6 •. 

Like in Exmaples 25 to 53, similar running 

tests and similar measurements· were· carried out in 

connection with Examples 54 to 70 also. It has been 

confirmed that Examples 5~ to 70 have excellent 

properties like the other.examples mentioned above, as 

shown in Table 6. 
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TABLE 6-1 

Magnetic Underlying Nonmagnetic NQD1DB.gI1etic 
Layer Underlying Layer 2c Intermediate Intermediate 

Exam- Composition Layer 2c Film Layer 4 Layer 4 
pl es (at.%) Composition Thiclmess Composi ti_on. Film 

120 angstroms (at.%) (Angstrom) (at.%) Thickness 
x two layers (Angstrom) 

54 Co78Pt11Crll Cr98Mo2 50 Cr98Mo2 ·50 

55 II II II Cr90Mo10 II 

56 II II II Cr80Mo20 II 

57 II Cr95Mo5 II Cr98Mo2 II 

58 II II II Cr90Mo10 II 

59 II . II II Cr85Mo15 II 

60 II II II Cr80Mo20 . II 

61 II Cr90Mo10 II Cr98Mo2 II 

62 II II II · Cr95Mo5 II 

63 II II II ·cr85Mo15 •. 
II 

64 II II II Cr80Mo20· II 

65 II Cr85Mo15 II Cr98Mo2 II 

66 II II II Cr95Mo5 . II 

67 II II II . Cr90Mo10 II 

68 II Cr80Mo20 II Cr95Mo5 II 

69 II II II Cr90Mo10 II 

70 II II II Cr85Mo15 II 
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TABLE 6-2 

Subst- dcoo2>-dc110> dcoo2>-dc110> 
rate (Angstrom) (Angstrom) 
Heat- Ar Gas Mr6 S/N between First· between Second 

Exam- ing Pres- He (memu/ Ratio Magnetic Magnetic 
pl es tem- sure (Oe) cm2). (dB) Layer 3 and Layer 5 and· 

per a- (mTorr) Underlying· Nonmagnetic 
ture Layer 2c Intermediate .. 
("C) Layer 4 

54 375 1.3 1950 0.97 35.8. +0.029 +0.026 
·55 II II 2000 0."97 35.7 II +0.015 
56 II II 1900 0.95 35.1 II +0.002 
57 ,.I ,.I 1900 0.98. 36.0. :f-0.026 +0.029 · .. 

58 II ,.I 2050 1.00 37.1 II +0.015 
59 II II 1950 1.00 "36.5 ,.I +0.007 
60 . II II 1950 1.02 36.0 II +0.002 . 

61 II II 1950 0.98 36.1 +0.015 +0.029 
62 II II 2000 LOO 37.0 II . +0.026. 

63 II II 2000 0.99 36.2 II +o·.001 · 

64 II II 2000 1.01 · 36.0 II +0.002 
65 II II 1900 1.00 35.0 +0.007 +0.029 
66 II II 1950 0.99 35.8 II +0.026 
67 ,.I II 1950 0.98 35 .. 5 II +0.015 
68 II II 1900 0.97 35.5 +0.002 +0.026 

69 II II 1900 0.96 35.4 II +0.015 
70 II II 1950 0.98 35.2 II +0.007 
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As is apparent. from Table 6, the coercive force 

(He), the product. (Mr8 ) of residual magnetization and 

film thickness, and the signal-to-noise rat.io were 

improved when the underlying CrMo layer 2c which includes 

2 to 20 at..% of Mo is combined wit.h the nonmagnetic 

int.ermediat.e CrMo film 4. Practically, improvement. of 

t.he signal-t.o-noise rat.io has been achieved by a. 

combination of the underlying CrMo layer including 2 t.o 

20 at.% of Mo with the nonmagnetic .int.ermediat.e CrMo film 

including 5 t.o 10 at..% of Mo and another combi.nat.ion of 

the nonmagnetic intermediate CrMo film including 2 .t.o 20 

at..% of Mo with t.he underlying CrMo layer including_ 5 t.o 

10 at..% of Mo. In addition, t.he-most. preferabie 

combination for improving t.he signal-to-noise rat.io-has 

been found t.o be a combination of t.he underlying CrMo 
. . 

layer including 5 t.o 10.at..% of Mo wit.ht.he nonmag~et.ic 

int.ermediat.e CrMo -film· including 5 t.o 10 at..% of Mo. 

