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MAGNETIC RECORDIRG MEDIUM AND

METHOD OF MANUFACTURING THE SAME

Background of the Invention:

The present invention relates to a magnetic
recording medium, such as a magnetic disk and a magnetic
tape, and a method ¢f manufacturing the same.

Magnetic recording technology has a long history
and is based on established techniques. The devalopment
of an information-based soc¢lety in recent years has
accelerated the development of a magnetic recoxding
medium which bhas a higher density with 1gpzpved
properties. Such technology has thu§ been impoxtant ﬁore
and moxe. | '

In particular, a thimner recording layer hag been
used for a higher recording density in the field of
magnetic disks (e.g., hard disks and floppy disks) which
gexve as peripheral storage Qevices. The age of thin
£ilm medium vsing a magnetic thin f£ilm has been Jjust
beginning, In this event, important challenges are how
t0 ensure the reliability of data stored thereon with a
higher recording dengity and how tec make such media
suitabla for mass—broduction at a low manufacturing cost.

It is known that = higher coexcive force is

achieved by using chromium ags the underlying layer or



used for a higher recording density in the field of magnetic disks (e.qg.,
hard di sks and floppy disks) which serve as peripheral storage devices. The
age of thin f|In1nedLun1us1ﬂg a magnetic thin fil mhas been just beginning.
dn this event, |nportant hallenges are how to ensure the relifability of

data stor gg Qﬂ@é |gher recordi ng density and how to nake such
medi a SUItab duction at a |ow manufacturing cost. It is known

that a hlghe e is achieved by usi ng chrom um as the
under |l ying |

film of a magnetic tecording medium which has a magnetic
layer of CoNiCxr alloy or CoCrTa alloy (see, for example,
IEEE Transactions on‘Magnatics Vol. MAG-3, No. 3 (1967),
pages 205-207).

However, the magnetic CoPt alloy layer degrades
orientation along the C-axis when it is combined with the
underlayer of chromium (Cr) alone. Thiz i3 because a2
crystal lattice constant of the magnetic CoPt-based alloy
layer 12 greater than a crystal lattice constant of the
conventional magnetic layexr of the CoNiCr alloy or the
CoCxTa alloy. As a regult, the magnetic CoPt-based layar
i3 not completely matched in atomic alignment with the
underlying layer of the single component of Cr. Thus,
this adversely affects the orientation of the C-axis.

In orxdex to overcome this problem, U.8. Patent
No. 4,652,499 which is igsued to Howard proposes to s8dd a
second or different metal to the Cr underlayer 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 meansz of changing the lattice
constant of the 2lloy underlayer by addition of the
different metal to the Cr alloy. This brings about an
improveneunt of the coercive force or coercivitly and the
squarQness. |

The present iaventore have found, as a result of
detatled considera"t..‘l.on; that the resmnltant recording
mediuwm has a significantly-lazgef noise as a result of

the addition of the different metal to the underlying Cr



filmof a magnetic recording nmedi um which has a magnetic | ayer of CoN Cr
alloy or- CoCrTa alloy (see, for exanple, |EEE Transactions on Magnetics
Vol . MAG 3, No. 3 (1967), pages 205-207). However, the magnétic CoPt .all oy
Fayer degrades orientation along the C-axis when it is conbined with the
under | ayer of chromium (Cr) alone. This is because a crystal lattice
constant of the nmagnetic CoPt-based alloy |ayer is greater-than a_crystal _
I'attice constant of the conventional magnetic |ayer of the CoNiCr alloy or
the CoCrTa alloy. As a result, the magnetic CoPt-based ThigybpetiHas Baen Replaced
completely matched in atomc alignnent3with the underlyin BH i

singl e conponent of Cr. Thus, this adversely affects the t he
C- axi s.

layer. : :

Another thin film recording medium is disclosed
in Japanese Unexamined Patent Publication No. Béi 2~
210614, namely, 210614/1990. The disclosed thin film
recoxding medium consists of a magnetic layer of a cobalt-
Platinum (CoPt) based alloy having a high ccercive force.
In the thin film recording medium, the magnetic layer is
divided into two magnetic films with a nonmagnetie
intermediate film of chromium (Cxy) interposed
therebetween. This structure is helpful to reduce a
noise during rzeproduction. More specifically, the
resultant magnetic layer ia composed of a First magnetic
CoPt film, a nonmagnetic Cr film, and a seconﬁ magnetic
CoPt £1ilm, which axe stacked in t.his. order.. I+ is also
known that an underlyling layer of Cr provides a favorable
crystal structure for the magnetic CoPt film when placed
under the thin magnetic film.

However, the above-mentioned mggnetic recording
medium which comprises the underlying-Cr layer, the first
magneiic CoPt £ilm, the nonmagnetic intermediate Cr £iln,
and the second magnetic CoPt £ilm exhibits ingufficient
or unsatisfactory properties for a recording medium,
such as coercive force, a reproduction output (product
of residual magnetization and £ilm thickness), and a
signal=-to~-noise (S8/N) ratio when it is manufactured with
an in-line sputtering apparatus.

In addition, it has been found out that the

magnetie recording medium having the ahove-mentioned



In order to overcone this problem U S. Patent No. 4,652,499 which is
| ssued to Howard proposes to.add a second or different netal to the Cr
underl ayer to inprove-the |attice constant. Tﬁé“ﬁ?TéﬁféTfon‘arung t he

C-axis can be inproved for the magnetic |ayer thi@sgeed Lk gﬁ m c§ or

boundary by neans of changing the lattice const y under| ayer
by addition of the different netal to the O aI s about an

i mprovenent of the coercive force or coercivity ness. The
present inventors have found, as a result of detalled conS|derat|on, t hat
the resultant recording nediumhas a sigpificantly |larger noise as a result
of the addition of the different netal to the underlying C

strueture is liable to a reduction in coexcive force as
compared with a gsingle magnetic recording layer and is
insufficient in over-writing properties.

Summary of the Invention:

It is an object of the present invention to
provide a magnetiec recording medfum which has improved
properties, such as coercive force {(Hc), a reproduction
output,, and a signal-to-noise (S/N) ¥atio.

It is another object of the present iavention to
provide a magnetic recording medium which has good over-
writing properxties and which can reduce noiee.

It is still another object of the present
invention to provide a3 magnetic recording mediunm which
has a magnetic layer divided into a plurality of magnetic
£ilms with a nonmagnetic intermediate film interposed
thexebetwesn and which exhibits improved magnetic

properties.
It 19 yet another object of the present invention

to provide a method of manufacturing a magnetic recording
mediuﬁ. which can control crystal lattice plane distances
{(eimply called cxystal lattice plane distgnces_hernin—
under) of both an underlayer of Crv and a magnetic film
of a CoPt-based alloy g0 as L0 coptimize the magnetic
properties of the magnetic recording medium,

A magnetic recording medium to which the present
invention is appliéable comprises a magnetic film whi&h
includes at least both Co and Pt and which is specified

by a bexagonal clogse~packed (hcp) crystal struwcture



3 layer. Another thin filmrecording nmediumis disclosed in Japanese

Unexami.ned Patent Publication No. Hei 2- 210614, nanely, 210614/1990. The

di scl osed thin ﬁ#LﬂLP&G@Pang medi-um consi sts of a magnetic |ayer of a
-cobal t- platinum CoPt) bhased aIIo having a high coercive force. In the

t hi n f|In1recorJP fﬁfh iE netlc layer is divided into two magnetic

filme with a nonna diate filmof chromum (C) interposed
having (002) planes remote from each other by a first

t her ebet ween.  Thi hel pful ‘to reduce a

crystal lattice plane distance d(ooz) and an underlying
Gfilm vwhich ineludes Cxr and V, which is contacted with the
magnetic £ilm, and which is specified by a body-centered
cublic (kcec) erystal structnre.having (110) planes distant
from each other by a second crystal lattice plane
distance a(llo)' According to an aspect of the present
invention, the £iret and the second crystal lattice plane
distances a{002) ané d(llO) have a difference which falls
within a range between 0.002 and 0.032 angstzom.
Specifically, the diffe:ence is given by subtracting the
Seccnd_e:ystal lattice plane distance 8(110) by the first
erystal lattice plane distance d(oozi. -

Accorxding to another aspect of the present
invention, a magnetic recording medium comprises a
substrate, an underlying layer of a nommagnetic material,

-and a lamina on the underlying layer. The lamina
comprises a firut magnetic film which ig brought into
contact with the underlying layer, a nommagnetie
intermediate film which ia deposited on the first
magnetic £film and which is formed by a CrV based alloy
and spscified by a body-centered cubic (dbec) crystal
styucture having (110) planes distant from each othexr by
a crystal lattice plane distance 6(110). and a second
magnetic £film which is deposited on the nonmagnetic
intermediate £ilm thch includes Co and Pt ae primary
components and which is specified by a hexagonal cloge-

packed (hcp) crystal structure having (002) planes remote



noi se during

is conposed of a first magnetic CoPt film a nonmagnetic Cr film and a

second magnet

However, the
underlylng Cr
i nt er medi at e

i nsufficient or unsatisfactory propertiges for a recording nedlun1 suc

reproduction. More specifically, the resultant magnetic |ayer

ic CoPt film which are stacked in this order. It is also
known that an underlying layer of O provides a favorable-erystal structure
for the magnetic CoPt film when placed under the thin ne I C f|Im

above- nenti oned nmagnetic recordi ng nedi um
| ayer, the first magnetic CoPt film the non ‘

Cr film and the second magnetic CoPt filmex

Re

D lheed’

coercive force, a reproduction output (product of residual nagnetlzatlon
and filmthickness), and a

from each other by a crystal lattice plane distance
(002). The crystal lattice plane distances d(ooz) and
(110) have a difference which 18 given by d(002)'d(110)
and which falls within a range between 0.002 and 0.032
angstrom. It has been confirmed that the coercivity (Be)
and the S/N ratio are deteriorated when the difference
6(002)'6(110) is less than 0.002 angstrom and is gzeater
than 0.032 angstyom. Preferably, the difference 6(002)'
6(110) may be restricted to a range between 0.014 and
0.030 angstrom in order to obtain a higher S/N xatlio.

Accord@ing to still another aspect of the pzresent
invention, 2 method is for use in manufacturing a
magnetic recording medium as mentioned above and
comprises the step of successively depositing, by
sputtering, a nonmagnetic underlying film of a Crv based
alloy and A magnetlic £11m of a CoPt based alloy om the
nonmagnetic underxlying film, at a temperature range
between 250 and 425C under an argoﬁ gas pressure between
0.5 and 10 mTorr. Preferably, the temperature falls
within a range between 300 and 400°C while the argon gas
presgure falls within a range between 1 -and 8 mTorr.

In addition, the first magnetic f£ilm also
includes Co and Pt as primary components and 1s specified
by a hexagonal close-packed (hop) crystal structure
having (002) planes remote from each other by an
additional crystai lattice plane distance d(002)' In
thig event, the underlying layer may include an

additional nonmagnetic f£ilm of a Crv based alloy which is



signal-to-noise (S/N) ratio when it is manufactured with an in-1line
sputtering apparatus. In addition, it has been found out that the magnetic
recordi ng medi um havi ng t he above-nenti oned 4 structure is liable' to a
-reduction in coercive force as conpared with a single magnetic recording

| ayer and is insufficient in over-witing properties—Sumrary- of the

I nvention: It is an object of the present #M¥§Héekﬂgséé’enﬂie°}ék9de a magnetic

recorsie e umy e nes Torover

contacted with the first magnetic f£ilm and which is

specified by a body~centered cubic {baoe} erystal
structure having (110) planes distant from each other by

a subsidiary crystal lattice plane distance & The

110} °
additional and the subsidigry crystal lattice(pla;e
digtances 6(002) and 6(110) i5 given by a difference
which 1s given by 6(002)-6(116) and which falls within a
range between 0.002 and 0.032 angstrom.

The magnetic f£ilm of a COPt-baseﬁ alloy may be
formed by a CoPt{Cr alloy which includes 4-20 at.2 of Pt
and 3-30 at.® of Cr and may be preferably combined with
the underlying £film or the nonmagnetic intermediate filim
of a CrV alloy which includes 4-40 nﬁ.% of § and
preferably, 10-20 at.% of V. With this combination of
the magnetic £ilm and the underlying film or the
nonmagnetic intermediate £ilm, uniform crystallization
can be accomplished in the magnetic £ilm and the
underlying film or the nonmagnetic intermediate £ilm
because they have uniform particle sizes. Moreover, such
a camiinatton nmakes it possible té control the difference
dcooz)'a(xlo) within the above-mentioned range.

The underlying layer which includes the
underlying £ilm of the CxV-based alloy brought into
contact with the magnetic film may also include at least
one nonmagnetic underlying film situated under and
cont.acted with.the-uaderlying film of the CyV-based
alloy. The nonmagnetic underlying film may be preferably

composed of a metal, such as Cr, Ti, Ta, 2Zr, or the like



properties, such as coercive force (Hc), a reproduction output, and a
signal “to-noise (S/N).ratio. .1t is another object of the present invention
to provide a magnetic recording nedi umwhich has good over- witing «
“properties and WhAi ch can reduce noise. It is still another object of the
present inventi Pris ERed)HAY B&h Repieemet i ¢ recor di ng nedi um which has a

magnetic |ayer di v - urality of magnetic filnms with a
nonmagnetic inter !
| nproved nmagneti c )

t erposed t herebetween and which exhibits
i nvention to provide a nethod of manufa

Is yet {anot her object of the present
cturing a magnetic recording nmedi um
whi ch can control crystal lattice plane distances
which has a body-cantered and close~packed crystal

stxructuaxe and which bhas uniform cyxystal particles and
good crystallization. Such a nonmagnetic underlying £iim
of the body-centered and close-packed ¢rystal structure
may have a thickness between 100 and 1000 angstrome to
obtain the uniform particle sizes. Preferably, the
thickness of the noomagnetic undéxlying film nmay be
between 100 and 800 angstrome in view of higher
coercivity and a higher S/N ratio. In addition, the
ratio of the CrV undexlying film to the nonmagnetic
underlying film of the hody-centered and close-packed
.erystal struocture may fall ﬁlthin a range between 0.05
and 0.5 in order to improve the coercivity and the S$/N
ratio.

Furthermore, a2 different nonmagnetic underlying
£ilm may be located betwaen the subetrate and the above-
mentioned nommagnetic underlying £ilm of the body-
centered and close~packed ¢rystal structure and may be
rormed by Al, Ti, Zr, or the like. The diffexent
nonnaénetic nnderlying film aay have a thickness falling
within a range between 10 and 100 angstroms. The range
may be deterxmined by uniformity of the'particle sizes
included in the nonmagnetic underlying film of the body-
tentered and close-packed crystal structure. In the
light of the coercivity and the §/N ratio, the thickness
of the different nanmagnetic underlying £i1lm may be

restricted to a range bhetween 30 and 80 anygstroms.



(sinply called crystal lattice plane distances herein- under) of both an
under | ayer -of CrV and a magnetic filmof a CoPt-based alloy so as to
optim ze the magnetic properties of the nagnetic recording nedium A

. magnetic recording nediumto which the present invention is applicable
conprises a magnetic filmwhich includes at |east both Co and Pt and which

I s specified by a hexagonal cl ose-packed (hcp) crystal structure 5
-having (002) planes renote fromeach other by a first crystal lattice plane
di stance d[err] and an underlying This Sheet Has Been Replaced

Brief Description of the Drawing:

Fig. 1 ie a sectional view of a magnetic
recording medium aceording to a ﬁx"st emhodiment of the
present invention;

¥ig. 2 is 2 plan view of an in-line spunttering
apparatus for use in manufacturing the magnetic recording
medium illustrated in Fig. 1i;

Fig. 3 is a sectional view of a magnetic
recording medium according to a4 second embodiment of the
present invention; and ' ‘

Fig. 4 is a plan view of an in-1line gputtering
apparatus for use in manufacturing the magnetic recording
medium 1llustrated in Fig. 3.

Description of the Preferred Embodiments:
Firet Embodiment: '

First Exgggle‘of the First Embodiment.:

Referring to Fig. 1, a magnetic recording médium
according to a first embodiment of the present invention
is structured as a first example by a glass substrate 1,
an underlayer 2 on the glass substrate 1, and z single
magnetic £1i1lm 3 on the underlayer 2. On'the magnetic
£1lm 3, a protecticn layexr 4 and a lubricant layexr 5 are
successively deposited by the use of an in-line
sputtering aspparatus.

More specifically, the glass substrate 1 is

- formed by alnminoslllCate glass and is subjected to
mirrox finish to provide a mirror finighed surface which

has a rocughness Ra of 50 angstroms. The underlayexr 2 1is



filmwhich includes Cr and V, which is contacted wwth the magnetic film
and which is specified by a bo centered cubic (bcec) crystal structure
havi ng (110) pl anes di stant frorﬂ stfieen Replacegecond crystal |attice
Pl ane distance d[err]. According of the present invention,
the first and the second crystal di stances d[err] and d[err]
have a difference which falls within a range between 0.002 and 0. 032
angstrom Specifically, the difference is given by subtracting the second
crystal lattice plane distance d[err] by the first crystal lattice plane
di stance d[err]. According to another agpgect of the present invention, a
magneti c recordi ng nmedi um conpri ses a substrate, an underlying | ayer of a
nonmagnetic materi al
formed by a first thin film 2a of Al deposited on the
glass substrate 1, a second thin £ilm 2b of Cr on the
first thin film 2a, and a thivrd thin film 2¢ of CzV on
the second thin film 2b. The €irst thin film 2a of Al ig
deposited to a thickness of 50 angatroms while the second
thin £i1m 2b of Cx 1s 600 angstrome thick. Moreover, the
third thin £film 2c of CrV is deposited to a thickness of
50 angstroms and has a compesition ratio of 86 at.s of Cr
and 4 at.% of V.
The {llustrated magnetic film 3 1s formed by an
alloy of CoPtCr and is depousited to a thickness of 500
angstroms. JYn addition, the magnetdc £film 3 comprises 78
at.% of Co, 11 at.% of Pt, and 11 at.s of Cr.
, In the example illustrated, the protection layer
4 is composed of a f£irst protection film 4a deposited on
the magnetic film 3 and a gsecond protection £ilm 4b on
the first protection £ilm 4a. The first protection £ilm
4a 1s formed by & Cr £ilm of 50 angstroms and seves as a
chemical protection film for the magnetic f£film 3 while
the sécond.protection film 4b {5 formed by a silicon
oxide f£ilm of 150 angstroms thick in which baxd fine
grains are dispersed. The second protection film 4b
gerves {10 provide wear rasistance.
The lubricant layer 3 is formed by perfluoro-
polyether (PFPE) and 1s operable to mitigate a contact
with a magnetic head.
Referring to Fig. 2, description will be now

directed to an in=line sputtering apparatus which 1s used



and a lam na on the underlying layer. The |l am na conprises a first nmagnetic
fil mwhich i's brought into contact with the underlying |ayer, a nonmagnetic
intermediate filmwhich is deposited on the first magnetic filmand which
is formed by a CrV based alloy and specified by a body-centered cubic (bcc)
crystal structure having (110) planes di stant from each-other—by—a-crystal—
| attice plane distance d[err], and a second magnetic fil s hi '

ch, i
deposited on the nonmagnetic internediate filmwhich inclu et Has placed
primary conponents and which is specified by a hexagonal c - ﬂ "
(hcp) crystal structure having (002) plagies renote

t¢ manufacture the magnetic recording wedium illustrated
in Pig. 1. The in-line sputtering apparatus 10 comprises
a pallet locad chamber (namely, a loadlock chamber} 11, a
sputtering chamber (vacuum chamber) 12, and a pallet
unload chamber 13 all of which are ¢opnected in line 0
one anothexr through éartitien walls 14 and 21. The
1liustrated sputtering chamber 12 is divided into a £irst
sputtering chamber 12a and a second sputtering chamber
12b coupled to each other threough a partition 21.

Practically, each pallet 18 is loaded with a
plurality of glass substrates which axre directed upwards
and downwards of Fig. 2. Under the circumstances, when
the pallet 18 is introduced into the pallet load chamber
11,' the pallet load chamber 11 is exhansted from an
atmospheric prassure to a degree of a vacuum which 13
similar to that of the first and the second sputtering
chambers l2a and 12b. Thereafter, the partition wail 14
is opened to introduce the pallet 18 into the first
gputtering chanber 1l2a.

Within the first sputtering chamber 12a, the
glass gubstrates mounted on the pallet ‘18 is heated by a
lamp heater 19 at a temperature of 3001f for one minute.
Then, the pallet 18 is transferred or transported at a
transfer speed of 1.2m/min. and allowed@ t¢ successively
pass between targets 15a and 16a of Al and therxreafter
betwaeen the targeis 15b and 16b of Cr. Since the targets
15a and 162 and the fellowing targets 15bp aﬂd 16b are put

in discharge states with an argon gas Kept at a pressure



6 from each other
lattice plane dis
by d[lerr]-d[err]

by a crystal lattice plane distance d[err]. The cryst
tances d[err] and (110) have a difference which is giv
and which falls within a range between 0.002 and 0. 032

al
en,

angstrom It has been confirnmed that the coercivity (Hc) and the S/INratio
are deteriorated when the difference d[err] -dl-err]—4s-less-than 0.002

angstromand is g
dierr]-d[err] may
in order to obtai
provi des a magnet
| ayer of a nonmag

| am na conpri sing:

reater than 0.032 angstron1 Preferab , the dlfference

be restricted to a range D ‘@ 030 angs
n a higher S/INratio. Thus, i I nvention
I c recording nediun1cqppr|5|n an underly
netic material, and a |l am na on the underlylng | ayer,

t he under|yi ngofayemTordi ahe ferstcnino £aDdes P2a am@ RheBEF ORI TEHRN! S;

films 2b are deposited on both surfaces of each glass

substrate 1 mounted on the pallet 18, The targets 15a

and

16a are supplied with electric power of 300 waittis

while the targete 15b and 16b are supplied with electric

power of 1.5 kilowatts.

Next, the pallet 18 is transported through the

partition 22 t¢o the second sputtering chamber 12b which

has

the

a heater 20. Ths transported pallet 18 is heated by

heater 20 again to a emperature of 375C for one

minute within the gsecond sputiering chamber 12b. Within

the

i6c,

16e

second sputtering chamber 12b, Crv targete 15c and
CoPLEr targets 154 and 164, and Cr targets 1Se and

are successively arranged in a transportation

direction of the pallet 18 and are put into discharged

states. The second gputtering chamber 12b is filled with

an argon gas of 1,3 mTorr. Under the circumstancas, the

pallet 18 is allowed to snccessively pass between the CxV

targets 15¢ and 16¢, the CoPiCr targets 154 and 164, and

the

ci targets 15e and 16e at a transfer speed of 1.2

m/min. In this event, the CrV targets '15¢ and 16ec, the

COPLCYr targets 15d and 164, and the Cr targets 15e and

ibe

are supplied with electric power of 500 watts, 1.2

kilowatts, and 500 watts, respectively.. In addition,

the first and the second sputtering chambers l2a and 12b
are kept at a preséure which is equal to or lesa than 5 x
10°% Torr.

trom

I ng
sai d

a first magnetic filmwhich is brought into contact with



a nonmagneti ¢ internediate filmwhich is deposited on the first magnetic
film which includes O and V, and-whi-ch—+s-—specified by a body-centered

cubic (bcc) crystal structure hﬂ}{é% A eegl g%eadi stant from each ot her
by a crystal lattice plane distant second magnetic filmwhich
I s deposited on the nonmagnetic |3ME H' rm whi ch includes Co and
Pt, and which is specified by a h J packed (hcp) crystal
structure having (002) planes renote fromeach other by a crystal lattice
pl ane distance d[err]; the second magnetic film and the nonmagnetic
intermediate filmbeing specified by a,difference between the crystal

| attice plane distance d[err] and the crystal lattice plane distance
dlerr], the difference being given by subtracting the crystal lattice plane
di stance d[err] from consetvently, ahini erspd aiarrdifitange, disr] and falling
wi thin a range between 0.002 and 0.032 angstrom In another form the

i nvention pro/iRERetdarfdAn 3¢ IRt ANG F4ravdxatecsiphi §1lny 4n are

successively deposite@ to the thicknesses of 50, 500, and
50 angstroms, respectively, as mentioned in conjunction
with Pig. 1. _

Aftex completion of the deposition based on the
sputtering, hydrophilication is conducted by washing the
fixrst protection Cr £ilm 4a by the use of isopropyl
alcohol) (IPR). Thereafter, the second protection f£ilm 4b
is formed on the first protection film 4a by immersing
the above-mentioned gubstrate within an organic silicon
compound solution {a solution of water, IPA, and
tetraethoxysilane) in which fine particles (a particle
size of 100 angstroms) of silica'are dispersed.

Finally, the lubricant layer 7 is formed On the
second protection £ilm 4b by a dipping process using
perfluoropolyethex (PFPE). Thus, the magnetic reco¥ﬂing
medium illuatzated in Fig. 1 1s manufactured as the first
exanple by using the in-line sputtering apparatus shown
in P:lé. 2. The first example may be considered as a
magnetic disk withont loss of generality.