Examples 71 t.hrough 88 

Examples 71 through 80 were similar in st.ruct.ure 

t.o Example 25 except. t.hat. t.he composition of t.he magnetic 

film 3, t.he composi·t.ion of t.he underlying _c_rMo layer 2c, 

and t.he composition of t.he nonmagnetic int.ermediat.e CrMo 

film 4 were modified in Examples 71 through 80, as shown 

in Table 7. 

Likewise, Examples 8l_t.hrough 88·were different. 

frqm Example 25 in view of·t.he fact. t.hat. t.he composition 

and t.he material of t.he magnetic film 3, t.he composition 

of t.he underlying CrMo layer 2c, and t.he composition of 
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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 examples 

ment.ioned above~ The test. results and the measurement. 

result.s of Examples 71 to 88 are shown in Table 7 nad 

have been found t.o be improved. 

It. is not.ed that., in Table 4, t.he difference 

(d(002 ) - d(llO)) obtained by subtract.ing t.he crystal 

lat.t.ice distance of the (110) planes in t.he underlying 

CrMo layer 2c from the crystal lat.t.ice dist.ance of the 

(002) planes in t.he magnetic CoPtCr film 3 was equal t.o 

t.he difference (d(002 ) - d(llO)). obt.ain~d by subtract.i~g 

t.he crystal latt.ice dist.ance of t.he (110) planes in t.he 

nonmagnetic intermediate CrMo film . 4· from t.he cryst.al · ... 

latt.ice dist.ance of t.he (002) pianes in t.he magnetic 

CoPt.Cr film 5. This is because t.he un~erlying layer 2c, 

t.he nonmagnetic int.ermediat.e film 4, t.he magnetic film 3, 

and t.he magnet.le film 5 were deposit.ed wit.bin t.he·same 

condit.ions. Taking t.his int.o consideration, Table 7 

shows t.he only one of t.wo values obt.ained for each . · 

example. 
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TABLE 7-1 

Magnetic Underlying Nonmagnetic Nonmagnetic 
Layer Underlying Layer 2c Intermedi- Intermediate 

Exam- Composidon Layer 2c Film ate Layer 4 Layer 4 
pl es (at.%) Composition Thickness Composition Film 

120 angstroms (at.%) (Angstrom) (at.%) Thickness 
x two layers (Angstrom) 

71 Co84Pt5Crll Cr95Mo5 50 same as 50 
underlying 
layer 2c 

72 II Cr90Mo10. II II ,, . 

73 Co71Pt18Cr11 Cr95Mo5 II II II 

74 ,, Cr90MolO II II II 

75 Co84Pt11Cr5 Cr95Mo5 II II ,, 
76 ,, Cr90Mo10 II . II II 

77 Co74Pt11Cr15 Cr95Mo5 II 11· II 

78 ,, Cr90Mol0 . II ,, . II 

79 Co64Pt11Cr25 Cr95Mo5 II ,, II 

80 II Cr90Mo10 II II II 

81 Co87Pt11Ta2 Cr95Mo5 ,, II ,, 
82 II . Cr90Mol0 ,, II II 

83 Co84Pt11Ta5 Cr95Mo5 ,, II ,, 
84 ,, Cr90Mo10 II ,, II 

85 Co76Pt11Cr11Ta2 Cr95Mo5 II II II 

86 II Cr90Mo10 ,, II ,, 
87 Co73Pt11Cr11Ta5 Cr95Mo5 II II II 

88 ,, Cr90Mo10 ,, II ,, 
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TABLE 7-2 

Substrate Ar Gas Mro Exam- Heating Pressure He(Oe) (meinu/ S/N Ratio dcoo2>-dc110> 
pl es Tempera- (mTorr) cm2) (dB) (Angstrom) 

ture(°C) 
71 375 1.3 1850 1.09 35.5 +0.001 
72 II II 1850 1.10 35.1 +0.003 
73 II II 2250 0.88 35.6 +0.032 
74 II II 2300 0.89 36.5 . ·+0.24 
75 II II 1900 1.09 35.8 +0.031 
76 II II 1950 l.10 .36.3 +0.022 
77 II II 2150 0.95 "36.5 . +0.020 
78 II II 2200 0.94 35.6 +0.010 
79 II II . 2300 0.82 35.9 +0.013 
80 II II 2350 0.82 35.1 +0.003 
81 II II 1900 1.10 34.3 +0.028 
82 II II 1950 ·1.11 34.9 . +0.020 
83 II II 1950 1.01 34.1 +0.032 
84 II II l,950 1.10. 34.8 +0.024 

85 II II 2050 0.91 ·37.0 +0.028 
86 II II 2000. 0.91 36.8 +0.018 
87 II II 2100 0.75 35.5 +0.030 
88 ,, II 2050· 0.76 35.8 ·+0.021 
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As is apparent from Table 7, a high He and a high 

signal-to-noise ratio can be 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.% of Pt, and 3 to 30 at.% of Cr. 

Further i~provement 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.% of Pt, and 5 to .25 at.% of Cr. 

When the magnetic layer is composed of the CoPtTa 

alloy (Examples 71 through 84), a high He 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 thrqugh 88), a high He 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.% 

of Cr, and 1 to 7 at.% of Ta. 

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 re~ording 

media according to the present invention, the underlying 

layer and the nonmagnetic ·intermediate· films contacted 
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with the magnetic films contain less impurities and 

contaminants an~, as a resul~, enable improvement of the 

magnetic properties, such as the coercive force, the 

reproduction output, and the signal-tq-noise ratio. In 

addition, the properties for the magnetic recording media 

can further be improved by reducing Qistribution of the 

difference (d(002) - d(llO)) betw~e~ the crystal lattice 

distances·described in the above. 
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WHAT IS CLAIMED IS: 

1. A met.hod 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 surf ace film brought into 

cont.act. with said magnetic layer, said met.hod comprising 

the step of: 

depositing at least one of the surface film and 

the nonmagnetic film at a low power·range ~et.ween 100 and: 

1000 watts, both inclusive, within said sputtering 

apparatus of the in-line type. 

2. A met.hod as claimed in claim 1, wherein said 

low power range falls within. a range bet.ween 300 and 700 

watts. 

3. A met.hod as claimed in claim 1, wherein at 

least one of the surf ace film· and the nonmagnetic film is 

deposited at a deposit.ion rate between 150 ·and 1500 

angstroms/min. 

4. A met.hod as claimed in claim 3, wherein at 

least one of the surfac~ film and the nonmagnetic.film is 

deposited at a deposit.ion rate bet.ween 450 and 1000 

angstroms/min. ----··- ··-------------·---·-·· 

111111111111111111111111111111 
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5. A met.hod as claimed in claim 1, wherein t.he 

nonmagnet.ic film is composed of an alloy select.ed from a 

group consisting of an alloy of Cr and ~o, an alloy of Cr 

and V, and an alloy of Cr and Ta. 

6. A met.hod as claimed in claim 1, wherein at. 

least. one of t.he first. and t.he second magnet.le films is 

composed of an alloy select.ad from a.group consist.ing of 

an alloy of CoPt.Cr, an alloy of CoPt.Ta, an alloy of 

CoPt.CrTa, CoPt.CrB, CoPt.CrNi. 

7. A met.hod as claimed in .claim 1, furt.her 

comprising t.he st.eps of: 

depositing a prot.ect.ion ~ayer on said magnet.le 

layer in t.he sput.t.ering appa_rat.us of t.he in-line t.ype. 

8. A met.hod as claimed in claim 7, wherein t.~e 

prot.ect.ion layer is formed by a selected one of Cr.and an 

alloy of Cr. 

9. A met.hod of manufacturing a magnet.le 

recording medium which has a f i~st. magnet.le film 

including an alloy of CoPt., a n~nmagnet.ic int.erinediat.e 

film which includes Cr and which is deposit.ad on s~id 

first. magnet.le film, and a second magnet.le film which 

includes an alloy of CoPt. and which is deposit.ad on t.he 

nonmagnet.ic film, said met.hod comprising t.he st.ep o·f: 

preparing a sput.t.ering apparat.us of an in-line 

t.ype; and 

successively deposit.ing,·wit.hin t.he sput.t.ering 

apparat.us, t.he first. magnet.le film, t.he nonmagnet.ic film, 

and t.he second mag~et.ic film. 
-------------------- ---- -

111111111111111111111111111111 
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10. A met.hod as mentioned in claim 1, each of 

t.he first. and t.he second magnetic films being specified 

by a hexagonal close-packed (hep) crystal st.ruct.ure 

having (002) planes remote from each ot.her by a first. 