The wmagnetic disk so cbtained has been measured
in connection with coexcive force, a product Mrd (simply
called the product Mrd )} of residual magnetization an&
thickness, and a signal~to-noise ($/N]} rxatio by
conducting a :unning test with a magnetic head floating
height kept at less than 0.075 g m. The results are

shown in Table 1-l1 bhelow. Table 1l-=1 also shows a



substrate, an underlying |ayer of a nonmagnetic material, and a | am na on
the underlying |l ayer, said lamna conprising: a plurality of magnetic filns
each of which includes Co and Pt and whi ch has a hexagonal cl ose-packed

- (hcp) crystar—structure having (002) planes renote from each other by a

first crysta-\rhigg,;geitggs;ggearkzﬁgg&; ance d[err]; 6a a plurality of

nonnmagneti c int i each of which is interposed between two
‘adj acent ones cim% lﬁg@ FB
specified by a £ cubi-c (bcc) crystal structure having (110)

films, which includes Cr and V, and which is
pl anes distant fromeach other by a secbhd crystal lattice internediate
distance d[err]; the first and the second |attice plane distances d[err]
and dferr] hawcggpgaﬂ_;.;gra?n ea t.hickngss of the third thin f1ilm 2¢ of

CrV, a2 heatling temperature of a substrate (abbreviated to
a substrate temperature), and an Ar gae pressure together

with the coercive force, the product Mré , and the S/X

ratio.
Table 1-1
Exgn- | Magmevic | 3rd Thiu Filn |Subst- |ar Gas | EHc |Mcs | S/N d002)-
ple Pilm (3) (2c) rate | Pres- Batio | dey1q)
Cozposition Teape~ | Sure
5004 Composi- | Thick~ | rature
tion ness (memt:
(ath) (atx) (R) | (%) | (xTorr) {(De) | /en?) | (@B) | (X)

1 | CopgPryyCryg | Crog¥s 50 315 | 1.3 j1820|2.11 {31.5 |+0.028
2 " " 100 ars | 1.3 {1980 2.07 |31.7 |+0.027
3 v " 50 300 | 1.3 [1810)2.30 [31.0 |+0.032
4 " L 50 315 | 5.0 |1850}2.10 |31.2 |+0.032
5 " Crag¥ig | S50 | 375 | 1.3 |[z2070)2.19 |a2.9 ]+0.02
6 . ' 100 315 | 1.3 (200(2.20 {33.2 |+0.024
7 ‘o v 20 5 | 1.3 |1960{2.08 |33.0 |+0.026
8 v ' 50 300 { 1.3 {1910]2.10 }32.0 |{+0.028
9 . o 50 315 5.0 {18900)2.13 |32.2 |+0.029
10 " Crgg¥zp | 50 ars, | 1.3 |19570)2.19 {32.5 |+0.035
1 " " 100 315 | 1.3 |2000)2.09 |32.8 |+0.024
12 ' " 20 375 | 1.3 |1950|2.03 |32.8 {+0.015
13 " " 50 300 | 1.3 [1900)2.10 {32.4 |+0.01B
14 v ' 50 275 | 5.0 j1o00]2.10 {32.3 |+0.020




between 0.002 and 0.032 angstrom According to still another aspect of the
present ‘invention, a methed is for use in manufacturing a magnetic

recordi ng medi um as nenti oned above and conprises the step of successively
depositing, by sputtering, a nonmagnetic underlying filmof a CrV based
alloy and a magnetic filmof a CoPt based alloy on the nonmagnetic
underlying film at a tenperature range between 250 and 425[err] C under an
argon gas pressure between 0.5 and 10 niforr. Preferably, the-tenperature
falls within a range between 300 and 400[err]C while the argon gas pressure
falls within a range between 1 and 8 nifasr. According to tHi Be: placed
invention provides a method of nmanufacturing a magnetic recor E m

whi ch conprises an underlying filmand a magnet ic filmdeposi

underlying film the method conprisingabk Xteps of: successively
depositing, at a predeterm ned tenperature under a predeterm ned argon gas

pressure, the underlying filmof a CQV-based alloy which has a body
centered- fekune| Cigigetic SIrusd UAS MRECi foamBa-ir Gid () 5P| PRAS 13y A drposst P
lattice pl ppie df stralCE)d[ £rr] (2¢) rate | Pres- Ratio | g..50
S00R ComposS~ | Thick- { rature
tion . Dess {memu
(at¥) (21%) (X) | () { (aTexr) | (0e) | /o) | (@B) | (X)
15 | CopgPts;Crag | CreqVeg so0 | 315 | 1.9 [12020]2.15 |31.4 |+0.006
16 (U ' 100 315 1.3 1950 | 2.20 | 31.6 | +0.007
1 v ' 20 _375 1.3 19201 2.08 | 31.6 +0.006:
18 T " 50 300 | 1.3 {1820]2.10 |31.2 |+0.m2
19 . " 50 376 5.0 1850 12.10 {31.2 {+0.010
20 " Crgp¥ap 50 375 1.3 {1880 2.10 |31.2 |+0.002
2 " X 50.| 300 [ 1.3 {1800)2.20 {31.2 [+0.005
2 " _— 0 | 915 | 5.0 lissolz18 [31.1 [+0.008
23 bl Crg3V§Zr3 50 375 1.3 202012.22 |33.7 |+B.027
24 ve CrggVioZr, | 50 ars 1.3 12080 2.24 |{84.2 |+0.024
25 " OrpVagZrs | 50 a75 | 1.3 {2040}2.20 |33.6 |+0.035

Herein, it is to be no.ted that t.ﬁe magnetic £1ilm
3 of CoPtCr ls structured by a hexagonal-close-packed
{(bcp) crystal which has (002) planes and a f£irst crystal
lattice plane distance d(WZ) between the (002) planes
while the third thin film or third underiayer 2¢ of CrV

which is brought into contact with the magnetic film 3 is
stxuctured by a body-cubic-centered crystal which has

(110) planes and a second c¢rystal lattice plane digtance -
a(llﬂ)' In Table 1-1, a difference obtalned by subtract=
ing the second crystal lattice plane distance 6(110) from



and thereafter the magnetic filmof a CoPt-based alloy which has a
hexagonal cl ose-packed cr.ystal- structure specified by (002) planes and a
crystal lattice plane distance d[err]; the predeterm ned tenperature and
t he predeterm ned argon gas pressure belng sefected so that—a di fference
obt ai ned by subtracting d[err] fron1d[err]FL?bh§ ﬁhggé &5 and 0. 032

angstrom In addition, the first magnetic and Pt as
pri mary conponents and may be specified by a e packed (hcp)
crystal structure having (002) planes renote by an
additional crystal lattice plane distaabe dlerr]. In thls event, t he

underlying |ayer may include an additional nonmagnetic filmof a CrV based

all oy which is
and

7
the first crystal lsttice plane distance 6{002)

9110)" .
On evalvating the S/N ratio, a thin £ilm bead has

been used which has a floating helght of 0.060 zm. 1In
this event, recording and reproduction outputs were
measured at a track recording density of 80 kfel with a
relative speed kept at 5.4m/35 between the thin £ilm head
and the magnetic disk. In addition, a nolse spectrum Of
-the magnetic dlsk was measured Guring signal recording
and reproduction of the magnetic¢ disk by a spectrum
analyzer which had a carxier fregquency and a measuring
bandwidth which were get to 8.5 MHz and 20 MH2, respec-
tively. The thin £ilm bead used in the measurement bad a
¢ coil turn nunber of 60, a track width of 4.8 gm, and a
head gap length of 0.25 zm. As shown in Table 1-1, the
first example )l has the difference between d(002) apd
which is egual to +0.028 angstrom.

d(110)
Second through twenty-£ifth examples 2 t0 25:

Second through twenty-second examples 2 io 22
accoréﬁng to the fixst embodiment of the present
invention are enumerated along with the first example 1
in Tables 1-1 and 1-2. Herein, the second through the
twenty-second examples 2 to 22 are manufactured in a
manner similar to the first example excapt that the
compositions and the thicknesses of the thixd thin films
or thirxd nnderlaye%s 2¢ are changed together with the

substrate temperatures and the argon gas pressures.



contacted with the first magnetic filmand which is specified by a
body-centered cubic (bcc) crystal structure having (110) planes distant
fromeach other by a subsidiary crystal lattice plane distance d[err].. The
‘addi tional and- Lhe—subs1d1ary crystal lattice plane distances d[err] and

dlerr] is given b &haedwhi ch is given by dferr]-d[err] and which
falls withinTa® 0 002 and 0.032 angstrom The nagnetic fil m of
a CoPt - based al M“!med by a CoPtCr all oy which includes 4-20 at.%
of Pt and 3-30 may be preferably conbined with the

underlying filmor the nonmagnetic integpediate filmof a CV alloy which
I ncl udes 4-40 at.% of V and preferably, 10-20 at.%of V. Wth this

conbi nati on of
Each of the twenty-third through the twenty-fifth

examples 23 to 25 according to the first ambodimeat of
the present invention is specified by the £irst thin
£ilm, namely, the first underlayer 2a of Al which has the
thickness of 50 angstroms and the roughness Ra of 10
angstroms and which %12 depogited by sputtering. 1In
addition, each of the twenly-third through the twenty-
£1fth examples 23 to 25 has the third thin film, namely,
the third underlayer 2c of a CrVar alloy whick has the
thickness of 50 angstroms and which has the compgsition
shown in Tables 1-1 and 1-2. Furthermore, the protection
layer 4 in each of the twenty=-third through the twenty-
_£ifth examples 23 to 25 is formed by a single film of
carbon whie# is deposited by sputtering.

_The second through the twenty-fifth examples 2 to
25 were manufactured as maghetic disks and subjected to
running tests with the floating height of a magnetic head
kept at less than 0.075 zm. All of the examples 2 to 25
exhibited excellent results. In addition, the coesreive
f.orce- (Ec), the product (Mrd ), and the §/N ration were

' also evaluated in the manner mentioned in csnjunction
with the firgt example 1.

‘As shown in Tables 1-1 and 1-2, it has been found
out that the differences between the crysta) lattice
plane distance d(ooz) of the magnetic film 3 of CoPtCr
and the crystal léttice plane distance 6(110} of the

third thin film 2¢ of CrV fall within a range between



the magnetic filmand the underlying filmor the nonmagnetic internediate
film wuniformcrystallization can be acconplished in the magnetic filmand
the underlying filmor the nonnmagnetic internmediate film because théy have
uniform particle sizes. Mreover, such a conbination nakes it possible to
control the difference d[err]-d[err] within the above-nentioned range. The
underlying layer which includes the underlying filmof the CV-based all oy
“brought into contact with the magnetic filmmay al so i nclude at |east one
nonmagneti c underlying filmsituated under and contacted with the
underlying filmof the CrV-based alloy.3ghe nonmagnetic underlying film my
be preferably conposed of a metal, such as G, Ti, Ta, Zr, or the like

0.002 and 0.032 ang=trom in the fiyst through the twenty-

fifth examples ) to 25.

Comparative Examples 1 through 6:

Provision has been made about first through sixth
comparative examples 1 to 6 80 aé to compara magnetlc
characteristics of the first through the sixth
comparative examples 1 to § with those of the first
through the twenty-fifih examples 1 to 25 according to
the preseant invention. In Table 2, the magnetic
characteristics of the fixst through the sixth
comparative axamples 1 to § are enumerated for

comparison.

*  Pable 2
Con~ Magnetic 9rd Thin Film |{Subst~|Ar Gas | Be {Mcd | S/N |d¢go2)~
para~| Pila (3) (3c) rate | Prea- Ratio de110)
tiva | Composition Tespo— | sure .
Pxan— 'S00R Coaposi- | Thick- { rature
ple tion ness (ﬁn
(atk) (at®) (X1 | €€) | (oToxr) | (o) | /em) | (dB) | (R)
1 |CopgPtyyCryz| oOr 80 | 35 | 1.8 ]1650}1.89 {28.5 |+0.035
2 e Crsg¥sp | 50 | 318 | 1.3 [|1e70{2.11 |20.6 |-0.015
3 o CrogVa 50 220 | 1.3 |17202.19 ‘| 28.8 |-+0.037
4 ' ' 50 375 {-18.0 {3920)1.80 |28.3 }+0.039
5 e Crgo¥ap | 50 430 | 3.3 [1880)2.78 {28.0 |-0.008
] ' " 50 315 0.2 [1730]2.15 |27.6 |-0.008
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8 which has a body-centered and cl ose-packed crystal structure and which
has uniformcrystal particles:and good crystallization. Such a nonnmagnetic
underlying fil mof the body-centered and cl ose-packed crystal structure may
‘have a thickness between 100 and 1000 angstrons to obtain the uniform
particle sizes. Preferably, the thickness of the nonmagnetic underlyihg
filmmay be between 100 and 800 angstrons in view of hng@@%egqggg

a higher SINratio. In addition, the ratio of the .CV und

t he nonmagnetic r“l ml1

19

As shown in Table 2, the firsi comparative
examﬁle 1 is similar in strcture to the first embodiment
of the present iavention except that the third thin £ilm,
namely, the third underlayer 3c 1s composed of Cr and
falls to include V. The second comparative example 2 isg
gspecified by the third thin ¥ilm of CxV which comprisee
50 at.% of Cxr and 50 at.% of V. | |

" .The third and the fourth comparative examples 3
and 4 are manufactured in a manner similar to the first
embodiment of the present invention except that the
substrate temparatures and the argon gas pressures are
varied on deposition of the third thin film 2c of CrvV.

Likewiase, the fifth and ﬁhe gixth comparative
examples 5 and 6 are also manufactured by varying_the
substrate temperatures and the argon gas pressures from
those of the twentieth example 20. '

The first through the sixth comparative examples
1 to 6 were subjected to running iests which avre similar
to those mentioned in conjunction with the first through
the twenty-fifth examples 1 to 25. In addition, the
caexcive force (He), the product (Mrd ), and the S/N
ratlo were measured as shown in Table 2. In Table 2, the
compositions and thicknesses of the third thin £ilms 2c,
the substrate temperatures, and £he argoh gas pregsures
are also shown along with the differences between the

- crystal lattice pl.a.ne distance dwoz) Of the magnetic

£ilm 3 of CoPtCr and the crystal lattice plane distance



underlying filmof the body-centered and cl ose-packed crystal structure nmay
fall within a range between 0..05 and 0.5 in order to inprove the coercivity
and the S/Nratio. Furthernore, a different nonmagnetic underlying film may
be | ocated between the substrate and the above- nentioned nonmagnetic
underlying filmof the body- centered and chSe packed crystal structure
and may be fornmed by Al, Ti, Zr, or the |ikgsslheHdl Bérmiplacednmagnet i c
underlying filmmy have a thi ckness falllng bet ween 10 and
100 angstrons. The range may be determ ned bym“}lﬂjﬂl\ﬁ“[mm the particle

si zes included in the nonmagneti c under3ddyi ng centered and
cl ose-packed crystal structure. In the

6(110, of the underlayer contacted with the magnetic
£film 3.

From Tables i-1, 1-2, and 2, it is readily
understoocd that the first through the itwenty-second
examples 1 to 22 which include the third thin £ilm of
CrV are improved in the coercive force (Hc), the product
{Mxd ), and the S/N ratio in comparison with the firsgt
comparative example 1 which includes the third thin £ilm
of Cr.

In addition, the twenty=-third through the twenty-
£ifth examples 23 to 25 vhich include the third thin
films 3c of CrVir are greater in the coercive force (Hc),
the product (Mrd ), and the S/N ratic than the first
comparative example 1. Espevially, addition of Zr to the
CxVv alloy is effective to reduce a noise and therefore to .
improve the 5/N ratio. In this event, it is prefe%able
that an amount of Zx falls within a range between 2 and 5
at.3, as shown in Table 1-2.

By comparing Tables 1-1 and 1-2 with Table 2, it
has been copfirmed that the differences “rooz)‘d(110)
between the crystal lattice plane distance di002) OFf the
magnetic film 3 of CoPt and the crystal lattiecs plane
distance 6(110) of the underlayer contacted with the
magnetic film 3 are variable in dependency upon the
compositions of the underlayers, the substyate tempera--
ture; and the a:gén gasg pressures.

For example, the third thin film, n&mely, the

third underlayer 2¢ of the third comparative example 2



i ght of the coercivity and the S/Nratio, the thickness of the different
nonnmagnéti c underlying fidlmmmay _be restricted to a range between 30 and 80
angstromns. 9 Brief Description of the EXamAng Fig. 1 is a sectional
view of a magnetic recordi ng midisBiretizeBdemBepiacea first enmbodi ment of the

present invention; Fig. 2 is a pl I n-l1ine sputtering apparatus
for use in nanufacturlng t he magn mediumillustrated in Fig.
1;

21

incliudes 50 at.% of V together with 5@ at.% of Cr. In
this case, the diffexence dtooz)'d(llo) is reduced to
-0.015 angstzom. Such a reduction of the difference
brings about a degradation of the $/N ratio, as compared
with the firet through the twenty-fifth examples 1 to 25.
From this faet, the amount of V in the Crv alloy used as
the third thin film 2¢c 1s desirably yrestricted to a range
between 4 and 40 atv.s.

In addition, it is readily understood £rom the
third through the sixth comparati?e examples 3 to 6 that
the differences d(ooz)'d(1xo) are also varied in
dependency vpon the substrate temperatures and the argon
gas pressuyes. fhis might. be based on the fact that a
lattice defect or distortion takes place within the £1ilms
due to process conditions and is varied with a change of
the substrate temperatures and the argon gas pressures.

Accordingly, the differences a(oozy‘dclxo) ;an be
controlled H;thin the range between 0.002 and 0.032
angstyom by adjusting the amount of ¥V included in the
third thin £1lm 2¢ together with the substrate tempera-
tures and the argon gas pressures. '

For instance, the third and the fourth compara-
tive examples 3 and 4 are identical in the compositions
and the thicknesses of the third thin £film 2c with the
first example 1 but are manufactured under tﬁe substrate
temperature and thé argon gas pressure which are
different from those of the first example 1. In the

third comparative example 3, the substrate temperature is



Fig. 3 is a sectional view of a magnetic recording nediumaccording to a

second enbodi nent of the:.present invention; and Fig. 4 is a plan view of an

in-line sputtering apparatus for use in manufacturing the magnetic ~

Tecording mediumillustrated in Fig. 3. Description of the Preferred

Enbodi ments: First Enbodinment: First Exanple of the First Enbodi nent:

Referring to Fig. 1, a magnetic recording medium according to a first

enbodi ment of the present invention is structured as a first exanple by a

gl ass substrate 1, an underlayer .2 ‘on the glass substrate 1, and a single
magnetic film 3 on the underlayer 2. 0?2t he magneti c

lowered to 220°C, which increasez the difference to 0.037
angstyom. As a re2ult, the coercive force (Bc) and the
8/N ratic are reduced t..o 1720 Qe and 28.8 4B, respec-
tively. 1In the fourth comparative example 4, the axgon
gas pressure is increased to 18.0 mTorr. Such an
increase of the argun gas pressure renders the difference
d(002)"d(110) into 0.039 angstrom. Thils zesults in

the reductions of Mrd and the S/N ratlio, as shown in
Table 2.

" Furthermore, each of the f£ifth and the sixth
cowparative examples 5 and 6 has the composition and the
thickness of the third thin film 2¢ which are identical
with thogse of the twentieth example 20 according to the

, present invention but is manufactuzred by the substrate
temperature and the argon gag pressure whicﬁ are

- different from those of the twentieth example 20.
Specifically, the £ifth comparative example 5 is
manufactured at the substrate temperature higher than the
wwentieth example 20, which reduces the differenée d(ooz;‘
dtllﬂ)-to ~-0,006. As a result, a reduction occuzs in Mrd
and the S$/N ratio, as shown in Pable 2.

On the other hand, the argon gas pressure is

reduced t0 0.2 mTorr in the sixth comparative example 6.
The sixth compazative example 6 has the difference “(nozl'
d.y19) Yeduced to -0.008 angstrom and the reduced

coercive force (nc} and the §/N ratio, as shown in

Table 2. n e

his Sheet Has Been Replaced

g




film3, a protection layer 4 and a lubricant |ayer 5 are successively
deposited by the use of an in-line sputtering apparatus. Mre specifically,
the glass substrate 1 is forned by alum nosilicate glass and is subjected
to mrror finish to provide a mrror finished surface which has a roughness
Ra of 50 angstrons. The underl ayer 2 is 10 formed by a first thin film
2a of Al deposited on the glass substrate 1, a second thin film2b of C on
the first thin film=2a, and a third thin film2c of CV on

23

Twenty-sixth through forty-third examples 26 to

43:

Twenty-sixth throngh thiriy-fifth examples 26 to
35 are manufactured in a manner similary to the firat
example 1 except that the compositions of the magnetic
£ilms 3 and the compositions of the third thin films 2c
are changed from those of the first example 1. Further-
more, thirty-sixth through forty-third examples 36 to 43
are manunfactured in a manner similar 10 the flrst example
1 except that both ©f the materials apd the ccmpésit&ona
of the magnetic £ilm 3 and the compositions of the
third thin £ilms 2c are varied from those of the first
example 1.

The sunning teste were made about the twenty-
sixth througp the forty-third examples 26 to 43 in a
manner similar to those mentioned above with the floating
keight of the magnetic head kept at’ 'less than 0.075 2z n.
The coercive force (Hc), the prodnct Mrd , and the 5/N
ratio were evaluated in connection Gith ea&h example 26
to 43: In Table 3, the compositions of the magnetic
films 3, the compositions and the thicknesses of the
third thin £ilms 2c, the gubstyate temperatures, and the
argon gas pressures are shown along with the coercive
force (He), Mrd , and the 8/8 ratio. Moreover, the
dlfferences the crystal lattice planme distance dtnoz) ang
the crystal 1a.tti;=e plane distanve d( 110) 2Te also

enumerated in Table 3. ———— —————
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the second thin film2b. The first thin film2a of Al is deposited to a

t hi ckness of 50 angstrons whil-e the second thin film2b of C is 600
angstrons thick. Mreover, the third thin film2c of CrV is deposited to a
t hi ckness of 50 angstrons and has a conposition ratio of 96 at.% of C and
4 at.%of V. The illustrated magnetic film3 is formed by an all oy of
CoPtCr and is deposited to a-thickness of 500 angstrons. In addition, the
magnetic film3 conprises 78 at. % of Co, 11 at.% of Pt, and 11 at.% of Cr.
In the exanple illustrated, the protectiogn |ayer 4 is conposed of a first
protection film4a deposited on the magﬂgtic film3 and a second protection -
film4b on the first protection filmd4a. The first protection film

Table 3
Bx- Magnetic 3rd Thin Film Suhst~ | Ar Cas He | Mré s/X d«mg)-
aw-| Film (3) (2c) rate | Pres- Ratio | deimy
ple | Composition Tempe— | sure )
5001 Composi= | Thick~ | rature
) tiom ness {mems
(atX) (atx) () [(C) | (uForr) | (Oe) {/cn®) | (dB) | (X)

26 | CaggPrsCryy CoggVip | 50 | 375 1.3 |1780)2.35 {31.,4 |+0.010

27 ¢ CrggV2g 50 375 1.3 3800 | 2.40 | 31.0 |+0.003

28 | CopyPtyplryy Cran¥10 50 375 1.3 12150 }1.98 }31.6 |+0.032

29 re . Craevag S0 318 1.3 (2220 )1.99 |32.4 .]4D.022

30 | CoggPty1Crs Cegp¥10 50 315 1.3 1860 | 2,35 }32.0 }-+0.030

8 L CragVzp | 50 | 375 1.3 {1000 )2.37 {32.5 |+0.020

32 |Co,PtyiCrys [CrgoVap | 50 | 315 1.3 |2120|2.03 {32.7 |+0.019

33 v Crag¥ag | 50 | 275 1.3 |2140{2.05 |31.8 |+0.009

3 CogaPtyCray crgovlo 50 ars 1.3 2230 {1.82 [ 31.5 {+0.012

35 " CrggVzp | 50 | 75 | 2.3 |2300{1.80 |31.0 |+0.008
36 | CogrPtyiTep Crgg¥so | 50 | 378 1.2 |1850|2.40 {30.1 |+0.026
37 L CrggV2g | 50 | 3715 1.3 |1880|2.41 | 30.5 |+0.029
38 | CoggPtyyTag CrggVy0 { 50 | 375 1.3 [1900 {2.26 |30.0- |+0.032
39 o Crgg¥0 | 50 | 375 1.3 1500 |2.38 |30.5 |+0.022
40 | CoygPty OryTay |Crgg¥ag | 50 | 375 1.3 {2020 |2.00 {33.3 |+0.025
41 e CrggVon | 50 | 213 1.3 [2980 |2.02 [33.0 |+0.017
€2 | CorgPeyyCryTes | CreqVip | 50 | 375 1.3 {2080 |1.70 |31.8 |+0.020
43 3 "lCranvae | S0 | s 1.3 {2080 [1.72 {32.2 |+0.021
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4a is formed by a O filmof 50 angstronms and serves as a chem ca
protection filmfor the magnetic film3 while the second protection film4b
is formed by a silicon oxide filmof 160 angstrons thick in which hard fine
“grains are dispersed. The second protection film4b serves to provi de wear
resi stance. The lubricant layer 5 is forned by perfluoro- ‘pol yet hér (PFPE)
and is operable to nmitigate a contact with a magnetic tmesheeN®dsHdeh Repibled

Fig. 2, description will be now directed to an in-line s at us
whi ch is used ﬂlmm[
25

The thirty-fifth examples 26 to 35 comprige the

third thin films, namely, the third underlayers 2o of CzV
and the magnetic films 3 of the CoPtCr alloy. 1In
addition, the amouat of ¥V in the third thin films 2¢ fall
within the range between 10 and 20 at.3. Under the
circunstances, high coercive force (Ec) and a high S/N
rxatio can be accomplished when each of the magnetic fllms
3 comprises 60-90 at.% of Co, 4-20 at.% of Pt, and 3-30
at.% of Cr. Preferably, the magnetic films 3 may
comprise 64-B4 at.% of Co,.5-18 at..% of Pt, and 5-18 at.%
of Cx in order tu achieve high coexcive force {(Hc) and
high $/N xatios.
As apparent from the thirty-sixtih through the
thirty-ninth examples 36 to 39 which comprige the
magnetic £ilms 3 formed by CoPtTa alloys, high coercive
foxce (Bc) and high S/N ratios can be accomplished when _
80~90 at.% of Co, 5-15 at.% of Pt, and 1-7 at.%: of Ea are
ineluded in the nmagnetiec fFilms 3. |
Furthermorxe, the fortieth through the forty-third

examplﬁs 40 10 43 comprise the magnetic £31ms 3 of
CoPtCrTa alloys. In this event, it is preferable that
70-80 at.3 of Co, 5-15 at.% of Pt, 5-25 at.s of Cr, and
1-7 at.% of Ta may be included in the magnetic films 3 of
the CoPtCyTs alloys ¢o0 a3 to cobtain high coercive foxce

(Be) and high S5/N ratios. °
) At any raté, the first throcugh the forty-third

examples 1 to 43 according %o the first embodiment axre

excellent in static magnetic properties, such as the



to manufacture the magnetic recording mediumillustrated in Fig. 1. The

I n-l1ire sputtering apparatus- 10 conprises a pallet |oad chanber (nanely, a
| oadl ock chanber) 11, a sputtering chanmber (vacuum chanber) 12, and*a
pal | et unload chanber_ 13 all of which are connected in line to one anot her

through partition walls 14 and 21. The illustrated sputtering chamber 12 is

18 is | oaded with a gl ass substrates which are directed

_divided into a fiThisSh mes§e¢ gtber 12a and a second sputtering chamber
12b coupled to each m a partition 21. Practically, each pallet

upwar ds and domnmar s of Frg. 2. Under e circunstances, when the pall et
18 is introduced into the pallet |oad chanber 11, the pallet | oad chanber
11 is exhausted from an

coexcive force, the product Mrd and in recording and

reprofuction properties, such as S/N ratios and OW. With
this structure, it has been coanfirmed that the magnetlie
disks formed by the ahove-mentioned examples have a large.
output and a reduced medium nois¢ even when a surface
recording density 1is increased to 500 Mb/1n2 or more.

Second Embodiment:

First sample of the second embodiment:

Referring to ®ig. 3, a magnetic recording medium
according to a second embodiment of the present inventlon
i3 similar in styucture to that illustrated in Pig. 1
except that a magnetic lamina 3a is subgtituted for the
magnetic £film 3 illustrated in Pig. 1. Specifically, the
magnetic lamina 3a is formed by a first magnetic fiim 31/
a second magnetic film 32, and a nonmagnetic intermediate
£ilm 33 interposed between the first and thc.second
magnetic films 31 and 32. ‘ '

In any event, the illustrated magnetic recording
medium will be called a £irgt zample s0 as to distinguish
the éecOnd embodiment from the axamples according to the
first embodiment and is structured by a glass substrate
1, an underlayer Z on the glass substrate 1, the magnetic
lamina 3a, a prxotection layer 4 on the magnetic lamina
3a, and a lubricant layer 3 on the protecticn layer 4.
The underlayer 2, the magnetic lamirna 3a, the protection
layer 4, and the inbricant layer 5 are successively
deposited on the glass substrate 1 by the use of the in-

line sputtering apparatus.



at nospheric pressure to a degree of a vacuumwhich is simlar to that of
the first and the second sputteangwehaﬁberS”IZa and 12b. Thereafter, the
partition wall 14 is opened to |ntrodu ﬁﬁ%&ﬁ%dl8 into the first.
sputtering chanber 12a. Wthin tBis ng chamber 12a, the gl ass
substrates nounted on the pallet 18 a | anp heater 19 at a
tenperature of 300[err]C for one m e pallet 18 is transferred
or transported at a transfer speed of 1.2n1n1n. and allowed to successively
pass between targets 15a and 16a of Al and thereafter between the targets
15b and 16b of Cr. Since the targets 15g4and 16a and the follow ng targets
15b and 16b are put in discharge states with an argon gas kept at a
pressure

Specifically, the glass subgtrate ) 1s composed .

of aluminosilicate glass and is subjected to mirror
£inish to provide a mirror finlshed sﬁrface which has a
roughness Ra of 50 angstroms. The illustrated underlayer
2 is foxmed by a firxst thin film 2a of Al deposited to a
thickness of 50 angstroms on the glass substrate 1, a
second thin £1lm 2b of Cr deposited to a thickness of 600
angstroms on the first thin £ilm 2a, and a third thin
£1ilm 2c of Cxrv deposited to a thickness of 50 angstroms
on the second thin film 2b. .In the first sample 1 of the
second embodiment, the third thin film 2c has a
- compogition of 86 . at.% of Cr and 4 at.% of V.

The first through the third thin £films 2a to 2¢
will be called first through third underlayers,
respectively, hereinunder. .

In the magnetic lamina 3a, the first magmetic
#3iim 31 hag the same materials as the second magnuiic
£11m 32 and 1o composed 0f a CoPLCr alloy which comprises
78 at.% of Co, 1) at.®s of Pt, and 11 at.3 of Cr. In the
1llustrated example, each of the first. and the second
magnetic films 31 and 32 has a thickness of 120
angstroms. On the other hand, the nonmagnetic
intermediate film 33 between the first and the second
magnetic £ilms 31 and 32 is composed of a CrV alloy
comprising 96 at.® of Cr and 4 at.% of V. The
nonmagnetic 1nt.arn-led.i.ate £ilm 33 is 50 angstroms thick
and thinnexy than the first and the second magnetic f£ilma

31 and 32.



12 of 5 milorr, the first thin films 2a and the second thin films 2b are
deposited on both surfaces of each glass substrate 1 nounted on the pallet
18. The targets 15a and 16a are supplied with electric power of 300 watts
while the targets 15b and 16b are supplied with el ectrit power of 1.5

kilowatts. Next, the pallet 18 is transported throug fﬁi iebd REPlackd tO

the second sputtering chanber 12b which has a heater orted
pallet 18 is heated by the heater 20 again to a tenpe i“'% nerr] C
for one
The protection layer 4 is composed of a first
protection f£ilm 4a depozited on the second magnetic £1lm
32 and a second protection film 4b deposited on the fixst
protection £film 4a. The first protection film 4a is
formed by a Cr film of 50 angstroms thick and serves as a
chemica)l protection film for the magnetic lamina 3a while

the esecond protection film 4b is formed by a silicon
oxide film of 160 angatroms thiek, In the second
protection film 4b, hard fine particles are dispersed to
provide wear resistance against a mechanical shock.

The lubricant layer 5 is formed by perfluoxo-
polyether (PFPEK) and sexves to alleviate a contact with a
magnetic head. ’ '

Referring to Fig. 4, description will be made
about a method of manufacturing the first example
illustrated in Fig. 3 by the use of the in-line
gsputtering apparatus. Like in Pig. 2, the illustraieﬂ
in-line sputtering apparatugs comprises a pallet locad
chambey 11, a sputtering chamber 12, and a pnilet unload
chamber 13 all of which are comnected in series to one
another, as shown in Fig. 4. In the 1;1ustrated exaﬁple,
partition walls 14 and 21 are located hetween the pallet -
load chamber il and the sputtering chamber 12 and between
the spnttering chamber 12 and the pallet unload chambex
13, respectively. In addition, the spultering chamber 12
is divided into a.first sputtering chamber. 12a and a
second sputtering chamber 12b coupled to each other

through a partition 21.



mnute within the second sputtering chamber 12b. Wthin the second
sputtering chanber 12b, GV targets 15c¢c and 16¢c, CoPtCr targets 15d and
16d, and Cr targets 15e and 16e are successively arranged in a

transportation direction of the pallet 18 and are put
states. The second sputtering chanber 12b is filled with
Under the circunstances, the pallet 18 is all oiil\/v'(qa]sgl &(}H)Zﬁiiggen%e

1.3 nilorr.

successi vely pass between the CrV targets 15c¢ and 16c¢, the
15d and 16d, and the Cr targets 15e and jbe at a transfer S
mmn. In this event, the CrV targets lg

and 16d,

500 watts,

¢

chambers 12a and 12b, target pairs are arranged in a
manner to be described to suécessively deposit the
underlayer 2, the magnetic lamina 3a, and the protection
layer 4 on the glass substrate 1 and to manufacture the
first sample 1 illustrated in Fig. 3.

‘ Practically, when the pallet 18 which i=
previously leoaded with a plurality of glaag substrates 1
is intrxoduced into the pallet load chamber 11, the pallet
load chamber 11 is exhausted from the atmospheric
pressure to a degree of vacuum which is similar to that
of the first and the second sputtering chambers 12a and
12b. Thereafter, the partition wall 14 is opened to
int.roQuce the pallet 18 into the fiést sputtering chamber
12a. _

Within the firet sputtering ehambéx 12a, each
gylass substrate 1 on the pallet 18 is heated by a iamp
heater 19 at a temperature of 300C for one minute.
Then, the pallet 18 is transfexred or transported at a
transpoxt speed of 1.2 m/min and allowed to pass between
the targets l15a and 16a of Al and thergafter between the
targets 15b and 16b of Cr.

Slnce the targets 15a and 16a of Al and the
targets 15b and 16b of Cr are put in discharge states
with the argon gas Kept at the pressuxe of 5 mTorr, the
first thin films '23 and the seconé thin £ilms 2b are
successively deposited in that order on both surfaces of

each glass substrate 1 mounted on the pallet 18. The

I nt o-dirscharged-

AEh

placed

and 16c¢c, the CoPtCr targets 15d
and the Cr targets 15e and 16e are supplled with electric power of

1.2 kil ovat t.thaRdeRe Oetvah! Snal € adcond! ¥pultesdd tion,



the first and the second sputtering chanbers 12a and 12b are kept at a
pressure which is equal ;to or less than 5" X I0[€rf] Torr. 13

Consequently, the third thin fik gﬁeayggsga@ﬁgaéﬁdflln13 and the first

. protection filmda are successiv t he thi cknesses of 50,
500, and 50 angstrons, respectlvel lﬂﬁm ﬂHmd in conjunction with Fig.
1. After conpletion of the deposit he sputtering,

- hydrophilication is conducted by washing the

30

targetg 152 and 162 of Al are supplied with the electric
power ©f 300 watts while the targets 15b and 16b of Cr
are supplied with the electric power of 1.0 kilowatts
during the sputtering. As a result, the first and the
second thin £ilms 2a and 2b have the thicknesses of 50
and 600 angstrom=, as mentioned azbove.

Subsequently, the pallet 18 1 transported or
transferred through the partition or port 22 to the
second eputtering chamber 12b which ha2s a heater 20. The
transported pallet 18 is heated by the heater 20 to a
temperature of 375C for ome minute'within'the second
sputtering chamber 12b.

In order to suceessive;y deposit the f£ilms
ilinstrated in Fig. 3 in the fllustrated oxder on the
gecond thin filmg 2b, CxV tavrgets 15¢ and 16¢, CoPtCr
targets 154 and 164, Crv targets 150 and 16e, CoPtCxr
targets 15f and 16£, and Cr targets 15¢ and 16¢ aré
arranged within the second sputtering chamber 12b and are
put in diacharge states with the argon gas kept at the
p:essﬁie of 1.3 mTorr. The pallet 18 is transported at
the transfer speed of 1.2 m/min between the respective
target palrs, namely, 15c and 16& to 15g and 164g.

During the transportation or movement of the
pallet 18, the third thin £ilm or third unde;layer 2¢ of
C:v,. the first magnetic £ilm 31 of CoPtCr, the nomnmagne-
tic intermediate éilm 33 of Crv, the gecond magnetic £11§
32 of CoPt(Cy,  and the first protection £ilm 4a of Cr are

successively stacked in that order on the second thin



first protection C filmd4a by the use of isopropyl alcohol (IPA).
Thereafter, the second protection filTm4b s formed on the first protection

filmd4a by inmrersing the abOMﬁB@ﬁ@&uQ@@Qe§R <gé@te W t hin an organic”
“silicon conmpound solution (a so , I PA, and tetraethoxysil ane)
in which fine particles (a partunmﬂmg ‘m 00 angstrons) of silica are
dispersed. Finally, the lubrica formed on the second
protection film4b by a di ppi ng process using perfluoropol yet her (PFPE)
Thus, the magnetic recording nediumillustrated in Fig. 1 is manufactured
as the first exanple by using the in-li3e sputtering apparatus shown in
Fig. 2. The first exanple may be considered as a magnetic di sk without |oss

of generality.
film 2b in the sBecond sputtering chamber 12b. In this

event, the Crv targets 15¢ and l6c and 1Se and 16e are
supplied with slectric power of 500 watts while the
CoPtCr targets 154 and 164 and 15f and 16f are supplied
with slectzric power of 300 watts. In additien, the Cr
targets \S5g and 16g are given electric power of 500
wvatis.

During the sputtering, the first and the sscond
sputtezing chambers 12a and 12b are kept at a degree of
vacuum which is egual to or legs than 5 x 1()'6 Torr.
Under the circumstances, the third thin film 2c of CrV
has the thickness of 50 angstroms while each of the firxst
and the second magnetic films 31 axnd 32 has the thickness
of 120 angstroms. Likewise, the nonmagnetic intermediate
£ilm 33 of CrV is 50 angstroms thick whgle the first
protection £film 4a ls 50 angstrons éhick, ;s mentioned
before. |

After completion of the above-mentioned
deposition, the first protection film 4a is washed by
isopropyl alechol (IPA) to conduct hydrophilication.
Thexeafter, the second protection £ilm 4b is formed on
the £irst protection film by immersing the above;
processed substrate within an organic silicon compound
solution and by firing the substrate to leave a silicon
dioxide film on the first protection film 4a. The
oxrganic silicon c&mpound solution may be, for example, 2
solution of water, IPA, and tetraethoxysilane in which

£ine particles of silica are dispersed which have a



The magnetic di sk so
force, "a product M[e
magneti zation and thi

obt ai ned has been nmeasured in.connection wth coercive
rr].(simply called the product M[err] ) of residual
ckness, and a signal-to-noise (S/N) ratio by .

“conducting a running
than 0.075 F@SS eat}ﬁh
shows a

a heating te
tenperature), an

test with a nmagnetic head floating height kept at |ess
Bemﬂ&nmmecare shown in Table 1-1 below. Table 1-1 al so
d a thickness of the third thin film2c of CV,
ubstrate (abbreviated to a substrate

Ar gas pressure tqgfthe

particle size of 100 angstroms.

Finally, the lubricant layer 5 i3 formed on the

secopd protection €£1ilm 4b by a Aipping process using

perfluoropolyether (PFPE). Thus, the first sample

accoxding to the gsecond embodiment of the present

invention is manufactured and is operable as a magnetio

disk.

Like in the first embodiment, the running test

was carried out with a floating height kept at 0.075 g m

in comnection with the first gsample 1. The first sanmple

1 exhibited an execellent result. Furthermore,

reasurement of the first sample 1 was made about the

coercive force (Hc), the product (Mrd ) of residual

magnetization and thickness, the S$/N ratio. Such '

measurgnent results are tabulated in Table 4-1.

Table 4-1 shows a composition and a thickness of

the third thin f4ilm 2¢ of CxV, a composition and a

thickness of the normagnetic intermediate £ilm 33, and a

substrate temperature and an argon gas pregsuxe on

depositing the third thin film 2c and the nomnmagnetic

intermediate £ilm 33 together with the coercive force

{Be), the product (Mré ), and the S/N ratie.

Hexein, each of the first and the second magnetic

£ilms 31 and 32 of CoPtCr has a hecp crystal strueture

having (002) planes distant from each other while each of

the third thin €£ilm 2c¢ and the nonmagnetic intermediate

film 33

of CxV has A bec crystal structure having (110)

planes distant from each other. A distance between the



with thg coerci ve force,

the product M[err]

and the S/INratio.

Table 1-1

Exam Magneti c 3rd Thin Film Subst- Ar Gas Hc M[err]
SIN d[err]- ple Film(3) (2c) rate Pr es-
Ratio d(110) Conposition . Tenpe- sure 500A
Conmposi - Thick- rature tion ness
(at9g (at % (A) ([err]C)  (nilorr) (Oe) /mﬂgn44m4ggy
(A 1 Co[err]Pt[err]Cr[err] Cferr]Vierr] 375Rl
1920 2.11 31.5 +0.028 2 heet HagBeen Replaggd;
1.3 1960 2.07 31.7 +0.027 3 33 .
300 1.3 1810 2.10 31.0 +0. 032 4
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2040 2.10

375 1.3
50 » 300

50

1.3

iﬁ%gm

375 -~

Il

[

100
Thisgﬁillellet Has Been Re

+0. 028
32.2

+0. 026 8

33.0
1910 2.10 32.0
1900 2.13

10.024 7
5.0

6

33.2

1950 2.08
1.3

375

Crlerr]V[err]

+0. 015 11

5

32.
15 Table 1-2

1970 2.19

+0. 014 12
+0. 015 13
+0. 018 14
+0. 020

1.3

32.8
32.8
3234
32.3

375
2000 2.09
1960 2.03
1900 2.10
1900 2.10

1.3

50
1.3
1.3
5.0

375
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375
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20
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50
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Exam Magneti c 3rd Thin Film Subst- Ar Gas Hc Merr]

S/ N d[err] pl e FiInJ(3)= (2c) rate Pr es-

Ratio d[err] Conposifion . ... Tenpe- sure 500A x
Composi - Thick- rature tlon ness (menu
(at9 thsSheetH s/Been Re (mTorr) (0Oe) /cnf err]) (dB)
(A 15 Co[err] i‘ Cr[err]V[err] 50 375

1920 2.15 31 4 100 375

1.3 1950 : 20

375 1.3 1920 2.08 31.6 +0 006 185 50
300 1.3 1820 2.10 31.2 +0.012 19 . 50
375 5.0 1850 2.10 31.2 +0.010 20 Crlerr]V[err]

50 375 1(992) pigpesowill be referzed v agla first crystal

0 B0 aeadbide ik o B e aqggy waie o
distance between the (110) planes will be referred to as
a2 gsecond crystal lattice plane distance and depicted at
d(llo)' as mentioned in conjunction with the first
embodiment.,

Herelin, let relationships between the first and
the second crystal lattice plane distances 5(002) and
d(llﬂ) be considered not only about the third thin £ilm
2c of CxV and the first magnetic £ilm 31 of CoPtCr but
also about the nonmagnetic intermediate £ilm 33 of CrVv
and the second magnetic film 32 of CoPtCr. At any rate,
the third thin £ilm 2¢ and the normagnetic intermediate
£1lm 33 are contacted with the Firat and tﬁg second
magnetic films 31 and 32, respectively.

In addition, it is to bhe noted that the above
relationship between the third thin film 2¢ and thé Tirst
magnetic £1ilm 31 is identical with that between the
nonmagnetic intermediate f£ilm 33 and the second magnetic
£ilm 32 because the third thin £ilm 2¢ and the nonmagne-
tic intermediate film 33 are manufactured undey the same
conditions and the first and the second magnetic f£ilms 31
and 32 are manutactured on the same conditions.
Accoxdingly, the relationship between the third tﬁin £11n
2c and the first magnetih film 31 applies to the
relationship betwéen the nonmagnetic intermediate £ilm 33
and the second magnetic £film 32. The above relationship

is specified by a difference which is obtained by



23 ) . Crerr]V[err]Zr[err] 50 375 1.3 2020 2.22
33.7 +0.027 24 - Crlerr]V[err]Zrlerrrt, 50 375 1.3
2080 2.24 34.2 +0.024 25 IThis Sheet Has BeeRIRBiEd VI €7 ] Zr [ err] 50

375 1.3 2040 2.20 33.6 +0.0 i s to be noted that the
magnetic film3 of CoPtCr is struct yé Egonal -cl ose- packed (hcp)
crystal which has (002) planes and a firs | lattice plane distance

d[err] between the (002) planes while the third thin filmor third
under | ayer 2c of CV which is brought into contact with the magnetic film3
I's structured by a body-cubic-centered cragﬁstal whi ch has (11Q) planes and a
second crystal lattice plane distance d[err]. In Table 1-1, a difference

obt ai ned by subt @t zadd¥hg RheS5aME Wrpabal 1A{de RbABaflebince dlerr]

5(110) from the fixst c¢rystal lattice plane distance
d (002) and which may be simply represented by a
difference d(ooz,—au 10)° Taking the above into
consideration, the difference 4 (002)"3(110) between the
nonmagnetic intermediate £film 33 and the second magnetic
€ilm 32 alone is tabulated in Table 4-1, This is true of
Tables 4-2 and 5 which will De shown hereinafter.

As apparent from Table 4-1, the first sample 1}
has the difference d(OOZJ'dtllo) of +0.028 angstrom.

The S/N ratio was evaluated by using a thin film
head which operates with a floating height kept at 0.060
#m at a relative speed of 5 m/z between the thin £ilm

: head and the magnetic disk or the first sample 1, and by

measuring recording and reproducing outputs appearing on
the track recording density of 110 kfci. In ad4dition, a
noise spectrum of the magnetic disk was measured during
the signal recording and reproduction of 'the magnet;.;:
disk by a spectrum analyzer which had a carrier freguency
and a measuring bandwidth which were set to 8.3 MEz and
20 MH2, respectively. The thin £ilm disk was an MR head
which had a recording track width of 4.2 2 m, a reproduc-
tion track width of 3.5 zm, a recording gap length of
0.43 xm, and a reproducing gap length of 0.31 2 m.

Second through twenty-ninth samples 2 to 29:
In Tables 41 and 4-2, the second through the

twenty-f£ifth samples 2 to 25 were manufactured in a

manner similaxr to the first sample 1 except that the



16 the first crystal lattice plane distance d[err]and On evaluating the S/'N
ratio,*a thin filmhead has been used which has a floating height of 0.060
[err] m In this event, recording and reproduction outputs were neasured at
- a track recording density of 80 kfci with a relative speed kept at 5.4nm's
between the thin filmhead and the nmagnetic disk. In addition, a noise
spectrum of the magnetic di sk was neasured during si 9“3|Thfs@}@éma‘%§3eéﬁﬂep;acec
"reproduction of the magnetic disk by a spectrum anal yzer

carrier frequency and a neasuring bandw dth which were se?ﬂ'ﬂﬂH’ﬂﬂmmud
20 MHz, respec- 37

compositions and the thicknesses of the third thin films
2¢ of CrV, the compositions and the Lhicknesses of the
nonmagnetic intermediate filme 33 of CrV were changed, as
shown in Tablea 4-1 and 4-2, together with the subsatrate
temperatures and the atgon gas pressures on depositing
the third thin films 2c and the nonmagnetic intermedlate
films 33.

In Table ¢-2, the twenty-sixth through the twenty-
ninth samples 26 to 29 were mannfactured in a manner
similay to the first sample 1 except that the third thin
filns 2¢c and the nonmagnetic intermediate £ilms 33 were
formed by alloys including CrV2r at dlfferemt ratios. -
Each of the third thin £ilwme 2¢ and the nonmagnetic
intermediate f£ilms 33 was deposited to a thickness of 50
angstroms.

The running tests were conducted in connection
with the second through the twenty=-ninth samples 2.to 29
with the floating head of the thinm £ilm head kept at
0.075 2z m. The results of the running teets were
excellent. Like in the first sample 1, the coercive
force (Ho), the product (Mrdé ), and the §/N ratic were
measured in a manner similar t0 the firgt sample 1 and
tabulated in Tables 4-1 and 4-1. In addition, Tables 4-1
and 4-2 show the compositions and the thicknesseg of the
third thin £ilms 2c of CrV, the compositions and the
thicknesses of the nonmagnetic intermediate filmes 33, and
the gnbgtrate temparatures and the argon gas pressnres on

deposition of the third thian £films 2¢ and the nonmagnetic



tively. The.thin filmhead used in the neasurement had a coil turn nunber
of 60, a track width of 4.8 [err] " m anda head-gap—|ength of 0.25 [err] m

As shown in Table 1-1, the first 1§ e difference between
"d[err] and d[err] which is equaIT§§ 3 BQ&§R’R%ﬁ? Second t hrough
twenty-fifth exanples 2 to 25: SecoH &mﬁﬂg nty-second exanples 2 to
22 according to the first enbodi nen nt invention are
enunerated along with the first exanple 1 in Tables 1-1 and 1-2. Herein,

t he second through the twenty-second exanples 2 to 22 are manufactured in a
manner simlar to the first exanple excepd8that the conpositions and the

t hi cknesses of the third thin filnms or third underlayers 2c are changed

together with thg . ermeasate £11ms 33. Moreover, the aifferences a,002)~
6(110) of the second throuéh the twenty-ninth samples 2
to 29 which are mentioned in coniunction with the first
sample 1 have been also listed in Tables 4-1 and 4-2.

First through sixth comparative samples:

.Flest &mgh sixth comparative samples were
fabricated in a mamner which is somewhat different from
those of the first through the twenty-ninth samples 1 to
29. Specifically, the first comparxative sample 1 is
similar to the first sample 1 except that each of the
third thin £ilm 2c and the nonmagnetic intermediate film
33 is formed by Cr alome without V. The second compara-
tive sample Z comprises the thiyrd thin film 2¢ and the
nonmagnetic intermediate fillm 33 which are different in
composition from those of the first sample 1. In
addition, the third and the fourth comparative samples 3
and 4 are manufactured in a manner similar to that-of the
first sample 1 except that the gubsirate temperatures and
the argon gas presgures on deposition of the third thin
£films 2c and the nonmagnetic 1nteimeﬂ1ate £iimz 33 are
changed from those used in manufacturing the first semple
1. Similarly, the fifth and the sixth comparative
samples S and 6 had the third thin £ilms 2c and the
nonmagnetic intermediate films 33 which were manufactured
undex the substrate temperatures and the argon gas
pressures differént from-those of the twenty-third sample

23.



substrate tenperatures and the argon gas pressures: 17 Each of the
twenty-third through the .twenty-fifth exanples 23 to 25 according to the
_first enbodi ment of the present invention is specified by the first thin

film nanely, the first underlayer 2a of Al which has the thitknmess-of~50—""

apUttering.In addition each of the twsnty-third through ffﬂﬁgﬁﬁ ﬁi“yﬁe poed
exanples 23 to 25 has the third thin film nanmely, the third HH ‘IHﬁT
of a CVzZr alloy which has the

39

'l‘hg running teets were conduclted in connection
with the first through the sixth comparative samples 1 to
6 with the floating height of the magnetic head kept at
0.075 #m. Subsequently, the coercive force (Hc), the
product (Mxd ), and the §/N ratio were meadgured in the
manner mentioned in conjunction with the first sample 1.
The resulis are listed on Table 5 togethexr with the
compositions and the thicknesses of the third thin films
2¢, the compowpitions and the thickn-esses of the
nonmagnetic intermediate films 33, the substrate
temperatures, and the argon gas pressures. Furthermore,
the diffexences d(OOZ)"aum) mentioned above are also
tabulated in Table 5 to specify the relationships between
the first or the second magnetic £ilm 31 or 32 and the

'~ third thin £ilm 2c oxr the nommagnetic intermediate £ilm
33.

As shown in Tables 4-1, 4-2, and 5, the ﬂ:.st.
through the twenty-fifth samples 1 to 25 which have the
third thin £ilms 2c and the nonmagnetic intermediate
£ilms 33 formed by CzV have been improved in coerc-:!.ve
force (Hc), the product. (Mrd ), and the §/N ratic as
compared with the first comparative sample 1 listed in
Table 5.

In addition, the twenty-sixth through the twenty-
ninth samples 26 to 29 which have the third thin £ilms 2¢
and the nomnagnetic intermediate £ilms 33 of CrVar are
alsc improved in the coercive force (Hc), the ﬁro&uct

{Mrzd ), and the §5/KR ratio in comparison with the first



t hi ckness of. 50 angstrons and which has the conposition shown in Tables 1-1
and 1-2. Furthernore, the prot-ection layer 4 in each of the twenty-third
_through the twenty- fifth exanples 23 to 25 is formed by a single film of
carbon which is deposited by sputtering. The second through the
twenty-fifth exanples 2 to 25 were manufactured as magnetic disks and
subjected to running tests with the floating height of a magnetic head kept
at less than 0.075 [err] m Al of the exanples 2 to 25 exhibited excel |l ent
results. In addition, the coercive force (Hc), the product (M [err] ), and
the S/IN ration were also evaluated in thes manner nentioned in conjunction
wth the first exanple 1. As shown in Tables 1-1 and 1-2, |t has been found
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out that the differences between the crystal lattice plane distance d[err]
of the magnetic film 3 of. CoPt-Cr and the crystal lattice plane distance
d[err] of the third thin film2c of CV fall within a range between ., 18
0.002 and 0.032 angstromin the first through the twenty- fift.h exanples 1
to 25. Conparative Exanples 1 through 6: Provision has been nade about o
first through sixth conparative exanples 1 to 6 so as to dbsShes Hangosai
characteristics of the first through the sixth “l" ,lm ”,”m

comparative eample 1 which has the third thin £fiIm 2¢ and

the nonmagnetic intermediate £ilm 33 each of which is
foxmed by Cr. Especially, addition of Zr t0 the Crv
alloy is very effective to reduce a noise amd results in
an improvement of the S/N ratio. Preferably, the amount
of 2r may be restricted to a range between 2 and 5 at.s
80 as to reduce the noise and to thereby improve the S/N
ratio. |

By comparing the first through the twenty-ninth
sawmples 1 to 29 of Tables 4-1 and 4-2 with the zecond

' through the sixth samples 2 toc 6 of Table 5, it has been

found out that the differences 6(002)'a(1101 of the
crystal lattice plane distances between the first
magnetic £ilms 31 and the thirxd thin films 2c and the
second magnetic films 32 and the nonmagnetic intermediate
£1lms 33 are variable in dependency npon the compositions
of the third thin filme '2¢ and the nonmagnatic |
intermediate films 33, the gubstrate temperatures, and
the argon gas pressures. For example, the second
coméarative sample 2 of Table 2 has the third thin film
2c and the nonmagnetic intermediate £ilm 33 each of which
comprises 50 at%s of V and 50 at.¢ of Cr. This renders
the differences 6(002)—‘1(110) into ~0.015 angstrom and
results in a reduction of the $/N ration in comparison
with the First through the twenty-ninth samples 1 to 29,

aAs a resnit, it ray be concluded thatr the amount
of Vv in the CxV alloy preferably falls within a range

between 2 and 40 at.% in each of the third thin £film 2¢



conpar at-i ve exanples 1 to 6 with those of the first through the
twenty-fifth exanples 1 te 25 according to the present invention. In Table
2, the magnetic characteristics of the first through the sixth conparative.

exanples 1 to 6 are enunerated for conparison. Table 2 Con- Magneti c

3rd Thin Film Subst- Ar Gas Hc M err] S/'N d[ er rThis aetaHasBeEm Raplaced‘
(3) (2c) rate Pres- Ratio dfe

Conposi tion Tenpe- sure Exam 500A k-
rature ple tion ness nenu

(at% (A ([err]C (mlorr) (0Oe) 4/2cn{err]) (dB) (A) 1
Co[err]Pt[err]Cr[err] Cr 50 375 1.3 - 1650 1.89 28.5 +0.035

and the nommagnetic intermediate £ilm 33,

As apparent from the regults of the third through
the sixth comparative samples 3 to 6, the differences
6(002)—6(110) are widely varied by the substrate
temperatures and the argon gas pressures. Such a
vaxiation might result from the fact that a lattiece
distortion in each film is changed by the substrate
temperature and the argon gas pressure. In other words,
the differences d(002)'d(110) can be adjusted to a range
between 0.002 and 0.032 angstrom by controlling the
substrate temperature and the argon gas pressure together
with the amount of V included in the third thin £ilm 2c
and the nonmagnetic intermediate f£f1lm 33.

The third and the fourth comparative samples 3
and 4 shown in Table 5 are identical with the first
sample 1 of Table-4-1 in the compositions and the
thicknesses of the third thin £film 2¢ and the nonmﬁgnetic
intermediate £ilm 33. However, the third thin f£iln 2c¢
and the nonmagnetic intermediate £film 33 of each of the
third and the fourth comparative samples 3 and 4 were
deposited under the substrate temperature and the argon
gas pressure different from those of the first sample 1.

Specifically, the third thin film 2c and the
nonmaghetic intermediate £ilm 33 of the third comparative
sample 3 are Geposited at the temperature of 220C which
18 veaxy lower thaﬁ that. of the first sample 1. This
increases the difference d(002)_d(110) of the third

comparative sample 3 to 0.037 angstrom, as listed in



2 . Crlerr]V[err] 50 375 1.3 1870 2.11 28.6

-0.015 3 ) Crlerr]V[err] o 220 1.3 1720 2. 19
0 28.8 +0.037 4 ThlsSheetHaSEéén Repiaéed 18 0 1920 1:80
+0.039 5 Cr[err]V[ 1880 1.78
-0.006 6 !,M 1730 2.15 27.6
--0.008 19 As shown in Table 2, arative exanple 1 is

simlar in structure to the first enbodlnent of the present invention
except that the third thin film nanely, the third underlayer 3c is

28. 3
28.0

conposed of Cr and fails to include V. THE second conparative exanple 2 is

Table 5 and eonszequently reduces the coercive force (He)
and the §/N ratioc. 1In the fourth comparative sample 4,
the argon gas pressure 15 extremely iancreased. Such an
increase of the argon gas pressure renders the difference
d(oozj'd(IIOJ_into 0.039 angstrom and results in a
reduction of Mrd and the §/N ratio.

In the fifth and the sixth coempargative samples 5
and 6, the third thin f£ilms 2c and the nonmagnetic
intermediate films 33 have the same compusitions and
thicknesses as thoee of the twenty-third sample 23 but
are deposited on the substrate temperatures and the argon
gas pressures different from those of the twenty-third
sample 23. Specifically, the-snhatrate temperature is

raised up to the temperature of 430°C in the f£ifth

comparative sample 5, which renders the difference d gn.-

d(llo) into -0.006 angstrom. As a resuli, the product
Mré and the S/N rati& is reduced in comparison wiih the
twenty~-third sample 23. On the other hand, the argon gas
pressure 16 lowered or reduced to 0.2 mTorr in the sixth
comparative sample 6. Such a reduction of the argon gas
pressure renders the difference d(oaz;'d(xxo) intoc ~0.008
angstrom and results in a reduction of the coercive force
(R2c) and the S/N ratio as compared with the twenty-thizd
sample 23.