crystal lattice plane distance d(002) while the 

nonmagnetic intermediate film is specified by a body­

cent.ered cubic (bee) crystal structure having ·UlO) 

planes dist.ant. from each other by a second ~ryst.al 

lat.t.ice plane distance d(l.lO), said ·deposit.ion step 

comprising the step of: 

successively forming the nonmagnetic intermediate 

film and t.he second magnetic film within said low power 

range such that. a difference bet.wee~-t.he first cry~t.al 

l.at.t.ice plane distance d(002) and t.he second crystal 

lat.t.ice plane distance d(llO) falls within a range 

bet.ween 0.002 and 0.032 angstrom. 

11. A met.hod as claimed in claim 10, wherein the 

difference is present. within a range bet.ween 0.014 and 

0.030 angstrom. 

12. A met.hod as claimed in claim .10, said 

magnetic layer further comprising an additional· 

nonmagnetic int.erinediat.e film on said second magnetic 

film and a t.hird magnetic film on said additional 

nonmagnetic int.ermediat.e film, t.he additional nonmagnetic 

film comprising Cr and Mo and being specified by a body-

centered cubic (bee) crystal structure having (110) 

planes dist.ant. from each other by a second. crystal 

lat.t.ice plane distance d(llO). while t.he ~...:hi~d magne:ic __ _ 

' 111111\ "'"' 111\111111 " '"' * C L M S * 
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film comprises Co and Pt and is specified by a hexagonal 

close-packed (hep) crystal structure having (002) planes 

remote from each other by a first crystal lattice plane 

distance d(002)' said method comprising the.step of: 

successively depositing the additional 

nonmagnetic intermediate film and the third magnetic film 

in low power such that a difference between the first 

crystal lattice plane distance d(002) and the second 

crystal lattice plane distance d(llO) ·.falls within a 

range between 0.002 and 0.032 angstrom. 

13. A method as claimed in claim-12, wherein the 

difference is present within a range· between 0.014 and 

0.030 angstrom. 

14. A method as claimed in claim 10, said 

magnetic reco.rding ·medium further com~rising a substrate 

and an underlying layer which is deposited on said 

substrate, said underlying layer comprising a surface 

film which is brought into contact with said first 

magnetic film and which comprises Cr and Mo, said surface 

film being specified by a body-centered cubic (bee) 

crystal structure having (110) ·planes distant from each 

other by a third crystal lattice plane distance d(llO)' 

said method comprising.the step of: 

successively depositing the surface film and the 

first magnetic fil~ in low power such that·an additional 

difference between the first crystal lattiqe plane 

distance d ( 002 ) and the third crystal l:attice plane 

distance d(llO). falls within a range between 0~002 and 
-------------·-·----·--····-· 
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TH\S SHEET HAS BEEN 

REPLACED _ 

0.032 angst.rom. 

15. A met.hod as claimed in claim 14, wherein t.he 

addit.ional difference falls wit.bin a range bet.ween 0.014 

and 0.030 angstrom. 

16. A met.hod as claimed in claim 10, said 

underlying layer furt.her comprising an underlying film 

int.erposed bet.ween said subst.rat.e and said surface film, 

t.he met.hod comprising t.he st.ep of: 

deposit.ing, as said underlying film, a film of 

met.al having a body-cent.ered cubic (bee) cryst.al 

st.ruct.ure. 

17. A met.hod as claimed in claim 16, wherein· 

said met.al is Cr. 

18. A met.hod as claimed in claim 10, wherein 

said deposit.ing st.ep comprises t.he st.eps_of: 

preparing a subst.rat.e; 

heat.ing t.he subst.rat.e t.o a t.emperat.ure bet.ween 

250"C and 425"C ; 

int.roducing t.he magnet.le layer int.o an argon gas 

at.mosphere kept. at. a pressure bet.ween 0.5 and 10 mTorr; 

and 

carrying out. sputt.ering t.o deposit. t.he magnetic 

layer. 
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