Thirtieth throngh forty-sixth samples 30 to 46:

Thirtietﬁ through forty-gixth samples 30 to 46
are similar in structure to the first through the twenty-

ninth samples 1 to 29 illustrated in Fig. 4 except that



specifi.ed by the third thin filmof CV which conprises 50 at.% of Cr and
50 at.% of V. The third and the fourth conparative exanples 3 and 4 are
manuf actured in—amanmer—simTar to the first enbodi ment of the present

i nvention exce&tséh@ eﬁ%ﬁﬁg&te tenperatures and the argon gas

pressures are Var : ion of the third thin film2c of CV.

“Li kew se, the fidm &ﬂﬂ“{ I‘Mth conparative exanples 5 and 6 are al so
manuf act ured by ‘ strate tenperatures and the argon gas
pressures fromthose of the twentieth exanple 20. The first through the

si xth conparative exanples 1 to 6 were sé#®jected to running tests which are
simlar to those nentioned in conjunction with the first through

'the thizd thin films 2e¢ and the nonmagnetic intermediate
films 33 includes Cr and V at ratios different from that
of the first sa;np.‘!.e 1 and that the ratios of Cr and V imn
the third thin films 2c are varied from the zatios of Cr
and V in the nonmagnetic intermediate £ilms 33. In
addition, it is to be noted that the forty-fourth through
the forty-sixth samples 44 t0 46 included the first thin
£ilm 2a of Al which was deposited to a thickness of 50
angstroms by sputtering and which had a surface roughness
Ra of 10 apgstroms and the sole protection layer 4 of
carbon which was deposited to a thickness of 130
angstroms by sputtering.

The thirtieth through the forty-sixth samples 30
to 46 thus obtalned were subjected to the running tests
with the floating height of the thin film head kept at
0.075 s m and found to be excellent. The coercive force
(dec), the product (Mrd ), and the S8/8 ratio ware _méasursd.
in the manner mentioned above to evaluate each sample 30
1o 46. The resulte of the measuvrement are shown in Table
6 aihng with the substrate temperatures and the ixgon gan
pressuvres.

As shown in Table 6, when the third thin €ilm 2c
which includes 4 to 40 at.% of V is combined with the
nommagnetic intermediate film 33 which algo includes 4 to
40 at.% of V, it has been found gut that the coexcive
force (He), the product (Mx3 ), snd the S/N ratio are

increased.



ic film 3.

ecpdce
FI ane

i

T

(Il

the coercive force (Hc),
and the:S/Nratio were neasured as shown in Table 2.

t he conpositions and thicknesses of the third thin filns 2c,

and the argon gas pressures are al so shown
| Thist Sheet

I n additi on,
45

of the underl ayer contacted

along with the differences between the crystal
dlerr] of the magnetic. film3 of CoPtCr and the cr
20 d[err]

the twenty-fifth exanples 1 to 25.

the product (MJerr]),

Jn Table 2,
the substrate tenperatures,

di st ance
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From Taples.1-1, 1-2, and 2, it is readily understood that the first
t hrough the twenty-second exanples 1 to 22 which include the third thin
filmof CrV are inproved in the coercive force (Hc),

the product (MJ[err]),

and the S/INratio in conparison with the first conparative exanple 1 which
includes the third thin filmof C. In addition, the twenty-thi7d Through
the twenty- fifth exanples 23 to 25 which include the tjid shebfVidd Bdeh FBpB&ed

of CrVZr

the SSNratio than the first conparative exanple 1. Espec
Zr tothe OV alloy is effective to rdfuce a noise and th
the SSNratio. In this event, it is preferable '

are greater in the coercive force (Hc), the prodlﬂm&ulﬂ@m'”ut
i i

In orxder to improve the 5/N ratio, it is
preferable that the third thin £4lm 2c of CrV which
includes. 4~40 at.® of Vv is combined ﬁith the nonmagnetic
intermediate film 33 of CrV which includes
10-20 at.% of Vv or that the third thin £ilm 2c of CrVv
which includes 10~20 at.® of V is combined with the
nonmagnetic intermediate film 33 of CrV which includes
4-40 at.% of V. For improvement of the &/N ratio, an
optimum combination of the third thin film 2c and the
nonmagnetic intermedlate f£ilm 33 is given by a
conmbination of the third thin film 2¢ including 10-20
at.% of Vv and the nonmagnetic interzmediate film 33

including 10-20 at.% of V.

As mentioned before, the ratios of Cr to V of the

third thin £ilms 2c are different from those of the
nonmagnetic intermediate films 33 in the thirtieth
through the forty;sixth gamples 30 to 46. Accoxdingly,
the differences d(ﬁoz)-d{IIO)-of the crystal lattice
plane Aistanceg between the first magnetic £ilms 31 and
the ihird thin films 2¢ are somewhat different from the
differences d(noz)”‘(110) of the crystgl-lattics plane
distances between the second magnetic films 32 and the
nonmagnetic intermediate filme 33, as .listed in Table 6.
However, both the former and.the latter differences all
fall within the range between 0.002 and 0.032 angstrom.
rorty-seéentg_throqgh sixty-fourth samples:

Yorty-seventn through sixty~fourth samples

accoxding to the gsecond embodiment of the present

and
of
ove



that an-.anmount of Zr falls within a range between_2 and 5 at.% as shown in
Table 1-2. By conparing Tables:-1-1 and 1-2 with Table 2, it has been

.confirmed that the differences TdisShedt-dp Bee] Replacgen the crystal lattice

pl ane distance d[err] of the magn CoPt and the crystal

| attice plane distance d[err] of contacted with the magnetic
film3 are variable in dependency upon the conpositions of the underl ayers,
the substrate tenpera- ture, and the argon gas pressures. For exanple, the
third thin film nanely, the third wukylayer 2c of the third conparative
exampl e 2 4

invention were manufactured in a manner similar to that
mentioned in conjunction with the -fFirst sambla 1 except
that the ratios of the third thin films 2c and the
nonmagnetlc intermediate films 33 afe changed 'from those
of Table 1, as shown in Table 7. In Table 7, it 1s to be
noted that the ratio of the third thin film 2c of each
sample 47 tO 64 are substantially identical with that of
the nonmagunetic intermediate film 33 and is not changed
from the latter.

More specifically, the ratio of compositions in
each of the first and the second magnetic films 31 and
32, the ratio of compositions in each thirxd thin film 2o,
and the ratlo of compositions in each nonmagnetic
intexmediate £f4lm 33 are varied in the forty-ssventh to
the fifry-sixth samples 47 to 56, ag shown in Table 7,
£rom those of the €irst sample 1 listed in Table 4=1.

Likewise, it 1ls apparent. from Table 7 that ihe
materials and the ratios oficompoeitions in the €irgt and
the second magnetic £ilms 31 and 32, the ratios of
compusitiong in the third thin £iims 2¢, and the ratios
of compositions in the nommagnetic intermediate films 33
are varied in the £ifty-seventh through the sixtfhfourth
samples 57 to 64 from those Of the first sample 1.

The forty-seventh through the sixty-fourth
samples 47 to 64 were subjected to the running tests with
the floating height of the thin £ilm head kept at less
than 0.075 u m and exhibited excellent results. The

coercive force (Hc), the product (Mréd ), and the §/N



t he

In this case,
bs reduced to -0.015 angstrom Such a reduction of

.%of Cr.

.% of V together with 50 at

difference d[err]-d[err]

21 includes 50 at

'S
on
Iilaced

It

readi |y understood fromthe third through the sixth conparat+ve—-exanples 3.

-as conpar ed

with the first through the twenty-fifth exanples 1 to 25. Fromthis fact,

the amount of Vin the &V alloy used as the third thin film2c is

'lj?'\isdsqmggtnl-?aesnBCe)én lég

‘I'n addi ti on,

. %

are also varied

.the difference .brings about a degradation of the S/INratio,
the substrate tenperatures and the argoss

desirably restricted to a range between 4 and 40 at

to 6 that the differences d[err]-d[err]
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gas pressures. This m ght be based on the fact that a lattice defect or
distortion takes place w thin thefirtns—due—toprocess conditions and is

varied with a-.change of-the substrate te o BSg@nd the argon gas
pressures. Accordingly, the differ err] can be controlled
wi thin the range between 0.002 andTﬂ“@iﬁ%ﬁfﬁ by adj usting the anount
of Vincluded in the third thin fil wth the substrate
tenpera- tures and the argon gas pressures. For instance, the third and the
fourth conpara- tive exanples -3 and 4 are identical in the conpositions and
the thicknesses of the third thin filn1%? with the first exanple 1 but are
manuf act ured under the substrate tenperafure and the argon gas pressure

whi ch are

ratio were measured in the manner mentioned above to
evaluate each sample 47 to 64. The results of the
measurement. are shown in Table 7 along with the substrate
temperatures and the aryon gas pressures.

Like in Table 1, the differences a(ooz)‘dtxlo) of
the crystal lattice plane distances between the first
magnetic £ilm 31 and the third thin £ilm 2¢ are
substantially equﬁl 10 the differences 6(002)'dt110) of
the cryetal latiice plane distances between the second
magnetic £ilm 32 and thg nopmagnetic intermediate £ilm 33
because the third tﬁin films 2¢ and the nonmngnétic
intermediate films 33 were deposited under the same
conditions as each other and the f£irst and the second
magnetic films 31 and 32 were algo deposited undexr the
same conditione as each other. 1In this connection,
gingle values alone are shown as the differences 61002)'
d(llﬂ) in the forty-seventh through the sixty-fourth
samples 47 toc 64 shown in Table 7.

as shown in Table 7, the forty-seventh through
the_fifty—sixth samples 47 to 36 can acccmplish high
coercive force (Ee) and high S/N ratios by using the
third thin £films 2c and the nonmagnetic intermediate
£11lms 33 each of which consists of the Crv alloys
including 10-20 at.® of V when each of the first and the
second magnetic f£ilme 31 and 32 of CoPtCr compriges 60-90
at.¢ of Co, 4-20 At.z of Pt, and 3-30 at.% of Cr.

Furthermore, it iz preferable that each of the

first and the second magnetic £filme 31 and 32 comprises



different fromthose of the first exanple 1. In the third conparative
exanpl e 3, the substrate tenperature is 22 lowered to 220[err] C, which
.increases the difference to 0.037 angstrom As a resul't, the coercive force
(Hc) and the SINFafio are reduced to 1720 Oe and 28.8 dB respec- tively.

In the fourthrgﬂﬂﬁgﬂ&kmuenanﬂaphe 4, the argon gas pressure is increased to
-18. 0 mforr. Suc f the argon gas pressure renders the
difference_d[ekg“ u 0.039 angstrom This results in the
reductions of e S/'N ratlo as shown in

64-84 at.s of Co, 5-18. at.% of Pt, and 5-25 at.% of Cr so
as to obtain the high coercive force (Hc) and the high
5/8 ratio.

When each of the fixst and the second magnetic
£1ilms 31 and 32 is formed by thé CoPtTa alloys, as shown
in the fifty-seventh through the sixtieth samples 57 to
60, high coercive force (#c) and high S§/8 retios can be
accompliashed Sy inclugion of 80~90 at.% of Co, 5-15 at.%
of Pt, and 1-7 at.% of Cr.

In addition, when each of the first and the
second magnetic films 31 and 32 is formed by CoPtCxTa
alloys, as listed in the sixty-first through the sixty~
fourth samples 61 to 64, high coercive force (He) and
-high §/N ratios can be achieved by inclusion of 70-80
at.% of Co, 5-15 at.% of Pt, 5-25 at.% of Cxr, and
1~-7 at.% of Ta.

Overwriting '(OW) property tests:
Evaluation has been conducted as regards

overwriting (CW) properties (dR) of the first through tha
sixty~fourth samples 1 toc 64 in a manner to be described

below.

At first, write-in operation is carried cut at a
frequency of 3.4 MH2z and is assumed to cause an ocutput V1
to occur at a first stage. The overwriting (OW)
operation is conducted at a frequency of 13.5 MHZ at a
second stage. After the overwrlting operation, an ountput

V2 is Getected which is written at the frequency of 3.4



Table 2. Furthernore, each of the fifth and the sixth conparative exanpl es
5 and 6 has the conposition_and the thickness of the third thin film 2c
.which are identical with those of the twentieth exanple 20 according.to the
present invention but is manufactured by the substrate tenperature and the
argon gas pressure which are different fromthose of the twentieth exanple
-20. Specifically, the fifth conparative exanple 5 is nmanufactured at the
substrate tenperature higher than the twentieth exanple 20, which reduces
the difference d[lerr]- d[err] to -0.006. As a result, a reduction occurs in
M[err] and the S/Nratio, as shown in 3able 2. On the other hand, the
argon gas pressure is

MHz during the first stage. The overwriting property
(OW) 1s given by:

oW (ds) = 20 log(v2s/vi).

During the overwriting properxty tests, the MR
head used for testing the firxrst sample 1 was also used to
evaluate the overwriting property with the same floating
height.

In order to evaliate the overwriting properties, .
the fifth sample 5 was modified into sixty-£fifth through
sixty-seventh samples 65 to 67 by changing the thick~
nesses of earh of the first and@ the second magnetic f£ilns
31 and 32, the third thin film 2¢, and the nonmagnetic
intermediate film 33, as shewn in Table 8. Likewise, the
eleventh aample.ll was godified into sixty-eighth through
gseventieth gamples 68 to 70 by éhanging the thicknesees
of each of the first and the second magnetie f£ilme 31
and 32, the third thin £ilm 2¢, and the nounngnetié
intermediate £1im 33. '

Similar modification was made about the first
eom@azatiVE sample 1 so as to0 geventh through twelfth
comparative samples 7 to 12.

The overwriting (OW) propertieso;are evaluated at
each sample listed in Table 8 and were represented by '
saturation values, as shown in Table 8. This 1s because
the overwriting properties tend to be saturated with an

increase of a wrlie—in current.
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reduced.to 0:2 nmlorr
conparative exanple 6 has the difference d[err]-
.angstrom and the reduced coercive force (Hc) and the S/N ratio,

Tabl e 2.

magneti c

dlerr]

in the sixth conparative exanple 6. The sixth

reduced to -0.008

as shgwn in

23 Twenty-sixth through forty-third exanples 26 to 43:
Twenty-sixth through thirty-fifth exanples 26 to 35 are manufactured in a
manner simlar to the first exanple 1 except that the conpositions of the

52
Table 8
Sample Magnevic Pilm 3rd Thia Fila | Rommagnetic Inter= | Over—
(31 & 32) (2¢) ‘| mediate Film (33) |Weiting
Composition | Thick- | Composi- | Thick- | Cowposi- | Thick- o
) ness tion ness tion neSS
(at® (%) (ath) 1) | &w (X} (dR)
5 [CorgPtyaCryy| 120 |Crgg¥yg | 50 Crgg¥yg | 50 —42.3
65 o 230 " 50 v 50 -38.5
65 KD 120 o 150 e 50 -39.0
87 o 120 o 50 L 100 . -38.0
1 " 120 | CragV¥oy | 50 CeggVag | 50 -41.3
68 " 230 & 50 ' 50 -38.5
69 » 120 o 150 o 50 -38.8
70 X 120 " 50 " 100 -38.0
tive
Sample
2 CoggPtysCryy | 320 Cr ‘50 Cr S0 -36.3
" e 210 [CrggVyo | 50 Crgg¥yg | 50 ~36.5
8 v 120 " 200 e 50 ~36.8
g8 | 120 0 50 L 150 -32.1
10 X 270 {Crgg¥op | S0 CrggVzp | S0 «36.0
1 " 120 ' 200 ' 50 ~38.5
12 " 120 " 50 " 150 -32.0
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films 3. and -t he conpositions of the third thin filns 2c are changed from
those of the first exanpl eThiserarmafse;een PRpi8cedt i rty-sixth through

, forty-third exanples 36 to 4 red in a manner simlar to,the
first exanple 1 except that "mﬂuﬁfm{e“ al s and the conpositions of
the magnetic film3 and the conp05| the third thin filnms 2c are
-.varied fromthose of the first exanple 1. The running tests were nmade about
the twenty- sixth through the forty-third exanples 26 to 43 in a nmanner
simlar to those nentioned above with the floating height of the magnetic
head kept at less than 0.075 [err] m T# coercive farce (Hc), the product
M[err] , and the S/INratio werée evaluated in connection with each exanpl e

26
hda readily understood from Table 8, the firth,

the eleventh, and the sixty-fifty through the seventieth
samples 5, 11, 65 to 70 each of which includes the films
of CrV are very excellent in the overwriting (OW)
prOpefties in compaxigson with the first =zamplg 1.

Moreovey, it has been found out from Table 8 that
the overwriting properties are widely changed in
dependency upon the thicknesses of each wagnetic film,
the third thin fillm 2¢, and the nonmagnetic intermediate
£ilm 33. In order to accomplish the overﬁritinq
properties 1less than -38 dB, it is preferable that each
of the first and the second magnetic films 31 and 32 has
2 thickness of less than 230 angstxoms while the third
thin film 2¢ and the nonmagnetic intermediate £ilm 33 aze
equal to or less than 150 and 100 angstroms, respece
tively. More preferably, the magnetic films 31 and 32,
the third thin film 2¢, and the honmagnetic 1nterm£d1ate
£1im 33 are equal to or less than 150, 100,.and 80
angstromg, respectively.

According to0 the second embodiment of the present
invention, the magmetic recoxding medium has excellent
static magnetic properties, such as coercive force, the
product of residual magnetization and thickness, and
excellent recording and reproducing properties, such as
S§/N ratios and OW property. As.a result, it i= possible
t9 obtain n.large,output with 8 small medium noise even

when the racording and reproducing operation is carried



to 43. In Table 3, the conpositions of the magnetic filns 3, the
conposi tions and the thicknesses of the third thin fil ms—2¢c,—the substrate

tenperatures, and the argon gas pressures are shown alogg?mﬁth t he coercive
|

force (Hc), M[err] , and the S/INratio. Mreover, the p He®BednRopiaceq
crystal lattice plane distance d[err] and the crystal Iatq'

_distance d[err] are also enunerated in Table 3. 24 Tab
Magneti c 3rd Thin Film Subst- Ar Gas Hc M[err]

dierr]- "

out at a surface recoxding density not less than 6§00
Hb/lnz.

While the present invention has thus far been
descxibed in conjunction with a few embodiments therxeof,
1( will be readily possible for those skilled in the art
to put the present invention into practice in various
other manners. For example, when each magnetic film in
the first and the second swbodiments is formed by
CoPtCrTa, it may preferably include 1-18 at.% of Cr, 1~15
at.: o&f Py, 1-8 at.s of Ta, and the balance formed by Co.
In addition, eacp_magnetic film may be, for'example, a
£ilm which includes an oxide (for instance, yttrium oxide
and/or the like) in addition to Co and Pt, or which
includes a magnetic material or magnetic matezials !
dispersed within oxide or oxides. The substrate 1 may be
formed by a nenmegnetic material and may be, for example,
a crystallized glass substrate, an aluminum suhstzéte, a
ceramic substrate, a carbon substrate, a silicon
substrate, or the like. The first protection £ilm 4a may
be, fot examplea, 3 silicon oxide £ilm, a carbon £ilm, =a
zirconia £ilm, a carbon hydride £ilm, a silicon nitride
£ilm, a SiC £ilm. In addition, the gecond protection
£ilm 4b pay be, for example, a éazbon £ilm deposgsited on

- the first protection film by eputtering.

Herein, it is noted that the silicon oxide film
which is laid on'iho substrate serves as a texturing £1ilm
which has undulation and which is effective to avoid

stiction of a magnetic head. Such a texturing £ilm may



am Film (3) (2c) o rate ...Pres-

Rati o dlerr] ple Conposi tion Tenpe- sure 500A
Conposi -  Thick- rature tion ThisSheetdtss Been Replaced '

orr) (CE) /cn[err])(wﬁgg)
|u‘ml””mrr] 375 - 1.3

at 9 at % (A (”“
(A 26 CD[err]Pt[err]C}[err]

1780 2.35 . ]V[ r]
375 1.3 1800 2.40 31.0 +0. 003 28 Co[err]Pt[err]Cr[err]
Crlerr]Verr] 50 375 1.3 2150 -1.98 31.6  +0.032:29
. Crlerr]Verr] 50 375 1.3 2220 1.99 32.4
+0. 022 30 Cb[err]Pt[err]Cr[err] Crlerr]V[err] 50 375
1.3 1860 32.0  _+0.030 . Crier]V[err]
50 = 375 e tehex “Egﬁb“”"g"“g‘iﬁlgz% an AN, 5313,

Co[err]Pt[err]Crerr] pg regmgl’tﬂ L@%Luc érégn Pﬁ:/[, ?xrg to U%O 2120

2.05 32.7 +0. 019 33 375

1.3 2140 2e{fst ekbodimerd, 0&91%4pre§@{:ﬁsrd Rhlaer 4] €642 'dmount of
Cr[err]V[err] 50 375 2230 1.82 31.5 +0. 012

Co and Pt is equal to ox gxeater than 70 at.® iAn
consi{deration of the coercive force (He). A ratio of
Pt(at.e)/Colat.s) desirably falls within a range between
0.07 and 0.2. 1In addition to Co arnd Pt, the magnetic
film may include at least opne of Cr, Ta, Ni, Si, B, O, N,
Nb, Mn, Mo, 2n, W, Pb, Re, V, Sm, and 3r as an additional
- component. The amount of the additional component may be
decided in consideration of the magnetic properties but
may not preferably exceed 30 at.%. For example, the
magnetic film may be formed by a CoPtCr alloy, a CoPtCrTa
alloy, a CoPtCrNi alloy, or the like. The thickness of
the magnetic £ilm may be between 400 and 550 angstroms in
view of the output, the overwriting property, and the
noise. When the thickness of the magnetic £ilm is iess
than 400 angstroms, a sufficient ocutput might not be
obtained while the noise tends to increase when the
thickness of the magnetic f£ilm exceeds 550 angstroms.
Moreover, the underlayer 2 may include at least
one f£ilm of CrV which includeg less than 50 at.% of V.
This is because the underlayer 2 is formed by particles
of a uniform size and has good cxrystallization. Instead
of a part of Vv, at least one of 2r, W, B, Mo, Nb, Ta, Fe,
Ni, Re, Ce, 2Zn, P; $3, ca, Hf, Al, Ti may be added to the
magnetic £ilm as a subsidiaxy component. In this case,

it is8 desirable that a sum amcunt of V and the subsidiary



35

1.3 1850 2.40 30.1 +0Toi

Crerr]V]err] 50—7375 1.3 2300

31.0 ‘+0.063 36 Co[err]Pt[err Ta ackt[err]Vierr] 50 375
ﬁﬁﬁashawm@a Crierr]V[err]

“““019 38
375 1.3

1.80

50 375 1.3 1880 2.4 ““

Co[err]Pt[err] Ta[err] Cr[er 1900
2.20 © 30.0 +0. 032 39 Crlerr]V[err] 50 375
1.3 1900 2.18 30.5 +0. 022 40 Co[err]Pt[err]Cr[err] Ta[err]
Crlerr]V[err] 50 375 1.3 2020 2.00 33.5 +0. 025 41
Crierr]V[err] . 50 375 1.3 96 1980 2.02 33.0 +0. 017 42
Co[err]Pt[err]Cr[err]TaJerr] Cr[err]V[err] 50 375

:2%(7)20 b 701 331';&%{%in 0%%5&3“%12 ejmeefosgﬂt '8 EQ’Sa‘Y’h ‘lﬂ‘é’f‘gfq it exarrpl es

26 to 35 conpripertiifile size and crystallization. It is preferable that

the thickness of the underlayer falls within the range
between 10 and 150 angstroms to provide a pertinent
erystal lattice plane distance between (110) planes.
Moxe preferably, the thickness of the underxlayer is
between 20 and 100 angstyoms. Wwhen the Crviy alloy is
used for the underlayer or the third %hin film 2¢ which
includes Cr and V, the S/N ratio is improved by addition
of 2xr to the CxV alloy because the addition of 2r is
effective to reduace the noise. 'The amount of Zr
prefexrably falls within the range between 2 and 5 at.%.
Further, the CrV¥VZr alloy may have the thickness hetween
10 and 150 angstroms, preferably, between 20 and 100
angstroms. This is because the coercive force becomes
insufficient. when the thiékness is less than 10 angstroms
while reductions of the output and the overvriting-
p:opezt; take place with an increase of the noise when
the thickness of the CrVir exceeds 150 angstroms.

As regards the second embodiment of the present
invention, most of the facts mentioned above apply to the
second embodiment.. In addition, the lamina 3a may
include more than two magnetic films, namely, threge,
fouxr, or £ive magnetic £films. In this event, the
nonmagnetic intermediate film or filﬁs 1ntéxposed between
twe adjacent ones of the magnetic £ilms iunclude at least
one nonmagnetic intermediate £ilm of CxV. The lamina 3a
may be structured by a combination of a magnetic film-a



third thin filnms, nanely, the third underlayers 2c of CrV and the magnetic
films 3 of the CoPtCr alloy. .In addition, the amount of Vin the third
thin filnms 2c fall within the range between 10 and 20 at.% Under the

ci rcunst ances, high coercive force (Hc) and a high S/Nratio can be
acconpl i shed when each of the magnetic filnms 3 conprises 60-90 at. % of Co,
4-20 at..%of Pt, and 3-30 at.%of Cr. Preferably, the magnetic filnms 3 may
conprise 64-84 at.% of Co, 5-18 at.%of Pt, and 5-18 at.%of C in order to
achi eve high coercive force (Hc) and high S/N ratios. As apparent fromthe
thirty-sixth through the thirty-ninth axanples 36 to 39 which conprise the
magnetic filns 3 formed by CoPtTa all oys, high coercive

nonmagnetic £ilm-a magnetic film, a combination of a
magnetic film-a noamagnetic f£ilm-a magnetic f£ilm-a
nonmagnetic film-a magnetic film, or a combination of a
magnetic £ilm-a nonmagnetic film-a magnetic film-a
nonmagnetic film-a magnetic film-a nonmagnetic film-a
magnetic film. The magnetic filmz may have compositions
and materiale which are identica) with one another or
which are different from one another. This is true of
the plurality of the nonmagnetie £ilms.

Each o0f the magnetic films may have a thickness
between 20 and 230 angstromg, preferahly, between 40 and
150 angstroms. Less than 20 angstroms of the magnetic
£ilm makes the ceerecivity insufficient while more than
230 angstroms of the magnetic film makes the medium noise
increase. Each of the nonmagnetic films may have a
thickness betwgen 10 and 100 angstroms, preferably._
botween 30 and 80 angstyoms. This ig because less than
10 angstroms of the nonmagnetic £ilm reduces the
coercivity while more than 100 angstroms of the
nonmaénatic film brings ahout a reduction of the
reproduction output, degradation of the overwriting

property, and an increase of the medium noise.
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force (Hc) and high S/N ratios can be acconplished when 80-90 at. % of Lo
5-15 at. % of Pt, and 1-7 at.% of Ta are included in U‘hesn&gmgsgermg;

. Furthernore, the fortieth through the forty-third exa
conprise the magnetic filns 3 of CoPtCrTa all oys. In t mmﬂwﬁ'ﬂ

preferable that 70-80 at.% of Co, 5-15 at.% of Pt, nd 1-7
.at.% of Ta nay be included in the magnetic filnms 3 of the CthCrTa al |l oys
so as to obtain high coercive force (Hc) and high S/INratios. At any rate,
the first through the forty-third exanples 1 to 43 according to the first
enbodi nent are excellent in static magmgtic properties, such as the

gy

1. A magnetic recording medium comprising:

WHAT IS CLAIMED I8:

a magnetic film which includes at least Co and Pt
and vhich is specified by a hexagonal close-packed (hep)
crystal structure having (002) planes remoie from each
other by a £irst c:ystél lattice plane Qistance d(noz);

an underlying £ilm which includes Cr and Vv, which
is contacted with the magnetic film, and which is
specified by a body~centered cubic (bce) corystal
structuare hav1n§ (110) planes distant from each other by
a second crystal lattice plane distance 6‘1105;

the magnetic £4ilm and the underlying film being
specified by a difference between the first crystal
lattice plane distance d(ooz) and the second crystal
Jattice plane distance 6(110)' the difference heing'given
by subtracting the second crystal lattice plane distance

a(llﬂ) from the firat crystal lattice plane distance

4(002)
ang'st.rom -

and falling within a range between 0.002 and 0.032

2. A magnetlc recording medium as clalmed in-
eclaim 1, further comprising;

a substrate which underllies the underlying €£1lm
and which fs directly contacted with the underxlying f£ilm.

3. A magnetic recorﬁiné medium as claimed in
¢laim 1, further éomprisinge

at, least one subsidiary undeflying film which

underlies the underlying film and which is brought into



26 coercive force, the product M[err] and in recordlng roductlon

properties, such as SINratios.and ON Wth this struct U laced
. confirmed that the magnetic'disks formed by the above- nen ﬂ
have a large output and a reduced medi um noi se even when

recording density is increased to 500 Md/in[err] or nore. Second

-Enbodi nent: First sanple of the second enbodinent: Referring to Fig. 3, a
magneti ¢ recordi ng medi um according-to a second enbodi nent .of . the present ..
invention is simlar in structure to that illustrated in Fig

> IIIIIIII IIIIII KL
contact with the underlying film; and

a substrate kept in contact with the at least one
subsidiary underlying film.

4. A magnetic recording medinm as claimed in
claim 3, wherein the at least one subsidiary underlying
£ilm 12 composed of a nonmagnetic material which has a
body—-centered and close-packed c¢xystal structure.

5. A magnetic recording medium as claimed in
claim 4, whereln the nonmagnetic material is formed by a
metal selected from a group consisting of Cr, P4, Ta, and
Zx.

6. A magnetic recording medium as claimed in
claim 1, wherein the magnetic film is composed of a
CoPtCr alloy. | '

7. A magnetic recording medium as claimed in
claim 6, wherein the CoPtCr alloy comprises 60-90 at..% of
Co, 4-20 at.% of Pt, and 3-30 at..% of Cr. -

8, A magnetic recording medinm as claimed in
claim 1, wherein the magnetic film is composed of a
CoPtCrTa alloy.

9, A magnetlc rxecording medium as claimed in
claim 1, wherein the difference falié within the range
between 0.014 and 0,030 angstrom.

10. A nmagnetic recording medium as claimed im
¢laim 1, wherein ihe undezrlying f£ilm is composed of a
CxV2xr axloy. .

11. A magnetic recording medivm as claimed in

claim 10, wherein the CxV2r alloy cvomprises 2-5 at.% of



except .that-a magnetic lamna 3a is substituted for the magnetic film3
illustrated in Fig. 1. Spgcifi.cally, the magnetic | aniThiaShgetiHasBeemBeplineda
first magnetic film 31, a second magnetic film 32, and a

intermediate film 33 interposed between the first and th tic
- films 31 and 32. In any event, the illustrated magnetic recordi ng nedi um
.wll be called a first sanple so as to distinguish the second enbodi nent

fromthe exanpl es according to the first enbodinment and is structured by a
gl ass substrate 1, an underlayer 2 on the glass substrate 1, the magnetic

lam na 3a, a protection layer 4 on the6flagnetic |ani na”MﬂmnH'mmHant
| ayer 5 on the protection |ayer 4. The underlayer 2, t a
3a, the prot ecztri_.on oL s o

12. A magnetic recording medium as claimed in
claim 10, wherein the underlying film of the CzVir alloy
has a thickness between 10 and 150 angstroms.

13. A magneti¢ recording medium comprising a
substrate, an underlying layer of a nommagnetic matexial,
and a lamina on the unde;'clying layex, said lamina
compzising:

a first magnetic £1lm which is brought into
contact with the underlying layer, which includes Co and
Pt as primary components;

a nonmagnetic intermediate film which is
deposited on the first magnetic f£ilm, which includes Cr
and vV, and which is speciflied by a body-centered cubic
(bee) cxystal structure having (110) planes distant. from
each other by 2 crystal lattice plane distance dum).
and -

a second magnetic film which is deposited on the
nonmagnetic intermediate film, which includes Co and PL,
and u;hich is specified by a hexagonal ciose-packed {hep)
crystal structuxe having (002) planes remcte from each
other by a crystal lat.tice_ plane distance 6(0022‘

the second magnetic film and the nonmagnetic
intermediate film being specified by a difference between
the crystal lattice plane distance amoz) and the crystal
lattice plane dist:ance -d (110)° the difference being given
by subtractiang the c¢rystal lattice plane distance dr110)

from the crystal lattice plane distance d (002) and

1



| ayer 4, and the lubricant |layer 5 are successively deposited on the gl ass
substrate 1 by the use of ,the in- line sputtering apparatus. 27 ~

_ Specifically, the glass substrate 1 is conposed of _al um nosilicate gl ass
and is subjected to nirror finish to provide a nirrié ' ‘g‘%?g

whi ch has a roughness Ra of 50 angstrons. The illustr ﬂl r 21is
-formed by a first thin film2a of Al deposited to at

angstrons on the glass substrate 1, a second thin film2b of C deposited
to a thickness of 600

61

. falling within a range between 0.002 and 0.032 angstrom. -
14. A magnetic recording medium as claimed in
claim 13, wherein the first magnetic €ilm includes Co and
Pt and is also specified by a hexagonal elose-packed
(hep) crystal structure having (002) planes remcte f£rom
each other by an adfitional crystal lattice plane
distance a(OOZ)'
15. A magnetic recording medium as claimed in
claim 14, wherein the undexlying layer comprises:
an uppermeost thin £1lm which is brought into
contact with the first magnetic f£ilm, which includes Cx
and V¥V, and vhich is specified by a body-tentered cubic
{ber) crystal structure having (110) planes distant from
each other by a subaidiaxy crystal 1attic§ plane distance
(110 ¢
the first magnetic f1ilm and the uppermost thin
£11lm being specified by an additional difference beiween
the additional crystal lattice plane distance 61002) and
the subsidiary crystal latiice plane distance a(lln,,'the
difference being given by by subtracting the subsidiary
crystal lattice plane distance d(llﬂ) from the additional
crystal lattice plane distance 6(002; and'falling within
a range between 0.002 and 0,032 angstrom.
16. A magnetic recording medium as claimed in
claim 13, wherein the difference between d(oozy and
falls within the a range between 0.014 and 0.030

9110)
angstrom .

* c L ] S *
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angstrons on‘the first thin film2a, and a third thin film2c of GV

deposited to a-thickness of 50 -angstroms on the second tThim fitm2b. In the

.first sanple 1 of the second enbodi ment, the thwmgsﬁaﬁnaggéém

UMM

conposition of 96 at.% of O and 4 at.@bof V. The
thin films 2a to 2c will be called first through t
‘respectively, hereinunder. In the nmagnetic | am na

tﬁﬁ thlrd

nagnetlc

film31l has the sane naterials as the second nagnetic film32 and is

conposed of a CoPtCr alloy which conpri 78 at.% of Co, 11 at.

% of Pt

and 11 at.%of C. In the illustrated exanple, each of the first and the

second magnetic filns 31 and 32 has a thickness of 120

17. A magnetic recording medium as claimed in

claim 15, wherein the additional difference between the

additional crystal lattice plane distance 6(002)

subsidiaxy crystal lattice plane distance d(110)

within the range between 0.014 and 0.030 angstrom.

and the
falls

18. A magneti¢ recording medium as claimed in

claim 15, wherein the underlying layer furthexr comprises:

an additional thin £41m which is situated uyader

the uppermost thin £ilm, which iz brought into contact

with the uppermost thin film, and which is composed of a

nonmagnetic material of a body centered and close-packed

crystal stracture.

19. A magnetic recording medium as claimed in

claim 18, wherein the nonmagnetic material of the

additional thia £11m is composed of a metal which has the

body centered and close-packed cxystal structure.

20. A magnetic recording medium as claimed in,

clain 19, wherein the metal is selected from a group

cocngisting of Cr, T, Ta, and Zr.

21. A magnetic recording medium comprising a

substrate, an underlying layer of a nonmagnetic material,

and a lamina on the underlying layver, said lamina

comprising:

a plurality of magnetic films each of which

includes Co and Pt and which has a hexagonal close-packed

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

each cther by a first crystal lattice plane distance

4002)*
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angstrons. On the other hand, the nonmagnetic internediate film 33 between
the first and the second magnetic filnms 31 and 32 i§hismEmBmRﬁ placad

all oy conprising 96 at.% of O and 4 at.%of V. The n
intermediate film33 is 50 angstrons thick and thinne t and
t he second magnetic filnms 31 and 32. 28 The protection |ayer I'S

. conposed of a first protection film 4a deposited on the second nagnetic
film32 and a second protection film4b deposited on—-the~first - --

s ] 0RO

a2 plurality of nonmagnetic intermediate f£ilms

each of which is interposed betuéen two adjacent ones of
the magnetic films, which includes Cr and V, and which is
specified by a body-centersd eublc (bce) crystal
structure having (110) planes distant from each other by
a second crystal lattice intermediate distance d(110)°

the first dnd the second lattice plane distancea
d(oo:) and d(llO) having a difference bhetween 0.002 and
0.032 angstrom.

22. 1 magnetie recording medium as Elaimed in
claim 21, wherein the difference falls within a range
between 0.014 and 0.030 angstronm.

23. A magnetic reéozding medium as claimed in
claim 21, wherein the underlying layer comprises:

an uppermost thin £411lm which is bhrought inmto
contact with a lowermost one of the magnetic Films, which
includes Cr and V, and which is specified by a bodﬁ;
centered cubic (bee) crystal structure haviang (110)
planes distant from each other by a'subéidiary cryatal
lattiée plane distance 6(110)’

the lowermost one of the magnetic films and the
uppexmost thin £ilm being specified by an additional
difference between the £irst crystal lattice plane
distance d(goz) and the subsidiary crystal lattice plane
distance 6(110)' %he @ifference being given by by
subtracting the subsidiary crystal lattice plane distance
dtllo).frOm.the additional crystal lattice plane distance

a(ooz) and falling withir a range between 0.002 and 0.032



protection film4a. The first protection filmda is forned~@¢4}4}~444+ﬁ(ﬁ
50 angstrons thick and serves .as a chem cal protection fllnlfor t Replaced
magnetic |lam na 3a while the second protection film4b i B epac
silicon oxide filmof 160 angstrons thick. In the second p

4b, hard fine particles are dispersed to provide wear re5|

. mechani cal shock. The lubricant layer 5 is forned by perfluoro- polyether
(PFPE) and serves to alleviate a contact with a magnetic head. Referring to
Fig. 4, description will be nade about a method of manufacturing the first~

exanple illustrated in Fig. 3 by ‘the u$® of the in-line s

apparatus. Like in Fig. 2, the illustrated ﬂm"ﬂmlmlu "II' ” '“l
angstrom. et s e
. 24. A wagneti¢ recording medium as claimed in
claim 23, wheieln ihe difference between °(ooz) and
5(1101 falls within the 2 range between 0.014 and 0,030
angstrom.

25, A nmagnetie recording medium as claimed in
claim'23, wherein the underlying layer further comprises:

an addictional thin film which is gituated under
the uppermost thin film and which is composed of a
normagnetic material which has a body centered and close-
packed erystal gtructure.

26. A magnetic recording medium as claimed in
elaim 25, wherein the nﬁnmagnetic material is selected

. from a group coosicsting of Cr.-ri. Ta, and Zr.

27. A magnetic recording medjum as claimed in
¢laim 21, wherein a selected one of the magnetic films is
formed by a CoPtCr alloy. .

28. A magnetic recording medium as claimed in
claim 27, wherein the CoPtCr alloy comprises 60-90 at.%
of Co, 4-20 atd of Pt, and 3-30 at.s of Cr.

29. A method of mamufacturing a magnetic
recording medium which comprises an undexlying f£ilm and a
magnetic £ilm depogited on the undexiying £ilm, the
method comprising the steps of:

successively depositing, at a predetormined
temperature under é predetermined argon gas pressure, the
underlying film of a CrV-based alloy which has a body

centered-cuybic crystal structure specified by (110)



In-line-sputtering apparatus conprises a pallet |oad chanber 11, a
sputtering chanber 12, and a pallet unload chanber 13 all of ‘which are

. connected in series to one another, as shown in Fig. 4. In the illustrated
exanple, partition walls 14 and 21 are | ocated between the pallet |oad
chanber 11 and the sputtering chanber 12 and between the sputtering chanber
=12 and the pallet unload chanber 13, respectively. In addition, the
sputtering chanber 12 is divided into a first sputtering chanber 12a and a
second sputtering chanber 12b coupl ed g€ each ot her through a partition 21.

planes and a crystal lattice plane distance a(110) and
thercafter the magnetioc £ilm of a CoPit-based alloy which
has a hexagonal close-packed crystal structure gpacified
by {(002) planes and a cxystal lattice plane distance
9¢002)*

the predeiermined temperature and the
predetermined argon gas pressure being selected 380 that a
difference obtained by gsubtracting dtzzo) from dcooz)

falls within 0.002 and 0,032 angstrom.
30. A method as clazimed in claim 29, wherein the

predetermined temperature is between 250 and 425 C while
the predetermined argon gas pressuze 1s between 0.5 and

10 nTorr.
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29 Wthin the first and the second sputtering chanbers 12a and 12b, target
pairs are arranged in a nanner to be described to successively deposit the
under| ayer 2, the magnetic lam na 3a, and the protection |ayer 4 on the

gl ass substrate 1 and to manufacture the first sanple 1 illustrated in Fig.
3. Practically, when the pallet 18 which is previously |oaded with a .
plurality of glass substrates 1 is introduced into the pallet |oad chanber
11, the pallet |oad chanber 11 is exhausted fromthe atnospheric pressure
to a degree of vacuumwhich is simlar to that of the first and the second
sputtering chanbers 12a and 12b. ThereafGer, the partition wall 14 is
opened to

MAGNETIC RECORDING MEDIUM AND METHOD OF MANUFACTURING THE SAME

ABSYRACT ] .
In a magnetic recording medium having an

underlying f£ilm of a hody-centered-cobic (bee) Crv-based
alloy and a magnetic £ilm of a hexagonal close-packed
(hep) CoPtCr-based alloy depogited oa the underlying
film, a difference betweer a crystal lattice plane
digtance 6(002) of {002) planes in the hop alloy of the
magnetic £ilm and another crystal lattice plane distance
6(110) of (110) plames in the bec alloy of the
nonmagnetic film is given by subtracting 6(110) from
d(ODZ) and falls within a range between 0.002 and 0.032
angstrom. Preferably, the difference d(ooz)'dtllo) is
present between 0.014 and 0.030 angstrom. Only 2 single
palr of the underlying £ilm and the wagnetic £1ilm may be
included in the magnetic recording mediom or plnrai palxs
of the underlying f£ilm and the magretic film may be

included in the magnetic recording medinm.

Fig. 1.
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introduce the pallet 18 into the first sputtering chanber 12a. Wthin the
first sputtering chanber 12a, each glass substrate 1 on the pallet 18 is
~heated by a lanp heater 19 at a tenperature of 300[err]C for one m nut.e.

" Then, the pallet 18 is transferred or transported at a transport speed of
1.2 mMmn and allowed to pass between ‘the targets 15a and 16a of Al and
.thereafter between the targets 15b and 16b of Cr. Since the targets 15a and
16a of Al and the targets 15b and 16b of Cr are put in discharge states
with the argon gas kept at the pressure of 5 niforr, the first thin filnms 2a
and the second thin films 2b are succed4#vely deposited in that order on
bot h surfaces of

FIG. 1
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each gl ass substrate 1 nounted on the pallet 18. The 30 targets 15a and
16a of Al are supplied with, the .electric power of 300 watts while the
‘targets 15b and 16b of C are supplied with the electric power of 1.0
kilowatts during the sputtering. As a result, the first and the second ‘thin
films 2a and 2b have the thicknesses of 50 and 600 angstrons, as nentioned
above. Subsequently, the pallet 18 is transported or transferred through
the partition or port 22 to the second sputtering chanber 12b which has a

heater 20. The 2/4
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transported pallet 18 is heated by the heater 20 to a tenperature of
375[err]C for one m,nute within-the second sputtering chamber 12b. |n order
‘to successively deposit the filns illustrated in Fig. 3 in the |IIustrated
order on the second thin films 2b, OV targets 15c and 16¢c, CoPtCr targets
15d and 16d, CrV targets 15e and 16e, CoPtCr targets 15f and 16f, and Cr
targets 15g and 16g-are arranged within the second sputtering chanber 12b
and are put in discharge states with the argon gas kept at the pressure of
1.3 nlforr. The pallet 18 is transported at the transfer speed of 1.2 mmn
between the respective target pairs, n¥fely, 15c and 16d to 15g and 16g.
During the transportation or novenent of the )

J
@

~-2¢ )

)

FIG. 3

This Sheet Has Been Replaced




pal | et 18, the third thin filmor third underl ayer 2c of CrV, the first
magnetic film 31 of CoPtCr,-the- nonmagne- tic internmediate film33 of CrV,
"t he second nagnetic film32 of CoPtCr, and the first protection film4a of
Cr are successively stacked in that Qrder on the second thin 31 film2b
in the second sputtering chamber 12b.- In this event, the CrV targets 15c
and 16¢c and 15e and 16e are supplied with electric power of 500 watts while
the CoPtCr targets 15d and 16d and 15f and 16f are supplied with electric
power of 300 watts. In addition, theas&r
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R
targets 15g and 16g are given electric power of 500 watts. During the
spUtterlng the first and the second sputte ch
‘kept at a degree of vacuum which is equal tjo OREPEASEMENT SHEETIO[ er§G Toyr.
Under the circunstances, the third thin fillnDegtis€oV: baﬁutmekﬁhMﬁﬂﬁéSS of
50 angstrons while each of the first and tHe gégg@ag)nagpgigg fﬁﬂﬁggﬁﬁﬁan
32 has the thickness of 120 angstronms. Li kWb @g [oF aag,ﬁt )fwnq‘f
internediate film33 of CrVis 50 angstrony {hpgkanf ﬁhgd“ﬁﬁﬁi zod 7.
protection filmd4a is 50 angstrons thick, 4gs nentloned géfore ter

conpl etion of the above-nentioned depositidn, I ot egji qqflln1 a
i s washed by Dlg'ﬂf (;I!" ﬁc‘lﬁi’% ....... P‘P ...... 7

MAGNETIC RECORDING MEDIUM AND

METHOD OF MANUFACTURING THE SAME

Backgrgund of the Invention:

The present invention relates to a magnetic
recording medium, such as a magnetic disk and_a magnetic
tape, and a method of manufacturing the same. |

Magnetic recording technoleogy has a long history
and is based on.established techniques. The development

; of an information-based society in recent years has
éccelerated the development of a magnetic recording
medium which has a higher density with improved
properties. Such technology has thué been important more
‘and more. |

In particular, a thinner recording layer has been
used for a higher recording density in the fileld of
magnetic disks (e.g., hard disks and floppy disks) which
serve as peripheral storage devices. The age of thin
film medium using a magnetic thin film has been just
beginning. 1In tﬁis event, 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—ﬁroduction at a low manufacturing cost.

It is known that a higher coercive force is
achieved by using chromium as the underlying layer or

his is the replacement sheet
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i sopropyl al cohol (1PA) to conduct hydrophilication. Thereafter, the second
protection film4b is formed on the first protection filmby inmersing the
above- processed substrate within an organic silicon conpound sol ution and
by firing the substrate to |l eave a silicon dioxide filmon the first
protection film4a. The organic silicongconpound solution nmay be, for
exanpl e, ‘a solution of water, |PA and tetraethoxysilane in which fine
particles of silica are di spersed which have a 32 particle size of 100

angstrons.

film of a magnetic recording medium which has a magnetic
layer of CoNiCr alloy or CoCrTa alloy (see, for example,
IEEE Transactions on Magnetics Vol. MAG-3, No. 3 (1967),
pages 205-207).

However, the magnetic CoPt alloy layer degrades
orientation along the C-axis when it is combined with the
underlayer of chromium (Cr) alone; This is because a
crystal lattice constant of the magnetic CoPt-based alloy
layer 1s greater than a crystal lattice conétant of the
conventional magnetic layer of the CoNiCr alloy or the
CoCrTa alloy. As a result, the magnetic CoPt-based layer
is not completely matched in atomic alignment with the
underlying layer of the single component of Cr. Thus,
this adversely affects the orientation of the C-axis.

In order to overcome this problem, U.S. Patent
No. 4,652,499 which 1s issued to Howard proposes to add a
second or different metal to the Cr underlayer 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
aifferent metal to the Cr alloy. This brings about an
improvement of the coercive force or coercivity and the
squareness.

The present inventors have found, as a result of
detaijiled consideraiion, that the resultant recording
medium has a significantly larger noise as a result of

the addition of the different metal to the underlying Cr
Trie is ths replacement sheet

2 4 FE8 199]

ey
HRFCREE M



Ly

Finally, the lubricant layer 5 is formed on the second protection film4b
by> a di ppi ng process using perfluoropol yether (PFPE). Thus, the first
sanpl e according to the second enbodi nent of the present invention is

manuf actured and is operable as a magnetic disk. Like in the first

enbodi ment, the running test was carried out with a floating height kept at
0.075 [err]min connection with the first sanple 1. The first sanple 1

exhi bited an excellent result. Furthernore, nmeasurenent of the first sanple
1 was nade aggygéghe coercive force (Hc), the product (M[err]) of residual

magneti zation an

thi ckness, the S/N ratio. Such neasurenent results are

tabulated in Tabl e 4ahother thin film recording medium is disclosed

in Japanese Unexamined Patent Publication No. Hei 2-
210614, namely, 210614/1990. ‘The disclosed thin film
recording medium consists of a magnetic layer of a cobalt-
platinum (CoPt) based alloy having a high coercive force.
In the thin film recording medium, the magnetic layer is
divided into two magnetic films with a nonmagnetic
intermediate film of chromium (Cr) interposed
therebetween. This structure is helpful to reduce é
noise during reproduction. More specifically, the
resultant magnetic layer is ;omposed of a first magnetic
CoPt film, a nonmagnetic Cr film, and a second magnetic
CoPt film, which are stacked in this.order. It is also
known that an underlying layer of Cr provides a favorable
crystal structure for the magnetic CoPt film when placed
under the thin magnetic f£ilm.

However, the above-mentioned magnetic recording
medium which comprises the underlyinglCr layer, the first
magnetic CoPt film, the nonmagnetic intermediate Cr film,
and the second magnetic CoPt film exhibits insufficient
6r unsatisfactory properties for a recording medium,
such as coercive force, a reproduction output (product
of residual magnetization and film thickness), and a
signal-to-noise (S/N) 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

Tolg is ‘he rapigoemert sheet
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Table 4-1 shows a conposition and a thickness of the third thin film2c of
cV, a conposition and a thickness of the nonmagnetic internmediate film 33,
and a substrate tenperature and an argon gas pressure on depositing the
third thin film2c and the nonmagnetic internmediate film 33 together with
the coercive force (Hc), the product (Mjd ), and the S/Nratio. Herein,
each of the first and the second magnetic filnms 31 and 32 of CoPtCr has a
hcp crystal structure having (002) planes distant fromeach other while
each of the spiadehbbniki 17hBGeaRd hhec8QBTREACIACCHALEIYBUER 8! hEM 33 of
CrV has a bcc crystal structure having (110y planes distant from each
other. A di stomparbatwteR hheéingle magnetic recording layer and is

insufficient in over-writing properties.

Summary. of the Invention:

It is an object of the present invention to
provide a magnetic recording medium which has improved
properties, such as coercive force (Hc), a reproduction
output, and a signal—to-noise (S/N) ratio.

It is another object of the present invéntion to
provide a magnetic recording medium which has good over-
writing properties and which can reduce noise.

It is still anocther object of the present
invention to provide a magnetic recofding medium which
has a magnetic layer divided into a plurality of magnetic
films with a nonmagnetic intermediate film interposed
therebetween and which exhibits improved magnetic
properties.

It is yet another object of the present_inventidn
to provide a method of manufacturing a magnetic recording
medium, which can control crystal lattice plane distances
(simply called crystal lattice plane disténces herein-
under) of both an underlayer of CrV and a magnetic film-
of a CoPt-based alloy so as to optimize the magnetic
properties of the magnetic recording medium.

A magnetic recording medium to which the present
invention is appliéable comprises a magnetic f£ilm which
includes at least both Co and Pt and which is specified

by a hexagonal close-packed (hcp) crystal structure |
This is the replacement sheet
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33.[err]
cryst al

v

34 [err] 35 (002) planes will be referred to as a first

having (002) planes remote from each other by a first
crystal lattice plane distance d(002) and an underlying
film which includes Cr and V, which is contacted with the
magnetic f£ilm, and which is specified by a body-centered
cubic (bce) crystal structurelhaving (110) planes distant
from each other by a second crystal lattice plane

distance d According to an aspect of the present

(1120)°
invention, the first and the second crystal lattice plane
distances d(OOZ) and d(110) have a difference which falls
within a range between 0.002 and 0.032 angstrom.
Specifically, the difference is given by subtracting the
second crystal lattice plane distance d(llO) by the first
crystal lattice plane distance d(OOZS'

According to another aspect of the present
invention, a magnetic recording medium comprises a
substrate, an underlying layer of a nonmagnetic material,
and a iamina on the underlying layer. The lamina
comprises a first magnetic film which is brought into
contact with the underlying layer, a nonmagnetic
intermediate film which is deposited on the first
magnetic £ilm and which is formed by a CrV based alloy
and specified by a body-centered cubic (bcc) crystal
structure having (110) planes distant from each other by
a crystal lattice plane distance d(llO)' and a second
magnetic film which is deposited on the nonmagnetic
intermediate f£ilm thch includes Co and Pt as primary
components and which is specified by a hexagonal close-

packed (hcp) crystal structure having (002) planes remote

.
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lattice plane distance and depicted at dlerr] while a distance berweemnm the
(110) planes will be referred to as a second crystal -;fmggﬁéégHg%RypEEé’adﬁce
and depicted at dlerr]. as.nentioned in conjunction with B

enbodi nent . rﬁhP,SHE@ W&S BEEWNshI ps] bet \é\eg{l th]e Li rst JMHEﬂw %'HHEI
crystal lattice pla | nces {d[err err e co y
about the thirdthi n@ﬁf@é@DgC of—CrV andadtqhe first magnetic film 31 of
CoPt Cr but al so about the nonnagnetic internmediate film33 of CrV and the

second nmagnetdyonf iddB e LR @ oY s @ Tdlticd gﬁﬁﬁr&iéﬂdhéi Im 2¢ and

the nonmagnetic internediate film 33 are contacte the first and the
second rragnetd(%ole)l S5 The aiey SZal r BSDECIE lahe distances d

(110) have a difference which is given by 4

(002) and

(002) "% (110)
and which falls within a range between 0.002 and 0.032

angstrom. It has been confirmed that the coercivity (Hc)
and the S/N ratio are deteriorated when the difference
d(002)‘d(110) is less than 0.002 anqstrom and is greater
than 0.032 angstrom. Preferably, the difference d(ooz)-
d(llO) may be restricted to a range between 0.014 and
0.030 angstrom in order to obtain a higher S/N ratio.
According to still another aspect of the present
invention, a method is for u;e in manufacturing a
magnetic recording medium as mentioned above and
comprises the step of successively depositing, by
spuﬁtering, a nonmagnetic underlying film.of a CrV based
alloy and a magnetic film of a CoPt based allby on the
nonmagnetic underlying film, at a temperature range.
between 250 and 425°C under an argon gas pressure between
0.5 and 10 mTorr. Preferably, the temperature falls
within a range between 300 and 400°C while the argon gas
pressure falls within a range between 1 and 8 mTorr.
| In addition, the first magnetic f£ilm also
includes Co and Pt as primary components and is specified
by a hexagonal close-packed (hcp) crystal structure
having (002) planes remote from each other by an
additional crystai lattice plane dfstance d(002)' In
this event, the underlying layer may include an

additional nonmagnetic film of a CrV based alloy which is

. - 3 adv gyt
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Ip addition, it is to be noted that the above relationship between the
third thin f|In12c and the first magnetic film31 is identical with that
bet ween the nonmagnetic internediate film 33 and the second nagnetic film
32 because the third thin film2c and the nonmagne- tic internediate film
33 are manufactured under the same conditions and the first and the second
magnetic filns 31 and 32 are manufactured on the sane conditions.
Accordingly, the relationship between the third thin film2c and the first

magnetic fil Boht add efiily (e £etax iRAlYtl DEIBE Ridd eHIVNTaget i C

internediate film 33 and the second magnetit film 32. The above

rel ati onshi p sipecifdad iled HybadyHddrtierw® cibieh (beo)bicaiyradiby
structure having (110) planes distant from each other by

a subsidiary crystal lattice plane distance d The

(110)°
additional and the subsidiary crystal lattice plane
distances d(OOZ) and d(110) is given by a difference

which is given by a4 and which falls within a

(002)"%(110)
range between 0.002 and 0.032 angstrom.

The magnetic film of a CoPt-based alloy may be
formed by a CoPtCr alloy which includes 4-20 at.% of Pt
and 3-30 at.% of Cr and may be preferably combined with
the underlying f£ilm or the nonmagnetic intermediate £ilm
of a CrV alloy which includes 4-40 ai.% of 9 and
preferably, 10-20 at.% of V. With this combination of
the magnetic film and the underlying film-or the
nonmaghetic intexrmediate film, uniform crystallization
can be accomplished in the magnetic film and the
underlying f£ilm or the nonmagnetic intermediate film
because they have uniform particle sizes. Moreover, such
a combination makes it possible to control the difference
d(002)_d(110) within the above-mentioned range.

The underlying layer which includes the
underlying film of the CrV-based alloy brought into
contact with the magnetic film may also include at least
one nonmagnetic underlying film situated under and
contacted with the'uﬁderlying film of the CrV-based

alloy. The nonmagnetic underlying film may be preferably

composed of a metal, such as Cr, Ti, Ta, Zr, or the like

This is the replacement sheet
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36 subtracting the second crystal |attice plane distance d[err] fromthe
fiTst crystal lattice plane distance d[err] and which may be sinply
represented by a difference d[err] - d[err]. Taking the above into
consideration, the difference d[err]-d[err] between the nonmagnetic
intermediate film 33 and the second maggetic film 32 alone is tabulated in
Table 4-1. This is true of Tables 4-2 and 5 which wll be shown

herei nafter. As apparent from Table 4-1, the first sanple 1 has the

difference duetdy -KH&r4]body +0eRLErédIshd AWM oddiDpadited adiPst@e eval uated by
-using a thin film

: structure and which has uniform crystal particles and
good crystallization. Such a nonmagnetic underlying f£ilm
of the body;centered and close-packed crystal structure
may have a thickness between 100 and 1000 angstroms to
obtain the uniform particle sizes. Preferably, the
thickness of the nonmagnetic undérlying £fiim may be
between 100 and 800 angstroms in view of higher
coercivity and a higher S§/N ratio. 1In addition, the
ratio of the CrV underlying £ilm to the nonmagnetic
underlying film of the body-centered and close-packed
‘erystal structure may fall within a range between 0.05
and 0.5 in order to improve the coercivity and the S/N
ratio.

Furthermore, a different nonmagnetic underlying
film may be located between the substrate and the above-
menticned nonmagnetic underlying film of the body- |
centered and close-packed crystal s;ructure and may be
formed by Al, Ti, Zr, or the like. The different
nonmagnetic underlying film may have a thickness falling
within a range between 10 and 100 angstroms. The range
ﬁay be determined by uniformity of the particle sizes
included in the nonmagnetic underiying film of the body-
centered and close-packed crystal structure. In the
light of the coercivity and the S/N ratio, the thickness
of the different nénmagnetic underlying £film may be

restricted to a range between 30 and 80 angstroms. '
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head which operates with a floating height kept at 0.060 [err] mat a
rél ati ve speed of 5 m's between the thin filmhead and the nagnetic disk or
the first sanple 1, and by measuring recordi ng and reproduci ng out puts
appearing on the track recording density of 110 kfci. In addition, a noise
spectrum of the magnetic di sk was neasuged during the signal recording and
reproduction of the magnetic disk by a spectrum anal yzer which had a
carrier frequency and a neasuring bandw dth which were set to 8.5 MHz and
20 MHz, respectivel yprige bEt8riptnvai 6k vRe prawbhdead which had a
recording track width of 4.2 Jerr] m a reproduc- tton track wwdth of 3.5
[err] m a recordingfrb@ap Lehgtd séchidral eviéw df aanthagrepi®duci ng gap
|l ength of 0.31 [err] m Second through twenty-ninth sanples 2 to 29:
recording medium according to a first embodiment of the

present invention;

Fig. 2 is a plan view of an in-line sputtering
apparatus for use in manufacturing the magnetic recording
medium ftllustrated in Fig. 1;

Fig. 3 is a sectional view of a magneﬁic
recording medium according to a second embodiment of the
present invention; and

Fig. 4 is a plan view of an in-l1ine sputtering
apparatus for use in manufactﬁring the magnétic recording
medium illustrated in Fig. éﬁ

Description of the Preferred Embodiments:

First Embodiment:

First Example of the First Embodiment:

Referring to Fig. 1, a maghetic recording médium
according to a first embodiﬁent of the present invention
is structured as a first example by a glass substrate 1,
an underlayer 2 on the glass substrate 1, and a single
magnetic f£ilm 3 on the underlayer 2. On the magnetic
film 3, a protection layer 4 and a lubricant layer 5 are
successively deposited by the use of an in-line
sputtering apparatus.

More specifically, the glass substrate 1 is
formed by aluminosilicate glass and is subjected to
mirror finish to provide a mirror finished surface 'which

has a roughness Ra of 50 angstroms. The underlayer 2 is

T i e rapiscement sheey
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| p Tables 4-1 and 4-2, the second through the twenty-fifth sanples 2 to 25
were manufactured in a manner simlar to the first sanple 1 except that the
37 conpositions and the thicknesses of the third thin films 2c of CrV, the
conpositions and the thicknesses of the nonmagnetic internediate filnms 33
of GV were changed, as shown in Tabl esig-1 and 4-2, together with the
substrate tenperatures and the argon gas pressures on depositing the third
thin filnms 2c and the nonmagnetic internediate filns 33.

formed by a first thin film 2a of Al deposited on the

glass substrate 1, a second thin f£film 2b of Cr on the
first thin film 2a, and a third thin film 2¢ of CrV on
the second thin film 2b. The first thin £ilm 2a of Al is
deposited to a thickness of 50 angstroms while the second
thin film 2b of Cr is 600 angstromé thick. Moreover, the
third thin film 2c¢c of CrV is deposited to a thickness of
50 angstroms énd has a composition ratio of 96 at.% of Cr
and 4 at.% of V.

The illustrated magnetic film 3 is formed by an
alloy of CoPtCr and is deposited to a thickness of 500
angstroms. In addition, the magnetic film 3 comprises 78
at.% of Co, 11 at.% of Pt, and 11 at.% of Cr. |

In the example illustrated, the protection layer
4 is composed of a first protection £film 4a deposited on
the magnetic f£ilm 3 and a second protection f£film 4b on
the first protection f£ilm 4a. The first protection.film
4a is formed by a Cr film of 50 angstroms and serveé as a
chemical protection film for the magnetic film 3 while
the second protection film 4b is formed by a silicon
oxide f£film of 160 angstroms thick in which hard fine
grains are dispersed. The second protection film 4b
serves to provide wear resistance.

The lubricant layer 5 is formed by perfluoro-
polyether (PFPE) and is operable to mitigate a contact
with a magnetic heéd.

Referring to Fig. 2, description will be now
directed to an in-line sputtering apparatus which is used
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Iy Table 4-2, the twenty-sixth through the twenty- ninth sanples 26 to 29
were manufactured in a manner simlar to the first sanple 1 except that the
third thin films 2c and the nonmagnetic internediate filnms 33 were forned
by alloys including CrVZr at different ratios. Each of the third thin filns
2c and the nonmagnetic internediate fil 33 was deposited to a thickness
of 50 angstrons. The running tests wereée ‘conducted in connection with the
second through the twenty-ninth sanples 2 to 29 with the floating head of

the thin {11 RgfykERtuZe Ond7RabBELL Mol BEATRT LA B 1ESACHORLRG (oots

wer e excell ent. rcive force
product (“”[fﬁr#i§; QUd &RE §ﬁul&ﬂE'QpW@ESring apparatus 10 comprises

a pallet load chamber (namely, a loadlock chamber) 11, a
sputtering chamber (vacuum chamber) 12, and a pallet
unload chamber 13 all of which are connected in line to
one another through bartition walls 14 and 21. The
illustrated sputtering chamber 12 is divided into a first
sputtering chamber 12a and a second sputtering chamber
12b coupled to each other through a partition 21.

Practically, each pallet 18 is loaded with a
plurality of glass substrates which are directed upwards
and downwards of Fig. 2. Under the circumstanceé, when
the pallet 18 is introduced into the pallet load chamber
11, the pallet lcad chamber 11 is exhausted from an
atmospheric pressure to a degree of a vacuum which is
similar to that of the first and the second sputtering
chambers 12a and 12b. Thereafter, the partition wail 14
is opened to introduce the pallet 18 into the first
sputtering chamber 12a.

Within the first sputtering chamber 12a, the
glass substrates mounted on the pallet 18 is heated by a
lamp heater 19 at a temperature of 300°C for one minute.
Then, the pallet 18 is transferred or transported at a
transfer speed of 1.2m/min. and allowed to successively
pass between targets 15a and 16a of Al and thereafter
between the targeﬁs 15b and 16b of Cr. Since the targets
15a and 16a and the following Largets 15b and 16b are put

in discharge states with an argon gas kept at a pressure
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neasured in a manner simlar to the first sanple 1 and tabulated in Tables
4-1 and 4-2. In addition, Tables 4-1 and 4-2 show the conpositions and the
t hi cknesses of the third thin film 2c of CV, the conpositions and the

t hi cknesses of the nonmagnetic intermediate filnms 33, and the substrate
tenperatures and the argon gas pressurgg on deposition of the third thin
films 2c and the nonnmagnetic 38 internediate filns 33. Moreover, the
differences d[err]- d[err] of the second through the twenty-ninth sanples 2

to 29 which gy & merd+ONechd Ne £AN UNEin OF Mid o d Nnd IV second thin
films 2b are deposited on both surfaces of each glass
substrate 1 mounted on the pallet 18. The targets 15a
and 16a are supplied with electric power of 300 Qatts
while the targets 15b and 16b are supplied with electric
power of 1.5 kilowatts.

Next, the pallet 18 is transported throuéh the
partition 22 to the second sputtering chamber 12b which
has a heater 20. The transported pallet 18 is heated by
the heater 20 again to a temberature of 375°C for one
minute within the second sputtering chamber 12b. Within
the second sputtering chambér 12b, CrV targets 15c and
l6c, CoPtCr targets 154 and ‘164, and Cr targets 15e and
16e are successively arranged in a transportation
direction of the pallet 18 and are put into discharged
states. The second sputtering chamber 12b isg filled with
an argdn gas of 1.3 mTorr. Under the circumstances; the
pallet 18 is allowed to successively pass between the CrV
targets 15c¢ and 16c, the CoPtCr targets 154 and 164, and
the Cr targets 1l5e and 16e at a transfer speed of 1.2
m/min. In this event, the CrV targets 15¢ and 16¢, the
CoPtCr targets 154 and 16d, and the Cr targets 15e and
l16e are supplied with electric power of 500 watts, 1.2
kilowatts, and 500 watts, respectively.. In addition,
the first and the second sputtering chambers 12a and 12b
are kept at a preséure which 1s equal to or less than 5 x

1078 Torr.
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sanpl e 1 have been also listed in Tables 4-1 and 4-2. First through sixth
conparative sanples: First through sixth conparative sanples were
fabricated in a manner which is sonewhat different fromthose of the first
through the twenty-ninth sanples 1 to 29. Specifically, the first
conparative sanple 1 is simlar to the ffrst sanple 1 except that each of
the third thin film2c and the nonmagnetic internediate film33 is forned
by C alone without V. The second conpara- tive sanple 2 conprises the

third thin film2c apgdnkBguBART9YNeheCthAtar PREhake1hi bE) 3gnwhi ch are
different in conposition fromthose of the first sanple 1. In addition, the

third and theageetid £00ImaBat aya $hepkEEs8 pRotdcBioOnNEDLLACRUAEE I N a
manner simlar to that of the
successively deposited to the thicknesses of 50, 500, and
50 angstroms, respectively, as mentioned in conjunction
with Fig. 1.

After completion of the deposition based on the
sputtering, hydrophilication is conducted by washing the
first protecﬁion Cr £film 4a by the use of isopropyl
alcohol (IPA). Thereafter, the second protection film 4b
is formed on the first prdtection film 4a by immersing
the above-mentioned substrate within an organic silicon
compound solution (a solution of water, IPA, and
tetraethoxysilane) in which fine particles (a particle
size of 100 angstroﬁs) of silica are dispersed.

Finally, the lubricant layer 7 is formed on the
second protection f£film 4b by a dipping process using
perflubropolyether (PFPE). Thus, the magnetic recording
medium illustrated in Fig. 1 is manufactured as the first
example by using the in-line sputtering apparatus shown
in Fig. 2. The first example may be considered as a
magnetic disk without loss of generality.

The magnetic disk so obtained has been measured
in connection with coercive force, a product Mrd (simply
called the product Mrd ) of residual magnetization and
thickness, and a signal-to-noise (S/N) ratio by
conducting a running test with a magnetic head floating
height kept at less than 0.075 g m. The results are

shown in Table 1-1 below. Table 1-1 also shows a
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first sanple 1 except that the substrate tenperatures and the argon gas
pressures on deposition of the third thin filnms 2c and the nonmagnetic
intermediate filnms 33 are changed fromthose used in nmanufacturing the
first sanple 1. Simlarly, the fifth and the sixth conparative sanples 5
and 6 had the third thin filnms 2c and l4he nonmagnetic internediate filnms 33
whi ch were manufactured under the substrate tenperatures and the argon gas
pressures different fromthose of the twenty-third sanple 23. 39

composition and a thickness of the third thin film 2c of
CrV, a heating temperature of a substrate (abbreviated to

a substrate temperature), and an Ar gas pressure together

with the coercive force, the product Mrd , 'and the S/N

ratio.
Table 1-1
Exam-— Magnetic 3rd Thin Film Subst~ | Ar Gas Hc | Mrd S/N | d¢ooz)~
ple Film.(g) (2c) rate | Pres- Ratio d(110)
Composition Tempe- | sure
5008 Composi—- | Thick- | rature
tion ness (memu
(at%) (at%) () | (C) | (alorr) | @e) | /cm?) | @B} | (R)
1 | CopgPtyiCryg | CrggVs 50 315 1.3 11920 |2.11 |31.5 |+0.028
2 v v 100 375 1.3 1960 ) 2.07 | 31.7 |.+0.027
3 " " 50 300 1.3 1810 | 2.10 |31.0 |+0.032
4 " ' 50 315 5.0 1850 (2.10 {31.2 | +0.032
5 " CrggV1g 50 375 1.3 2010} 2.19 _32.9 +0.025
6 ' v 100 375 1.3 2040 | 2.10 | 33.2 | +0.024
7 v ' 20 375 1.3 1950 { 2.08 | 33.0 | +0.026
8 ' ' 50 300 1.3 1910 { 2.10 | 32.0 | +0.028
9 ' ' 50 375 5.0 1900} 2.13 | 32.2 j +0.029
10 " CrggVag 50 375 1.3 |1970|2.19 |32.5 |+0.015
11 i ' 100 375 1.3 2000 | 2.09 |32.8 | +0.014
12 v ! 20 375 1.3 1960 | 2.03 | 32.8 | +0.015
13 v * 50 300 1.3 1800 1 2.10 | 32.4 |+0.018
14 ' v 50 375 5.0 1900 ) 2.10 | 32.3 | +0.020
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The running tests were conducted in connection with the first through the
si-xth conparative sanples 1 to 6 with the floating height of-the nmagnetic
head kept at 0.075 [err] m Subsequently, the coercive force (Hc), the
product (M[err] ), and the S/Nratio were neasured in the manner nenti oned
in conjunction with the first sanple 1.1¥he results are listed on Table 5
together with the conpositions and the thicknesses of the third thin filns
2c, the conpositions and the thicknesiqgﬁgf_ he nonmagnetic internediate
films 33, the substrate tenperatures, WBF argon gas pressures.
Furthernore, the differences d[err]-d[err] nentioned above are al so

t abul at ed pgra—Fgbte—-5—+o6—5peci-fy—therehattonsghips—hetweenr—t-he—frst—er—t he
-second nmagHeam-¢ fHagmat3d Qr B2 ThimlFilwe |Subst-|Ar Gas | Hec |Mrd S/N [ d(po2)~
ple Film (3) (2c) rate Pres- Ratio d(110)
Composition Tempe- | sure
500 % Composi- Thick~ | rature
tion ness {(memu
(at%) (at%) (%) (T) | (uTorr) | (Oe) | /cu?) | (dB) (2)
15 Co7gPt11Cryy | CrqpVag 50 375 1.3 1920 | 2.15 {31.4 | +0.006
16 " " 100 375 1.3 |1950 |2.20 |31.6 [+0.007
17 ' " 20 375 1.3 [1920|2.08 |31.6 |+0.006
18 O " 50 300 1.3 |1820]2.10 |31.2 |+0.012
19 " ' 50 375 5.0 |1850(2.10 |31.2 |+0.010
20 " CrgoVag 50 375 1.3 -|1880[2.10 |31.1 |+0.002
21 v e .50 300 1.3 |1800|2.20 |31.2 |+0.005
22 " " 50 375 5.0 [18502.18 |31.1 |+0.004
23 v CrgaVgZry 50 375 1.3 |2020(2.22 [33.7 {+0.027
24 ry CrggV12Zry | 50 375 1.3 |2080|2.24 |34.2 |+0.024
25 " CrqiVaqZrs | 50 375 1.3 |2040 [ 2.20 |33.6 |+0.015

Herein, it is to be néted that the magnetic film
3 of CoPtCr is structured by a hexagonal-close-packed
(hcp) crystal which has (002) planes and a first crystal
lattice plane distance d(002) between the (002) planes
while the third thin film or third underlayer 2c¢ of CrvV
which 1is brought into contact with the magnetic film 3 is
structured by a body-cublc-centered crystal which has
(110) planes and é second crystal lattice plane distance
d(liO)' In Table 1-1, a difference ocbtained by subtract-
ing the second crystal lattice plane distance d(llO) from

Trig e the TApIRCEMmEent Sieel
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third thin film2c or the nonmagnetic internediate film33. As shown in
Tables 4-1, 4-2, and 5, the first through the twenty-fifth sanples 1 to 25
whi ch have the third thin films 2c and the nonnagnetic internediate fil s
33 formed by CrV have been inproved in coercive force (Hc), the product
(MJerr]), and the SINratio as conparextbwith the first conparative sanple
llisted in Table 5. In addition, the twenty-sixth through the twenty-
ninth sanples 26 to 29 which have the third thin filnms 2c and the
nonmagneti c thEGEMEdtabey%kbﬂSl&&tﬂbeCpVZheaaQsahﬁeeiﬂ?hﬁ¥zdahﬁ t he
coercive force (Hc), the product (M[err] ), and the S tioin

conpari son mﬂkglbye first

On evaluating the S/N ratio, a thin film head has
been used which has a floating height of 0.060 um. In
this event, recording and reproduction cutputs were
measured at a track recording density of 80 kfci with a
relative speed kept at 5.4m/s between the thin £ilm head
and the magnetic disk. In addition, a noise spectrum of
the magnetic disk was measured during signal recording
and reproduction of the magnetic disk by a spectrum
analyzer which had a carrier frequency and a measuring
bandwidth which were set to 8.5 MHz and 20 MHz, respec-
tively. The thin film head used in the measurement had a
coil turn number of 60, a track width of 4.8 um, and a
head gap length of 0.25 £ m. As shown in Table 1-1, the
first example 1 has the difference between 4

(002) 2nd

d(llo)'which is equal to +0.028 angstrom.

Second through twenty-fifth examples 2 to 25:

Second through twenty-second examples 2 to 22
according to the first embodiment of the present
invention are enumerated along with the first example 1
in Tables 1-1 and 1-2. Herein, the second through the
twenty-second examples 2 to 22 are manufactured in a
manner gimilar to the first example except that the
compositions and the thicknesses of the third thin films
or third underlayefs 2c are changed together with the

substrate temperatures and the argon gas pressures.
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40 [err] 41 conparative sanple 1 which has the third thin film2c and
the nonmagnetic internediate film33 each of which is fornmed by Cr
Especially, addition of Zr to the OV alloy is very effective to reduce a
noi se and results in an inprovenent of the S/Nratio. Preferably, the
anmount 17

Each of the twenty-third through the twenty-fifth
examples 23 to 25 according to the first embodiment of
the present invention 1s specified by the first thin
film, namely, the first underlayer 2a of Al which has the
thickness of 50 angstroms and the roughness Ra of 10
angstroms and which is deposited by sputtering. 1In
addition, each of the twenty-third through the twenty-
fifth examples 23 to 25 has the third thin £ilm, namely;
the third underlayer 2c of a CrVZr alloy which has the
thickness of 50 angstroms and whidh has the composition
shown in Tables 1-1 and 1-2. Furthermore, the protection
layer 4 in each of the tweﬁty-third through the twenty-
fifth examples 23 to 25 is’ formed by a single film of
carbon which is deposited by sputtering.

The second through the twenty-fifth examples 2 to
25 were manufactured as magnetic disks and subjected to
running tests with the floating height of a magnetic head
kept at less than 0.075 g m. All of the examples 2 to 25
exhibited excellent results. In addition, the coercive
force (Hc), the product (Mrd ), and the S/N ration were
also evaluated in the manner mentioned in cénjunction
with the first example 1.

As shown in Tables 1-1 and 1-2, it has been found
out that the differences between the crystal lattice
plane distance d(002) of the magnetic film 3 of CoPticCr

and the crystal lattice plane distance d of the

{110)
third thin film 2c of CrV fall within a range between
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af .Zr may be restricted to a range between 2 and 5 at. % so as to reduce the
noi se and to thereby inprove the S/Nratio. By conparing the first through
the twenty-ninth sanples 1 to 29 of Tables 4-1 and 4-2 with the second

t hrough the sixth sanples 2 to 6 of Table 5, it has been found out that the
differences d[err]-d[err] of the crystd8 lattice plane distances between
the first magnetic filnms 31 and the third thin filns 2c ‘and the second

magnetic fil and t he nonmagnetic internediate filns 33 are variable in
dependency u&z‘r?%fzné‘ Mo 8% pogstarm kB ther EL¥sh tthyough dhey fventy-

nonmagneti c iften jate fil 33, the substrate tenperatures, and the
argon gas prggﬁtrhggeg(aﬁlgﬁegx&ggf’eisrhe second :

Comparative Examples 1 through 6:

Provision has been made about first through sixth
comparative examples 1 to 6 so as to compare magnetic
characteristics of the first through the sixth
comparative examples 1 to 6 with those of the first
through the twenty-fifth examples 1 to 25 according to
the present invention. In Table 2, the magnetic
characteristics of the first through the sixth

comparative examples 1 to 6 are enumerated for

comparison.
Table 2
Com- Magnetic 3rd Thin Film | Subst-|Ar Gas | Hc |Mrd S/N [d(go2)"
para- Film (3) (2¢) rate Pres- Ratio d(110)
tive | Composition Tempe- | sure
Exam-~ "5001% Composi- { Thick- | rature
ple tion ness (menu
(at%) (at%) (R) | () | (uTorr) | (Oe) | /cm?) | (@B) | (R)
1 Co7gPt11Cr11 Cr 50 3175 1.3 1650 | 1.89 | 28.5 | +0.035
2 ' Cr5gVs0 50 375 1.3 1870 | 2.11 | 28.6 | -0.015
3 " CrggVs 50 220 1.3 |1720}2.19 |28.8 |+0.037
4 ' re 50 375 | 18.0 1920 (1.80 |28.3 |+0.039
5 < CrgoVag 50 4390 1.3 1880 | 1.78 ]28.0 | -0.006
6 " ' 50 375 0.2 }1730(2.15 |27.6 |—0.008
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conparative
nonmagnet i c
at. % of Cr.
and results
t hrough t he

sanple 2 of Table 2 has the third thin film2c and the
internmediate film 33 each of which conprises 50 at% of V and 50
This renders the differences d[err]-d[err] into -0.015 angstrom
in a reduction of the SINration in conparison with the first
twenty-ninth sanples 1 to 23 As a result, it may be concl uded

that the amount of Vin the &V alloy preferably falls wthin a range
between 4 and 40 at.% in each of the third thin film2c - 42 and the

nonmagneti c

I nt er redAst @hbwnmid3 Table ?, the first comparative
examﬁle l is similar in structure to the first embodiment
of the present invention except that the third thin film,
namely, the third underlayer 3c 1is éomposed of Cr and
fails to include V. The second éomparative example 2 is
specified by the third thin £film of CxV which comprises
50 at.% of Cr and 50 at.% of V. |

The third and the fourth comparative examples 3
and 4 are manufactured in a manner similar to the first
embodiment of the present invention except that the
substrate temperatures and the argon gas pressures aré
varied on deposition of the third thin £ilm 2c¢c of Crv.

Likewise, the fifth and ihe sixth comparative
examples 5 and 6 are also manufactured by varying_the
substrate temperatures and the argon gas pressures from
those of the twentieth example 20.

. The first through the sixth comparative examples

1 to 6 were subjected to running tests which are similar
to those menticned in conjunction with the first through
the twenty-fifth examples 1 to 25. In addition, the
coercive force (Hc), the product (Mrd ), and the S/N
lratio were measured as shown in Table 2. 1In Table 2, the
compositions and thicknesses of the third thin films 2c,
the substrate temperatures, and the argon gas pressures
are also shown along with the differences between Lhe
crystal lattice pléne distance d(002) of the magnetic

film 3 of CoPtCr and the crystal lattice plane distance
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As apparent fromthe results of the third through the sixth conparative
Ssanples 3 to 6, the differences d[err]-d[err] are widely varied by the
substrate tenperatures and the argon gas pressures. Such a variation m ght
result fromthe fact that a lattice distortion in each filmis changed by
the substrate tenperature and the argongagas pressure. |In other words, the
differences d[err]-d[err] can be adjusted to a range between 0.002 and
0.032 angstrom by controlling the substrate tenperature and the argon gas

pressure togeaa&r WidHh {He anBePLaPhr VebRcasded with hend hhdghébid film 2c
and the nonmag Q% internediate film33. The third and the fourth
conparative sihes. 3 and 4 shown in Table 5 are identical with the first

From Tables 1-1, 1-2, and 2, it is readily
understood that the first through the twenty-second
examples 1 to 22 which include the third thin film of
CrV are improved in the coercive force {(Hc), the product
(Mré ), and the S/N ratio in comparison with the first
comparative example 1 which includes the third thin film
of Cr.

In addition, the twenty-third through the twenty-
fifth examples 23 to 25 which include the third thin
filmg 3¢ of CxrVZir are greater in the coercive force (Hc),
the product (Mré ), and the S§/N ratio than the fifst
comparative example 1. Especially, addition of Zr to the
CxrV alloy is effective to reduce a noise and therefore to
improve the S/N ratio. In this eveﬁt, it is preferable
that an amount of Zr falls within a range between 2 and 5
at.%, as shown in Table 1-2.

| By comparing Tables 1-1 and 1-2 with Table 2, it
has been confirmed that the differences d(002)_d(110)
between the crystal lattice plane distance d(002) of the
magnetic film 3 of CoPt and the crystal lattice plane

distance d of the underlayer contacted with the

(110)
magnetic film 3 are variable in dependency upon the
compositions of the underlayers, the substrate tempera-
ture, and the argon gas pressures.

For example, the third thin film, namely, 'the

third underlayer 2¢ of the third comparative example 2 _
o ths replacement sheet
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sanple 1 of Table 4-1 in the conpositions and the thicknesses of the third
thin film2c and the nonmagnetic internmediate film 33. However, the third
thin film2c and the nonmagnetic internmediate film 33 of each of the third
and the fourth conparative sanples 3 and 4 were deposited under the
substrate tenperature and the argon gagjpressure different fromthose of
the first sanple 1. Specifically, the third thin film2c and the
nonmagnetic internmediate film33 of the third conparative sanple 3 are

deposi ted atiddBudedPe 2atl€ 8f 20686{h&r WM N 36 Y€l dOVEF, t hpgn that of
the first sanple 1. This increases the difference d[err]-d[err] of the
third conpartiis ecssepl €hd apfﬁe%ﬂcé.n@%éﬂmdgfld)i si@dréduced to

-0.015 angstrom. Such a reduction of the difference

brings about a degradation of the S/N ratio, as compared

with the first through the twenty-fifth examples 1 to 25.

From this fact, the amount of V in the CrV alloy used as

the third thin £film 2c is desirably restricted to a range

between 4 and 40 at.%.

In addition, it is readily understood from the
third through the sixth comparati&e examples 3 toé6 tha£
the differences d(002)'d(;10) are also varied in
dependency upon the substrate temperatures and the argon
gas pressures. -This might be based on the fact that a
lattice defect or distortion takes place within the films
due to process conditions and is varied with a change of
the substrate temperatures and the argon gas pressures.

Accordingly, the differences d(OOZ)—d(llo) ean be
controlled within the range between 0.002 and 0.032
angstrom by adjusting the amount of V included in the
third thin film 2c together with the substpate tempera-
tures and the argon gas pressures. |

For instance, the third and the fourth compara-
tive examples 3 and 4 are identical in the compositions
and the thicknesses of the third thin film 2c with the
first example 1 but are manufactured under the substrate
temperature and tﬁe argon gas pressure which are
different from those of the first example 1. In the

third comparative example 3, the substrate temperature is
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43 Table 5 and consequently reduces the coercive force (Hc) and the S/N
ratio. In the fourth conparative sanple 4, the argon gas pressure is
extrenely increased. Such an increase of the argon gas pressure renders the
difference d[err]-d[err] into 0.039 angstromand results in a reduction of
M[err] and the S/INratio. In the fiftlpand the sixth conparative sanples 5
and 6, the third thin filnms 2c and the nonmagnetic internediate filns 33
have t he same conpositions and thicknesses as those of the twenty-third
sanpl e 23 bulogeeedepos2eiC Qnwhliehs uhsreakest enpeddfrfeeenaadtbhe.asggon

angstrom. As a result, the coercive force (Hc) and the
S/N ratio are reduced tb 1720 Oe and 28.8 dB, respec-
tively. In the fourth comparative example 4, the argon
gas pressure 1is increased to 18.0 mTorr. Such an
increase of the argon gas pressuie renders the difference
d(002)-d(110) into 0.059 angstrom. This results in
the reduciions of Mrd and the S8/N ratio, as shown in
Table 2.
' Furthermore, each of the £ifth and the sixth
comparative examples 5 and 6 has the composition and the
thickness of the third thin film 2c¢ which are identical
with those of the twentieth example 20 according to the
present invention but is manufactured by the substrate
temperature and the argon gas pressure which are
different from those of the twentieth example 20.
Specifically, the fifth comparative example 5 is
manufactured at the substrate temperature higher than the
twentieth example 20, which reduces the difference d(OOZ)—
d(llO) to -0.006. As a result, a reduction occurs in Mrd
and the 8/N ratio, as shown in Table 2.

On the other hand, the argon gas pressure is
reduced to 0.2 mTorr in the sixth comparative example 6.
The sixth comparative example 6 has the difference d(002)-
d(llO) reduced to ~0.008 angstrom and the reduced
coercive force (Hcs and the 8/N ratio, as shown in

Table 2.
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gas pressures different fromthose of the twenty-third sanple 23.
Specifically, the substrate tenperature is raised up to the tenperature of
430[err]Cin the fifth conparative sanple 5, which renders the difference
dierr]- d[err] into -0.006 angstrom As a result, the product M[err] and
the SSNratio is reduced in conparison ggth the twenty-third sanple 23. On
the ot her hand, the argon gas pressure i'S |lowered or reduced to 0.2 niorr
in the sixth conparative sanple 6. Such a reduction of the argon gas

pressure renders the -ﬂbééﬁgﬁé‘fﬁtﬁ[%%ﬁﬁeféi%*-:%r?ifé’-&%t%%tie?_”&é”d

results in a reducti as

conpared with the twegdy-third sanple 23. Thirtieth through forty-sixth
sanples 30 to 46: I

Twenty-sixth through thirty-fifth examples 26 to
35 are manufactured in a manner similar to the first
example 1 except that the compositions of the magnetic
films 3 and the compositions of the third thin films 2c¢
are changed from those of the first example 1. Further-
more, thirty-sixth through forty-third examples 36 to 43
are manufactured in a manner similar to the first example
1 except that both of the materials and the compositions
of the magnetic film 3 and the compositions of the
third thin films 2c are varied from those of the first
example 1.
The running tests were made about the twenty-
sixth through the forty-third examples 26 to 43 in a
manner similar to those mentioned above with the floating
height of the magnetic head kept at less than 0.075 u m.
The coercive force (Hc), the product Mrd , and the S/N
ratio were evaluated in connection with each example 26
to 43. In Table 3, the compositions of the magnetic
films 3, the compositions and the thicknesses of the
.third thin films 2¢, the substrate temperatures, and the
argon gas pressures are shown along with the coercive
force (Hec), Mré , and the S/N ratio. Moreover, the
differences the crystal latiice plane distance d(002) and
the crystal lattiée plane distance d(110) are also

enumerated in Table 3.
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Thirtieth through forty-sixth sanples 30 to 46 are sinmlar
the first through the twenty- ninth sanples 1 to 29 illustrated in Fig. 4
44 the third thin filnms 2c and the nonmagnetic internedi ate

except that

films 33 includes C and V at
sanple 1 and that the ratios
varied fromthe rati os of Cr
I n addition,

33.

it

is to be

forty-sixth sanples 44 to 46 included the first thin

ratios different fromthat of the first
of O and2¢ in the third thin films 2c are
and V in the nonnagnetic internediate filns
noted that the forty-fourth through the

in structure to

Table 3

Ex- | Magnetic 3rd Thin Film | Subst-)Ar Gas | Hc |Mré S/N | d(gp2)~
am- | Film 53! (2c) rate | Pres- Ratio d(110)
ple | Composition Tempe- | sure

5001 Composi~ | Thick- | rature

. tion ness (menu

(at%) (at%) () [(C) | Torr) | (Oe) | /cw?) | (@B) | (&)
26 | CogsaPts5Cryq CrggVig 50 375 1.3 1780 2.35 |31.4 |+0.010
27 i CrggVap 50 375 1.3 1800 | 2.40 | 31.0 | +0.003
28 | CoppPtigCryq CrggV1g 50 375 1.3 2150 { 1.98 | 31.6 | +0.032
29 v CrgoVao 50 375 1.3 2220 11.99 | 32.4 |+0.022
30 | CoggPty1Cry CrggV10 50 315 1.3 1860} 2.35 |32.0 | +0.030
31 ' CrggVag 50 375 1.3 1900 | 2.37 [32.5 +0.020'
32 | Cop,Pty1Cry5 Crgg¥10 50 375 1.3 2120 {2.05 32.7 +0.019
33 ! CrggVap 50 375 1.3 2140 { 2.05 |{31.8 |+0.009 |
3¢ | CoggPty1Cras CrgoV10 50 375 1.3 |22301.82 |31.5 |+0.012
35 e CrgoVazo 50 375 1.3 [2300[1.80 |[31.0 |+0.003
36 | Cog7Pt11Tas CrggV10 50 375 1.3 | 1850 | 2.40 30.1 |+0.026
37 ' CrggVag 50 375 1.3 1880 ) 2.41 | 30.5 | +0.019
38 | CoggPty1Tag CrggV10 50 375 1.3 |1900|2.20 |30.0 {+0.032
39 ' CrgoVag 50 375 1.3 |1900|2.18 |30.5 |+0.022
40 | CoygPty1CryjTay | CrggVig 50 375 1.3 |2020)2.00 |33.5 |+0.025
41 o Crgg¥20 50 315 1.3 [1980{2.02 |33.0 |+0.017
42 | CoaPty11CryTag | CrggVig 50 375 1.3 2080 | 1.70 }31.8 |+0.029
43 v CrggVsag 50 375 1.3 2050 [ 1.72 | 32.2 |+0.021
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film2a of Al which was deposited to a thickness of 50 angstrons by
Sputtering and which had a surface roughness Ra of 10 angstrons and the
sole protection |ayer 4 of carbon which was deposited to a thickness of 130
angstronms by sputtering. The thirtieth through the forty-sixth sanples 30
to 46 thus obtained were subjected to tge running tests with the floating
hei ght of the thin filmhead kept at 0.075 [err] mand found to be
excel l ent. The coercive force (Hc), the product (M[err] ), and the S/N
rati o were neasured Thet bRiPFBQAELfERNEkaAPTUe8bPFELH038VabMBEEs@atResanpl e

30 to 46. The results of the neasurenent are shown in Table 6 along with

t he subst r atehizdpehbbuf tImapdnahelg; gohegtbipd cesdertayers 2c of Crv
and the magnetic films 3 of the CoPtCr alloy. 1In
addition, the amount of V in the third thin films 2c fall
within the range between 10 and 20 at.%. Under the
circumstances, high coercive force (Hc) and a high S/N
ratio can be accomplished when each of the magnetic films
3 comprises 60-90 at.% of Co, 4-20 at.# of Pt, and 3-30
at.% of Cr. Preferably, the magnetic films 3 may
comprise 64-84 at.% of Co,'5-18 at.% of Pt, and 5-18 at.%
of Cr in order to achieve high coercive force (Hc) and
high S/N:ratios.

As apparent from the thirty-sixth through the
thirty-ninth examples 36 to 39 which comprise the
magnetic films 3 formed by CoPtTa alloys, high coercive
force (Hc) and high S/N ratios can be accomplished when
80-90 at.% of Co, 5-15 at.% of Pt, and 1-7 at.% of Ta are
included in the magnetic films 3.

Furthermore, the fortieth through the forty-third
examples 40 to 43 comprise the magnetic films 3 of
CoPtCrTa alloys. In this event, it is preferable that
70-80 at.% of Co, 5-15 at.% of Pt, 5-25 at.% of Cr, and
1-7 at.% of Ta may be included in the magnetic films 3 of
the CoPtCrTa alloys so as to obtain high cocercive force
(Hc) and high §/N ratios.

At any raﬂe, the first through the forty-third
examples 1 to 43 according to the first embodiment- are
excellent in static magnetic properties, such as the

Trie s s rapincement sneet

paie. 2 4 FEB 1997



“~

As_shown in Table 6, when the third thin film2c which includes 4 to 40
at.%of Vis conbined with the nonmagnetic internediate film 33 which al so
includes 4 to 40 at. % of V, it has been found out that the coercive force
(Hc), the product (MJ[err]), and the SINratio are increased. 45 [err]

26

coercive force, the product Mrd and in recording and
reproduction properties, such as S/N ratios and OW. With
this structure, it has been confirmed that the magnetic
disks formed by the above-mentioned examples have a large
output and a reduced medium noise even when a surface
recording density is increased to 500 Mb/in2 or more.

Second Embodiment:

First sample of the second embodiment.:

Referring to Fig. 3, a magnetic recording medium
according to a second embodiment of the present invention
is similar in structure to that illustrated in Fig. 1
except that a magnetic lamina 3a is substituted for the
magnetic film 3 illustrated in Fig. 1. Specifically, the
magnetic lamina 3a is formed by a first magnetic film 31,
a second magnetic film 32, and a nonmagnetic intermediate
film 33 interposed between the first and the second
magnetic films 31 and 32. |

In any event, the illustrated magnetic recording
medium will be called a first sample s0 as to distinguish
the second embodiment from the examples according to the
first embodiment and is structured by a glass substrate
1, an underlayer 2 on the glass substrate 1, the magnetic
lamina 3a, a protection layer 4 on the magnetic lamina
3a, and a lubricant layer 5 on the protection layer 4.
The underlayer 2, the magnetic lamina 3a, the protection
layer 4, and the iubricant layer 5 are successively
deposited on the glass substrate 1 by the use of the in-

line sputtering apparatus.
’ ’ This is the replacement sheet
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4@ In order to inprove the SINratio, it is preferable that the third thin
film2c of CV which includes 4-40 at.% of V is conbined with the
nonmagnetic intermediate film 33 of CV which includes 10-20 at. % of V or
that the third thin film2c of GV which includes 10-20 at.% of Vis
conbined with the nonmagnetic internedigie film 33 of CV which includes
4-40 at.%of V. For inprovenent of the S/Nratio, an optimm conbi nation of
the third thin film2c and the nonmagnetic internediate film33 is given by

a conbi nation of the spididiidamy, the?Gliagel 4dbBgri@e2q ak. Yorpo¥eand the
nonmagnetic internmediate film 33 including 10-20 at. % of V.

of aluminosilicate glass and is subjected to mirror
finish to provide a mirror finished sﬁrface which has a
roughness Ra of 50 angstroms. The illustrated underlayer
2 is formed by a first thin film 2a of Al deposited to a
thickness of 50 angstroms on the glass substrate 1, a
second thin film 2b of Cr deposited to a thickness of 600
angstroms on the first thin £ilm 2a, and a third thin
film 2c of CrV deposited to a thickness of 50 angstroms
on the second thin film 2b. .In the first sample 1 of the
second embodiment, the third thin film 2c¢ has a
composition of 96 at.% of Cr and 4 at.%:of V.

The first through the third thin films 2a to 2c¢
will be called first through third underlayers,
respectively, hereinunder. |

In the magnetic lamina 3a, the first magnetic
film 31 has the same materials as the second magneﬁic
film 32 and is composed of a CoPtCr alloy which comprises
78 at.% of Co, 11 at.% of Pt, and 11 at.% of Cr. In the
illustrated example, each of the first and the second
magnetic films 31 and 32 has a thickness of 120
angstroms. On the other hand, the nonmagnetic
intermediate film 33 between the first and the second
magnetic films 31 and 32 is composed of a CrV alloy
comprising 96 at.% of Cr and 4 at.% of V. The
nonmagnetic interﬁediate film 33 is 50 angstroms thick
and thinner than the first and the second magnetic films

31 and 32.
This is e raplacement sheet
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As, nentioned before, the ratios of & to V of the third thin filnms 2c are
different fromthose of the nonmagnetic internediate filns 33 in the
thirtieth through the forty-sixth sanples 30 to 46. Accordingly, the
differences d[err]-d[err] of the crystal lattice plane distances between
the first magnetic filnms 31 and the thiggd thin filnms 2c are sonmewhat
different fromthe differences d[err]-d[err] of the crystal lattice plane
di stances between the second magnetic filns 32 and the nonnagnetic

intermediate filns 3@heaPrb£§E%§ohnlI9QEe461sF@&ﬁ%@éedbefhatB?rger”Er and
the latter differences a wi thin the range between 0.002 and 0.032

angstrom Fopiytéeeveshhribmoughaspskyte@ubhhthanBeesadRagiet el imt hr ough
si xty-fourth sanpl es
32 and a second protection film 4b deposited on the first
protection film 4a. The first protection film 4a is
formed by a Cr film of 50 angstroms thick and serves as a
chemical protection film for the magnetic lamina 3a while
the second protection f£ilm 4b is formed.by a silicon
oxide film of 160 angstfoms thick. In the second
protection £ilm 4b, hard fine particles are dispersed to
provide wear resistance agalnst a mechanical shock.

The lubricant layer 5 is formed by perfliuoro-
polyether (PFPE) and serves to alleviate a contact with a
magnetic head.

Referring to Fig. 4, description will be made
about a method of manufacturing the first example
illustrated in Fig. 3 by the use of the in-line
sputtefing apparatus. Like in Fig. 2, the illustrated
in-line sputtering apparatus comprises a pallet load
chamber 11, a sputtering chamber 12, and a pallet unload
chamber 13 all of which are connected in series to one
another, as shown in Fig. 4. 1In the illustrated example,
.partition walls 14 and 21 are located between the pallet
load chamber 11 and the sputtering chamber 12 and between
the sputtering chamber 12 and the pallet unload chamber
13, respectively. In addition, the sputtering chamber 12
is divided into a.first sputtering chamber 12a and a
second sputtering chamber 12b coupled to each other

through a partition 21.
Thig is s replacernen? sNREl
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according to the second enbodi nent of the present 47 invention were
manuf actured in a manner similar to that nentioned in conjunction with the
first sanple 1 except that the ratios of the third thin filns 2c and the
nonmagnetic internediate filns 33 are changed fromthose of Table 1, as
shown in Table 7. In Table 7, it is to pe noted that the ratio of the third
thin film2c of each sanple 47 to 64 are substantially identical with that
of the nonmagnetic internediate film 33 and is not changed fromthe latter.
Within the first and the second sputtering

chambers 12a and 12b, target palrs are arranged in a
manner to be described to successively deposit the
underlayer 2, the magnetic lamina 3a, and the protection
layer 4 on the glass substrate 1 and to manufacture the
first sample 1 illustrated in Fig. 3.

Practically, when the pallet 18 which is
previously loaded with a plurality of glass substrates 1
is introduced into the pallet load chamber 11, the pallet
load chamber 11 is exhausted from the atmospheric
pressure to a degree of vacuum which is.similar to that
of the first and the second sputtering chambers 12a and
12b. Thereafter, the partition wall 14 is opened to
introduce the pallet 18 into the first sputtering chamber
i2a.

Within the first sputtering chambér 12a, each
glass substrate 1 on the pallet 18 is heated by a'iamp
heater 19 at a temperature of 300°C for one minute.
Then, the pallet 18 is transferred or transported at a
transport speed of 1.2 m/min and allowed to pass between
the targets 15a and 16a of Al and thereafter between the
targets 15b and 16b of Cr.

Since the targets 15a and 16a of Al and the
targets 15b and 16b of Cr are put in discharge states
with the argon gas kept at the pressure of 5 mTorr, the
first thin films éa and the second thin films 2b are
successively deposited in that order on both surfaces of
each glass substrate 1 mounted on the pallet 18. The

o ¥,
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More specifically, the ratio of conpositions in each of the first and the
second magnetic filnms 31 and 32, the ratio of conpositions in each third
thin film2c, and the ratio of conpositions in each nonmagnetic
intermediate film33 are varied in the forty-seventh to the fifty-sixth
sanples 47 to 56, as shown in Table 7, fyomthose of the first sanple 1
listed in Table 4-1. Likewise, it is apparent fromTable 7 that the
materials and the ratios of conpositions in the first and the second

magnetic fi | 88rgét8Nd532ankd 6620R100 E0BARRNLANGILA LHB EHELY AR N
films 2c, and the ratios of conpositions in e nonmagnetic internedi ate

films 33 arepyaeredfi Bobh@altils! whigwenhld thi-gegB ibB ahdt Ysboukt krsanpl es
57 to 64 fromthose of the first sanple 1
are supplied with the electric power of 1.0 kilowatts
during the sputtering. As a result, the first and the
second thin films 2a and 2b have the thicknesses of 50
and 600 angstroms, as mentioned above. |

Subsequently, the pallet 18 is transported or
transferred through the partition or port 22 to the
second sputtering chamber 12b which has a heatef 20. The
transported pallet 18 is heated by the heater 20 to a
temperature of 375C for one minute'within-the second
sputtering chamber 12b. | |

In order to successively deposit the films
illustrated in Fig. 3 in the illustrated order on the
second thin films 2b, CrV targets 15¢c and 1l6c, CoPtlCr
targets 15d and 164, CrV targets 15e and l6e, CoPtCr
targets 15f and 16f, and Cr targets 159 and 16g aré
arranged within the second sputtering chamber 12b and are
put in'discharge states with the argon gas kept at the
pressure of 1.3 mTorr. The pallet 18 is transported at
the transfer speed of 1.2 m/min between the respective
target pairs, namely, 15c and 164 to 15g and 16g.

During the transportation or movement of the
pallet 18, the third thin film or third underlayer 2c of
CrV, the first magnetic film 31 of CoPtCr, the nonmagne-
tic intermediate film 33 of Crv, the second magnetic film
32 of CoPtCr, and the first protection film 4a of Cr are
successively stacked in that order on the second thin

This is th
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The forty-seventh through the sixty-fourth sanples 47 to 64 were subjected

Yo the running tests with the floating height of the thin filmhead kept at
| ess than 0.075 [err] mand exhi bited excellent results. The coercive force
(Hc), the product (MJ[err] ), and the S/N 48 [err] 49 '

31

film 2b in the second sputtering chqmber 12b. 1In this
event, the CrV targets 15c¢ and 16c and 15e and 16e are
supplied with electric power of 500 watts while the
CoPtCr targets 15d and 164 and 15f and 16f are supplied
with electric power of 300 watts. 1In addition, the Cr
targets 15¢g and 16g are given electric power of 500
watts.

During the éputtering, the first and the second
sputtering chambers 12a and 12b are kept at a degree of
vacuum which is equal to or less than 5 x 10_G Torr.
Under the circumstances, the third thin £ilm 2c of CrVv
has the thickness of 50 angstroms while each of the first
and the second magnetic films 31 and 32 has the thickness
of 120 angstroms. Likewise, the nonmagnetic intermediate
film 33 of CrV is 50 angstroms thick while the first
protection film 4a is 50 angstroms ihick, as mentioned
before.

After completion of the above-mentioned
deposition, the first protection film 4a is washed by
isopropyl alcohel (IPA) to conduct hydrophilication.
Thereafter, the second protection film 4b is formed on
the first protection film by immersing the above-
processed substrate within an organic silicon compound
solution and by firing the substrate to leave a silicon
dioxide film on the first protection f£ilm 4a. The
organic silicon cémpound solution may be, for example, a
solution of water, IPA, and tetraethoxysilane in which

fine particles of silica are dispersed which have a
Thig is the replacament sheat
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rati o were neasured in the manner nentioned above to eval uate each sanple
27 to 64. The results of the neasurenent are shown in Table 7 along with
the substrate tenperatures and the argon gas pressures. Like in Table 1,
the differences d[err]-d[err] of the crystal lattice plane distances
between the first magnetic film 31 and 4%e third thin film2c are
substantially equal to the differences d[err]-d[err] of the crystal lattice
pl ane di stances between the second magnetic film 32 and the nonmagnetic

i nt er nedi at e phirtncid kacasF 1o tdigstddrs) fil ms 2c and the nonnagnetic

I nternmediate filnms 33 were deposited under the sane conditions as each
other and the first &ichailg,sadend ulegreintc lfaylers 531 saifd rdzdvene taleso
deposi ted under the
second protection film 4b by a dipping process using
perfluoropolyether (PFPE). Thus, the first sample
according to the second embodiment of the present
invention is manufactured and is operable as a magnetic
disk.

Like in the first embodiment, the ;unning test
was carried out with a floating height kept at 0.075 g m
in connection with the first samplg 1.. The first sample
1 exhibited an excellent result. Furthermore,
measurement of the first sample 1 was made about the
coercive force (Hc), the product (Mrd ) of residual
magnetization and thickness, the S§/N ratio. Such
measurement results are tabulated in Table 4-1.

Table 4-1 shows a composition and a thickness of
the third thin f£film 2c of CrV, a composition and a
thickness of the nonmagnetic intermediate film 33, and a
subs£rate temperature and an argon gas pressure on
depositing the third thin film 2c and the nonmagnetic
intermediate film 33 together with the coercive force
(Hc), the product (Mrd ), and the S§/N ratio.

Herein, each of the first and the second magnetic
films 31 and 32 of CoPtCr has a hcp crystal structure
having (002) planes distant from each other while each of
the third thin fiim 2c¢c and the nonmagnetic intermediate

film 33 of CrV has a bcc crystal structure having (110)

planes distant from each other. A distance between the
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same conditions as each other. In this connection, single values alone are
shown as the differences dlerr]- d[err] in the forty-seventh through the
sixty-fourth sanples 47 to 64 shown in Table 7. As shown in Table 7, the
forty-seventh through the fifty-sixth sggples 47 to 56 can acconplish high
coercive force (Hc) and high S/N ratios“By using the third thin filns 2c
and the nonmagnetic internediate filnms 33 each of which consists of. the CrV
al l oys including 10-20 at.% of V when each of the first and the second
magnetic filnms 31 and 32 of CoPtCr conprises 60-90 at.% of Co, 4-20 at. % of
Pt, and 3-30 at.% of Cr. Furthernore, it is preferable that each of the
first and the second magnetic filnms 31 and 32 conpri ses

ek o~ i !
~O ~Alolfrrlalaalwlsiolwlialojvwis|lvyinm]lolo
NH%NNQMNNNNNNHHHHHN
g7 U|lele|S|olo|o|le|sle|ejeo|a(o|e|(e]|o
gk ~ ] ololo|jojlojo|lololololololojlole|o
o Fl¥F{F | F{FlIFlFl]FlFIFIF|IFIFlIF]IFILF
o
g7 Slwlnleoidjle|a|lololAlal,]le 0| m
2N %mmmmmr—mwm&owm © | 0w ]| o
D=2 - T I S B T I T -~ - Y (- I T - T - O - SO - T S I -~ T A T A1
QE&“mNmmmmﬁwﬁmommmmm
gglele|dl|la|s|2|a|a|a|d|e|lalalala|
# Eljolcsjicslocloclclctleleslaldljalalalals
| ~lololo|lolololo|jolololoolololjlolol o
g o ||| S|l |[cleclo|B|adalvliala]l v | b
clojoloalolocojlololédlolojocolojlololoal o
wlAaAald|lm|a|ld|a]lQ|Q@[ml "l Q| Q]| |
7 -
§&msmmmommmmmommmmmc
Q&5 B
L oye
wm%gnmmommmmmommmmmcm
K-8 - 00 T B S =T NS B S I B B = B S O I B - - =
3o oo jom|[onloa|lm|[o|lom|a]lolo|lnlo]lo| o] o
N < I+ = ¥
T
Dl IR AP
~
Q| © ™M
it PO~ |lolololo|lolofjojelojlolojololjlaelolo
| . 8 8-
(1=
pe it i
8 ofn <« a 8
PO ~Als> |~ |-~ | - - - -] ]- 121~ ]~1=-1-1-+-
nagaew---%_---.o---_-
—b|gsw | o & 0
BSEE!l H 3 S
=z 8
|
a'ﬁm,«ocooooooooooocoo
— [~ 0 W | OS] W | | | Ol N ] Wl W n O NN} ]|
- 1o @°% ] — -
[< R F=TI = B
[ = e |
w~ Of 1
£y “ g 8
™ - | - | - I >] e« J - }=-]1]1=-1]®5o9!-1--1- 1= 1=
o [Bg®l %l =13z |=1=1%f=1{1]°]°
& |BS& | S 9 <
Or— |G & O
g . -
--18 !
=y ~ Tut
m—-oNn | O
oy |- 1 - |- 1-1«1«-~11]1=-1=-1]-1=1=-1=-1=-19="1-+
O X ~tl A~ f-~1-1- 1}t t-e 1 1- « 1 o 1 = &« 1 -
-—leﬁtn&ae-r-'
2 w | o
- Ao ® | w©
mEQw | =
(51 O
{
sq’ - | N M| N[ W]~ N O] H N M 0] WO
wa — | v~ { e~ | = | | |

This is the replacement sheet

74 FER 1Yy
Date: & L S S VN



.%of C so as to obtain

_ and 5-25 at
the high coercive force (Hc) and the high S/N ratio.

. % of Pt,

5-18 at

. % of Co,

5Q 64-84 at

as

when

hi gh

coercive force (Hc) and high S/N ratio4can be acconplished by inclusion of
I n addition,

When each of the first
.% of Cr.

and 1-7 at

. % of Pt,

5-15 at

each of the first and the

and the second magnetic filns 31 and 32 is fornmed by the CoPtTa all oys,
. % of Co,

shown in the fifty-seventh through the sixtieth sanples 57 to 60,

80-90 at
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second nmagnetic films 31 and 32 is formed by CoPtCrTa alloys, as listed in
the sixty-first through the sixty- fourth sanples 61 to 64, high coercive
force (Hc) and high S/N ratios can be achieved by inclusion of 70-80 at.%
of Co, 5-15 at.%of Pt, 5-25 at.%of C, and 1-7 at.% of Ta. Overwiting
(ON property tests: Evaluation has beeggconducted as regards overwiting
(OWN properties (dB) of the first through the sixty-fourth sanples 1 to 64
in a manner to be described below. At first, wite-in operation is carried

out at a frequeoey Plared Wizl apd +eréssedBh tas @ USEraN Okfdid1 V1 to occur
at a first stage. The overwiting (ON

lattice plane distance and depicted at d while a

(002)
distance between the (110) planes will be referred to as
a second crystal lattice plane distance and depicted at
d(llO)' as mentioned in conjunction with the first
embodiment.

Herein, let relationships between the first and
the second crystal lattice plane distances d(OOZ) and
d(llO) be considered not only about the third thin film
2c of CrV and the first magnetic film 31 of CoPiCr but |
also about the nonmagnetic intermediate film 33 of CrV
and the second magnetic £ilm 32 6f CoPtCr. At any rate,
the third thin f£ilm 2c and the nénmagnetic intermediate
film 33 are contacted with the first and the second
magnetic films 31 and 32, respectively.

In addition, it is to be noted that the above
relationship between the third thin £ilm 2¢ and the first
magnetic £ilm 31 is identical with that between the
nonmagnetic intermediate film 33 and the second magnetic
film 32 because the third thin film 2¢ and the nonmagne-
tic intermediate film 33 are manufactured under the same
conditions and the first and the second magnetic films 31
and 32 are manufactured on the same conditions.
Accordingly, the relationship between the third thin film
2c and the first magnetic film 31 applies to the
relationship betwéen the nonmagnetic intermediate £ilm 33

and the second magnetic film 32. The above relationship

is specified by a difference which is obtained by . ... coent shest
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operation is conducted at a frequency of 13.5 MHz at a second stage. After
“the overwriting operation, an output V2 is detected which is witten at the
frequency of 3.4 51 MHz during the first stage. The overwiting property
(OW is given by: ON(dB) = 20 log(V2/V1l). During the overwiting property
tests, the MR head used for testing the3girst sanple 1 was also used to-
evaluate the overwiting property with the sane floating height.

subtracting the second crystal lattice plane distance

d(llO) from the first crystal lattice plane distance

d(OOZ) and which may be simply represented by a

difference d Taking the above into

(002) "9 (110)"
conslderation, the difference d(002)_d(110) between the
nonmagnetic intermediate £ilm 33 and the second magnetic
film 32 alone is tabulated in Table 4-1. This is true of
Tables 4-2 and 5 thch will be shown hereinafter.

As apparent from Table 4-1, the first sample 1

has the difference d of +0.028 angstrom.

(002) "%(110)

The S/N ratio was evaluated by using a thin film
head which operates with a floating height kept at 0.060
g m at a relative speed of 5 m/s between the thin film
head and the magnetic disk or the first sample 1, and by
measuring recording and reproducing outputs appearing on
the track recording density of 110 kfci. 1In addition, a
noise spectrum of the magnetic disk was measured during
the signal recording and reproduction of the magnetic
disk by a spectrum analyzer which had a carrier frequency
and a measuring bandwidth which were set to 8.5 MHz and
20 MHz, respectively. The thin film disk was an MR head
'which had a recording track width of 4.2 g mn, a reproduc-
tion track width of 3.5 ¢ m, a recording gap length of
0.43 x m, and a reproducing gap length of 0.31 £ m.

Second through twenty-ninth samples 2 to 29:

In Tables 4-1 and 4-~-2, the second through the
twenty-fifth samples 2 to 25 were manufactured in ‘a

manner similar to the first sample 1 except that the
This is the replacement sheet
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In order to evaluate the overwiting properties, the fifth sanple 5 was
‘modi fied into sixty-fifth through sixty-seventh sanples 65 to 67 by
changi ng the thick- nesses of each of the first and the second magnetic
films 31 and 32, the third thin film2c, and the nonnmagnetic internediate
film33, as shown in Table 8. Likew se, 37he el eventh sanple 11 was nodified
I nto sixty-eighth through seventieth sanples 68 to 70 by changi ng the

t hi cknesses of each of the first and the second magnetic filnms 31 and 32,
the third thicohposdtonanandhtheobivhgkrésses noLrvieeli tihbrd i tiniB3f1 Bhei | ar
nodi ficati on was nmade about the first conparative sanple 1 so as to seventh
t hrough twel fih eHnprYatthe compbeityons ad the thicknesses of the

nonmagnetic intermediate films 33 of CrV were changed, as
shown in Tables 4-~1 and 4-2, together with the substrate
temperatures and the argon gas pressures on depositing
the third thin films 2c and the nonmagnetic intermediate
films 33.

In Table 4-2, the twenty-sixth through the twenty-
ninth samples 26 to 29 were manufactured in a manner
similar to the first sample 1 except that the third thin
films 2¢ and the nonmagnetic intermediate films 33 were
formed by alloys including CrVir at different ratios.
Each of the third thin films 2¢c and the nonmagnetic
intermediate films 33 was deposited to a thickness of 50
angstroms.

The running tests were conducted in connection
with the second through the twenty-ninth samples 2 to 29
with the floating head of the thin film head kept at
0.075 # m. The results of the running tests were
excellent. Like in the first sample 1, the coercive
force (Hc), the product (Mrd ), and the S/N ratio were
measured in a manner similar to the first sample 1 and
tabulated in Tables 4-1 and 4-2. 1In addition, Tables 4-1
and 4-2 show the compositions and the thicknesses of the
third thin films 2c¢ of CrV, the compositions and the
thicknesses of thé nonmagnetic intermediate f£ilms 33, and
the substrate temperatures and the argon gas pressures on

deposition of the third thin films 2c¢ and the nonmagnetic

This is the replacement shest
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The overwriting (ON properties were evaluated at each sanple listed in
‘Tabl e 8 and were represented by saturation val ues, as shown in Table 8.
This is because the overwiting properties tend to be saturated with an

increase of a wite-in current. 52 Table 8 Sanple Magnetic Film
3rd Thin FIIm Nonmagnetic Inter- Cygr- (31 & 32) (2c)
nmedi ate Film (33) Witing (ON Conposition Thi ck- Conposi - Thi ck-

Conposi - Thi ck-
intermediate films 33. Moreover, the differences

d(002)"
d(llO) of the second through the twenty-ninth samples 2
to 29 which are mentioned in conjunction with the first
sample 1 have been also listed in Tables 4-1 and 4-2.

First through sixth comparative samples:

.First through sixth comparative samples were
fabricated in a manner which is somewhat different from
those of the first through the twenty-ninth samples 1 to
29. Specifically, the first comparative sample 1 is
similar to the first sample 1 except that each of the
third thin film 2c and the nonmagnetic intermediate £ilm
33 is formed by Cr alone withoui V. The second compara-
tive sample 2 comprises the third thin film 2c and the
nonmagnetic intermediate film 33 which are different in
composition from those of the first sample 1. In
addition, the third and the fourth comparative samples 3
and 4 are manufactured in a manner similar to that.of the
first sample 1 except that the substrate temperatures and
the argon gas pressures on deposition of the third thin
films 2c¢ and the nonmagnetic intermediate films 33 are
changed from those used in manufacturing the first sample
1. Similarly, the fifth and the sixth comparative
samples 5 and 6 had the third thin films 2c¢c and the
nonmagnetic intermediate films 33 which were manufactured
under the substrate temperatures and the argon gas
pressures differént from those of the twenty-third sample

23.



W3

ness tion ness tion ness (at% (A (at%

1A (at% (A (dB) 5 Co[err]Pt[err]Cr[err] 120
Crerr]V[err] 50 Crerr]Verr] 50 -42.3 65

230 50 50 -38.5 66

120 150 39 50 -39.0 67

120 50 100 -38.0 11

120 Crerr]V[err] 50 Crerr]V[err] 50 -41. 3 68
230 Ple running tests wereOconducted8ih 88nnection

120 150 50 - -38.8 70

120 with thebfirst through the sift@h comparaB88ve Sampies- 1t twve
Sample 1 Co[err]Pt[err]Cr[err] 120 Cr 50 Cr
50 -3663with the floating height of the magnetic head kept at

0.075 £ m. Subsequently, the coercive force (Hc), the
product (Mrd ), and the S/N ratio were measured in the
manner mentioned in conjunction with the first sample 1.
The results are listed on Table 5 together with the
compositions and.the thicknesses of £he third thin £films
2c, the compositions and the thicknesses of the
nonmagnetic intermediate films 33, the substrate
temperatures, and the argon gas pressures. Furthermore,
the differences d(OOZ)-d(IIO) mentioned above are also
tabulated in Table 5 to specify the relationships between
the first or the second magnetic film 31 or 32 and the
third thin film 2c or the nonmagnetic intermediate film
33.

As shown in Tables 4-1, 4-2, and 5, the firét
through the twenty-fifth samples 1 to 25 which have the
third thin £films 2c¢ and the nonmagnetic intermediate
films 33 formed by CrV have been improved in coercive
force (Hc), the product (Mrd ), and the S§/N ratio as
.compared with the first comparative sample 1 listed in
Table 5.

In addition, the twenty-sixth through the twenty-
ninth samples 26 to 29 which have the third thin filwms 2¢
and the nonmagnetic intermediate films 33 of CrVZr are
also improved in the coercive force (Hc), the product

(Mrd ), and the S/N ratio in comparison with the first
This is the replacement sheet
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Cr[err]V[err]

200
120

50

120

Cr[err]Verr]
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270

53 As readily understood from Tabl e

120
120
40

Crerr]V[err]
-36.5 12

-32.0
and the sixty-fifty through the seventieth

-36.0 11
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properties in conparison with the first sanple 1. Mrreover, it has been
feund out from Table 8 that the overwiting properties are w dely changed
i n dependency upon the thicknesses of each magnetic film the third thin
film2c, and the nonmagnetic internediate film33. In order to acconplish
the overwiting properties less than -33,dB, it is preferable-that each of
the first and the second magnetic filns él and 32 has a thickness of |ess
than 230 angstrons while the third thin film2c and the nonmagnetic

| nt er medi at e ééd‘ﬂ&ﬁg éﬁsﬁaé e %@&d%l an %gtit he th| rd

respec- tively. Mor e pre Iy, e magnet | c
thin film2c t%%é:ﬂﬁaé@é‘t@@nﬂtérﬂ:@aféf@dfﬁix@ 33 ldadd3 &F auetdpl 140 or less

t han 150, 100, and 80

formed by Cr. Especially, addition of 2r to the Crv
alloy is very effective to reduce a noise and results in
an improvement of the S/N ratio. Preferably, the amount
of Zr may be restricted to a range between 2 and 5 at.%
so as to reduce the noise and to thereby ;mprove the S/N
ratio. |

By comparing the first through the twenty-ninth
samples 1 to 29 of_Tables 4-1 and 4-2 with the second -
through the sixth samples 2 to 6 of Table 5, it has been

found out that the differences d of the

(002) "% (110)
crystal lattice plane distances between the first
magnetic films 31 and the third thin films 2c and the
second magnetic films 32 and the nonmagnetic intermediate
films 33 are variable in dependency upon the compositions
of thé third thin films 2c and the nonmagnetic
intermediate films 33, the substrate temperatures, and
the argon gas pressures. For example, the second
comparative sample 2 of Table 2 has the third thin film
2c and the nonmagnetic intermediate film 33 each of which

.comprises 50 at% of V and 50 at.% of Cr. This renders

the differences d into -0.015 angstrom and

(002) "%(110)
results in a reduction of the S/N ration in comparison
with the first through the twenty-ninth samples 1 to 29.
As a resuit, it may be concluded that the amount
of V in the CrV alloy preferably falls within a range
between 4 and 40 at.% in each of the third thin film 2c

Tl e e rapecemsnt P aheer
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angstronms, respectively. According to the second enbodi nent of the present

I nvention, the magnetic recording medi um has excel lent static magnetic -
properties, such as coercive force, the product of residual magnetization
and thickness, and excellent recordi ng and reproduci ng properties, such as
S/Nratios and ONproperty. As a resultg2it is possible to obtain a |arge
output with a small nmedi um noi se even when the recording and reproduci ng
operation is carried 54 out at a surface recording density not |ess than
600 and the nonmagnetic intermediate film 33.

As apparent from the results of the third through
the sixth comparative samples 3 to 6, the differences
d(002)_d(110) are widely varied by the substrate
temperatures and the argon gas pressures. Such a
variation might result from the fact that a lattice
distortion in each film is changed by the substrate
temperature and the argon gas pressure. In other words,
the differences d(OOZ)'d(IIO) can be adjusted to a range
between 0.002 and 0.032 angstrom by controlling the
substrate temperature and the argon gas pressure together
with the amount of V included in the third thin f£film 2c¢
and the nonmagnetic intermédiate film 33.

The third and the fourth comparative samples 3
and 4 shown in Table 5 are identical with the first
sample 1 of Table 4-1 in the compositions and the
thicknesses of the third thin film 2c¢ and the nonm&gnetic
intermediate film 33. However, the third thin film 2c¢
and the nonmagnetic intermediate film 33 of each 0of the
third and the fourth comparative samples 3 and 4 were
deposited under the substrate temperature and the argon
gas pressure different from those of the first sample 1.

Specifically, the third thin film 2c¢ and the
nonmagnetic intermediate £ilm 33 of the third comparative
sample 3 are deposited at the temperature of 220°C which
is very lower thaﬁ that of the first sample 1. This
increases the difference 6(002)-d(110) of the thirad

comparative sample 3 to 0.037 angstrom, as listed in
This is the replacement sheet
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Ma/in[err]. Wile the present invention has thus far been described in
tonjunction with a few enbodi nents thereof, it will be readily possible for
those skilled in the art to put the present invention into practice in
vari ous other manners. For exanple, when each magnetic filmin the first
and the second enbodi ments is fornmed by 43PtCrTa, it may preferably include
1-18 at. % of C, 1-15 at.% of Pt, 1-8 at.% of Ta, and the bal ance forned by
Co. In addition, each magnetic filmmay be, for exanple, a filmwhich
i ncl udes an oRadde(boandnsbaseguentiyi vadozedethadéoerthee| E&egei Haddi ti on
to Co and Pt, or which includes a magnetic material or nmagnetic materials
di spersed wi t an@d bReds/Br rakides. Imhtheubeurthecampayabive sample 4,

the argon gas pressure is extremely increased. Such an

increase of the argon gas pressure renders the difference

d(OOZ)_d(IIO),intO 0.039 angstrom and results in a

reduction of Mrd and the S/N ratio.

In the fifth and the sixth comparative samples 5

and 6, the third thin films 2c and the nonmagnetic

intermediate films 33 have the same compositions and

thicknesses as those of the twenty-third sample 23 but

are deposited on the substrate temperatures and the argon

gas pressures different from those of the twenty-third

sample 23. Specifically, ithe substrate temperature is

raised up to the temperature of 430°C in the fifth

comparative sample 5, which renders the difference d(002)-

d(110) into -0.006 angstrom. As a result, the product
Mré and the S§/N ratio is reduced in comparison with the
twenty~third sample 23. On the other hand, the argon gas
pressure is lowered or reduced to 0.2 mTorr in the sixth
comparative sample 6. Such a reduction of the argon gas
pressure renders the difference d(002)-d(110) into -0.008
angstrom and results in a reduction of the coercive force
(Hc) and the S/N ratio as compared with the twenty-third
sample 23.

Thirtieth through forty-sixth samples 30 to 46:

Thirtietﬁ through forty-sixth samples 30 to 46
are similar in structure to the first through the' twenty-
ninth samples 1 to 29 illustrated in Fig. 4 except that

Thig ig the raplacement sheel
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farmed by a nonmagnetic material and may be, for exanple, a crystallized
gtass substrate, an alum num substrate, a ceram c substrate, a carbon
substrate, a silicon substrate, or the like. The first protection film 4a
may be, for exanple, a silicon oxide film a carbon film a zirconia film
a carbon hydride film a silicon nitrideefdilm a SICfilm In addition, the
second protection film4b may be, for exanple, a carbon film deposited on
the first protection filmby sputtering. Herein, it is noted that the
silicon oxi dethel shiirdchhis [fdilcsolct hedsthet nahragpetuds antarmedtiatieng
fil mwhich has undul ation and which is effective to avoid stiction of a
magneti ¢ headfi®dush33 texiludesgCi amdndlyat ratios different from that

of the first sample 1 and that the ratios of Cr and V in

the third thin films 2c¢ are varied from the ratios of Cr

and V in the nonmagnetic intermediate films 33. 1In

addition, it is to be noted that the forty-fourth through

the forty-sixth samples 44 to 46 included the first thin

film 2a of Al which was deposited to a thickness of 50

angstroms by sputtering and which had a surface roughness

Ra of 10 angstroms and the sole protection layer 4 of

carbon which was deposited to a thickness of 130

angstroms by sputtering.

The thirtieth through the forty-sixth samples 30
to 46 thus obtained were subjected to the'running tests
with the floating height of the thin film head keét at
0.075 # m and found to be excellent. The coercive force
(Hc), the product (Mrd ), and the S§/N ratio were measured
in the manner mentioned above to evaluate each sample 30
to 46. The results of the measurement are shown in Table
6 along with the substrate temperatures and the argon gas
pressures.

As shown in Table 6, when the third thin film 2¢
which includes 4 to 40 at.% of V is combined with the
nonmagnetic intermediate film 33 which also includes 4 to
40 at.% of VvV, it has been found out that the coercive
force (Hc), the broduct (Mxrd ), and the S/N ratio are

increased.
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-pe.either an alumnumfilmor an AINfilm As regards the magnetic film

&

anount of

.% in consideration of the

Is preferable that a total
(at
o Co and Pt,

It

to or greater than 70 at

ding to the first enbodi nent,
i s equal

Co and Pt

accor

.% desirably falls within a

.%@/Oo

A ratio of Pt(at

coercive force (Hc).

3

In additio

range between 0.07 and O. 2.

t he magnetic film may

This is the replacement sheet
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magnetic filmmy be fornmed by a CoPtCr alloy, a CoPtCrTa alloy, a CoPtCrN
‘al l oy, or the like. The thickness of the nagnetic filmmay be between 400
and 550 angstrons in view of the output, the overwiting property, and the
noi se. Wen the thickness of the magnetic filmis |less than 400 angstrons,
a sufficient output mght not be obtaingg while the noise tends to increase
when the thickness of the magnetic fil mexceeds 550 angstrons. Moreover,

t he underlayer 2 may include at |east one filmof CV which includes |ess

than 50 at.% of V. Tht$ éﬁ@@C@gSﬁn%f@VéJ%|§wrr&i§ forngg by particles
of a uniform size and has good crys |Tzation. I'nstead of a part of V, at

| east one of pheféfalle Mhaf\thdathfed thin REL1kac % dhv Sthick, H, A,
Ti may be added to the
includes 4-40 at.% of V is combined with the nonmagnetic
intermediate film 33 of CrV which includes
10-20 at.% of V or that the third thin film 2c of Crv
which includes 10-20 at.% of V is combined with the
nonmagnetic intermediate £ilm 33 of CrV which includes
4-40 at.% of V. For improvement of the S/N ratio, an
optimum combination of the third thin film 2c¢ and the
' nonmagnetic intermediate film 33 1is given by a
combination of the third thin film 2¢ including 10-20
at.% of V and the nonmagnetic intermediate film 33
including 10-20 at.% of V.

As mentioned before, the ratios of Cr to V of the
third thin films 2c are different from those of the
nonmagnetic intermediate films 33 in the thirtieth
through the forty-sixth samples 30 to 46. Accordingly,

the differences d of the crystal lattice

(002)"9(110)
plane distances between the first magnetic films 31 and
the third thin films 2c are somewhat different from the
.differences d(002)_d(110) of the crystal lattice plane

distances between the second magnetic films 32 and the

nonmagnetic intermediate films 33, as listed in Table 6.
However, both the former and the latter differences all

fall within the range between 0.002 and 0.032 angstrom.

Forty-seventh through sixty-fourth samples:

Forty-seventh through sixty-fourth samples

according to the second embodiment of the present
This is the replacement sheet
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magnetic filmas a subsidiary conponent. In this case, it is desirable that
asum anount of V and the subsidiary 56 conponent does not exceed 50
at.% so as to inprove the particle size and crystallization. It is
preferable that the thickness of the underlayer falls within the range

bet ween 10 and 150 angstroms to provide4n pertinent crystal lattice plane
di stance between (110) planes. Mre preferably, the thickness of the
under | ayer is between 20 and 100 angstrons. Wien the CrVZr alloy is used
for the undednapgation wexe hiamhfddtuddd 2@ wanmler similar to that

mentioned in conjunction with the first sample 1 except
that the ratios of the third thin films 2c and the
nonnagnetic intermediate films 33 afe changed from those
of Table 1, as shown in Table 7. In Table 7, it is to be
noted that the ratio of the third thin f£ilm 2c¢ of each
sample 47 to 64 are substantially identical with that of
the nonmagnetic intermediate film 33 and is not changea
from the latter. |

More specifically, the ratio of compositions in
each of the first and the second magnetic films 31 and
32, the ratio of composiiions in each third thin film 2c,
and the ratio of compositioﬁs in each nonmagnetic
intermediate film 33 are varied in the forty-seventh to
the fifty-sixth samples 47 to 56, as shown in Table 7,
from those of the first sample 1 listed in Table 4-1.

Likewise, it is apparent from Table 7 that-the
materials and the ratios of.compositions in the first and
the second magnetic films 31 and 32, the ratios of
compositions in the third thin films 2c¢, and the ratios
of compositions in the nonmagnetic intermediate films 33
.are varied in the fifty-seventh through the sixty—fourth
samples 57 to 64 from those of the first sample 1.

The forty-seventh through the sixty-fourth
samples 47 to 64 were subjected to the running tests with
the floating heigﬁt of the thin film head kept at less
than 0.075 ¢ m and exhibited excellent results. The
coercive force (Hc), the product (Mrd ), and the S/N
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i ncludes C and V,
al | oy because the addition of Zr

The
. %

is effective to reduce the noi se.

the SSNratio is inproved by addition of Zr to the CrV
bet ween 20 and 100 angstronms. This is because the

preferably,

the CrVZr alloy may have the thijgkness between 10 and 150
coercive force becones

anount of Zr preferably falls within the range between 2 and 5 at

Furt her,
angstrons,

| ess than 10

S

angstrons whil e reductions of the output and the overwiting property take
place with an increase of the noise when the thickness of the G VZr exceeds

i nsufficient when the thickness

n,
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Il pcl ude nore than two magnetic filns, nanely, three, four, or five magnetic
films. In this event, the nonnagnetic internediate filmor filns interposed
bet ween two adj acent ones of the magnetic filnms include at |east one
nonmagnetic internmediate filmof CrV. The |lam na 3a may be structured by a
conmbi nation of a magnetic filma 57 ggnnmagnetic filma magnetic film a
conbi nation of a magnetic filma nonmagnetic filma magnetic filma
nonmagnetic filma magnetic film or a conbination of a magnetic filma

nonmagnetic fidita wesdohésshiédt 8n the manner mentioned above to
evaluate each sample 47 to 64. The results of the
measurement are shown in Table 7 along with the substrate
temperatures and the argon gas pressures.

Like 1n Table 1, the differences d of

(002) "%(110)
the crystal lattice plane distances between the first
magnetic film 31 and the third thin £ilm 2¢ are

substantially equal to the differences @ of

(002) "%(110)
the crystal lattice plane distances between the second
magnetic film 32 and the nonmagnetic intermediate film 33
because the third thin films 2c and the nonmagnétic
intermediate films 33 were deposited under the same
conditions as each other and the first and the second
magnetic films 31 and 32 were also deposited under the
same conditions as each other. 1In this connection,
single values alone are shown as the differences d(002)-
d(11oj in the forty-seventh through the sixty-fourth
samples 47 to 64 shown in Table 7.

As shown in Table 7, the forty-seventh through
the fifty-sixth samples 47 to 56 can accomplish high
coercive force (Hc) and high S§/N ratios by using the

| third thin films 2c and the nonmagnetic intermediate
films 33 each of which consists of the CrV alloys
including 10-20 at.® of V when each of the first and the
second magnetic films 31 and 32 of CoPtCr comprises 60-90
at.% of Co, 4—20'at.% of Pt, and 3-30 at.% of Cr.

Furthermore, it is preferable that each of the

first and the second magnetic films 31 and 32 comprises

(g is the rgplacement shest
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nonmagnetic filma magnetic filma nonmagnetic filma magnetic film The
magnetic filns nmay have conpositions and materials which are identical with
one another or which are different fromone another. This is true of the
plurality of the nonmagnetic filns. Each of the nmagnetic filns nay have a

t hi ckness between 20 and 230 angstrons50preferably, between 40 and 150
angstrons. Less than 20 angstrons of the nmagnetic fil mmakes the coercivity
i nsufficient while nore than 230 angstrons of the nmagnetic film makes the
medi um noi séb41fk etsct ER PP of5the atorfregfhdti,c and s 2fa\athdv @fa Ghiskness

bet ween 10 and 100 angstrons, g&gferabl , between 30 and 80 angstrons. This
i s because la&d4q iphtain dhpth e Xy e Figh il Andnthaidrleh t he

S/N ratio.

When each of the first and the second magnetic
films 31 and 32 is formed by the CoPiTa alloys, as shown
in the fifty-seventh through the sixtieth samples 57 to
60, high coercive force (Hc) and high S/N ratios can be
accomplished by inclusion of 80-90 at.% of Co, 5-15 at.%
of Pt, and 1-7 at.% of Cr.

In addition, when each of the first and the
second magnetic films 31 and 32 is formed by CoPtCrTa
alloys, as listed in the sixty-first through the sixty-
fourth samples 61 to 64, high coercive force (Hc) and
high S/N ratios can be achieved by inclusion of 70-80
at.% of Co, 5-15 at.% of Pt, 5-25 at.% of Cr, and
1-7 at.% of Ta.

Overwriting (OW) property tests:

Evaluation has been conducted as regards
overwriting (OW) properties (dB) of the first through the
sixty-fourth samples 1 to 64 in a manner to be described
below.

At first, write-in operation is carried out at a
fregquency of 3.4 MHz and is assumed to cause an output V1
to occur at a first stage. The overwriting (OW)
operation is conducted at a frequency of 13.5 MHz at a
second stage. Aftei the overwriting operation, an ouiput

V2 is detected which is written at the freguency of 3.4
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cercivity while nore than 100 angstrons of the nonmagnetic film brings
about a reduction of the reproduction output, degradation of the
overwiting property, and an increase of the nedi um noi se. 58 WHAT | S
CLAIMED I'S: 1. A magnetic recording nmediumconprising: a nmagnetic film
whi ch includes at |least Co and Pt and wgich is specified by a hexagonal
cl ose- packed (hcp) crystal structure having (002) planes renote from each
other by a first crystal lattice plane distance d[err];

MHz during the first stage. The overwriting property

(oW) is given by:

OW (dB) = 20 log{(v2/vl).

During the overwriting propertf tests, the MR
head used for testing the first sample 1 was also used to
evaluate the overwriting property with the same floating
height.

In order to evaluate the overwriting propefties,.
the fifth sample 5 was modified into sixty-fifth through
sixty-seventh éamples 65 to 67 by changing the thick-
nesses of each of the first and the second magnetic films
31 and 32, the third ihin film 2¢, and the nonmagnetic
intermediate film 33, as shown in Table 8. Llikewise, the
eleventh sample.ll was modified into sixty-eighth through
seventieth samples 68 to 70 by changing the thicknesses
of each of the first and the second magnetic films 31
and 32, the third thin film 2c, and the nonmagnetié
intermediate film 33.

Similar modification was made about the first
comparative sample 1 so as to seventh through twelfth
comparative samples 7 to 12.

The overwriting (OW) properties were evaluated at
each sample listed in Table 8 and were represented by
saturation values, as shown in Table 8. This is because
the overwriting properties tend to be saturated with an

increase of a write-~-in current.
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an underlying filmwhich includes & and V, which is contacted with the
-magnetic film and which is specified by a body-centered cubic (bcc)

crystal structure having (110) planes distant fromeach other by a second
crystal lattice plane distance d[err]; the magnetic film and the underlying
filmbeing specified by a difference bghween the first crystal lattice

pl ane di stance d[err] and the second crystal |attice plane distance
dlerr], the difference being given by subtracting -the second crystal

| attice plane distance d[err] fromthe first crystal |attice plane distance
dierr]and falling within a range between 0.002 and O. 032 angstron1 2. A
magneti c recordi ng nedi um as cl ai ned pih1e 8

Sample | Magnetic Film 3rd Thin Fllm Nonmagnetic Inter- { Over-
(31 & 32) (2¢) mediate Film (33) | Writing
Composition | Thick- Composi- | Thick- Composi- | Thick~ o0
ness tion ness tion ness
(at%) (R) (at%) (R) . (at%) (1) (dB).
5 CorgPtyiCryy | 120 CrggVig 50 CrggV¥10 50 -42.3
65 © 230 ' 50 v - 50 -38.5
66 v 120 e 150 v 50 -39.0
67 ' 120 | v | s0 v | 100 ~38.0
1 o 120 |CrggVpp | 50  |Crggvag | 50 -41.3
68 o 230 o 50 v | s0 -38.5
69 v 120 b 150 " 50 -38.8
T0 ' 120 ' 50 v 100 -38.0
Compara-
tive
Sample
1 CoygPt11Cryy | 120 Cr 50 Cr 50 -36.3
7T v 270 CrggVig 50 CrggVig 50 ~-36.5
8 ' 120 i 200 ' 50 -36.8
9 ' 120 v 50 r 150 -32.1
10 v 270 CrgoVag 50 CrggVag 50 -36.0
11 ' 120 v 200 ' 50 ~36.5
12 v 120 v 50 ' 150 -32.0
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~claim1l1, further conprising: a substrate which underlies the underlying
filmand which is directly contacted with the underlying film 3. A
magneti c recording mediumas clained in claiml, further conprising: at
| east one subsidiary underlying filmwhich underlies the underlying film
and which is brought into 59 contact5®& th the underlying film and a
substrate kept in contact with the at |east one subsidiary underlying film
As readily understood from Table 8, the fifth,
the eleventh, and the sixty-fifty through the seventieth
samples 5, 11, 65 to 70 each of which includes the films
of CrV are very excellent in the overwriting (OW)
properties in comparison with the first sample 1.
Moreover, it has been found out from Table 8 that
the overwriting properties are widely changed in
dependency upon the thicknesses of each magnetic film,
the third thin £film 2c, and the nonmagnetic intermediate
film 33. In order to accomplish the overwriting
properties less than -38 dB, it is preferable that each
of the first and the second magnetic films 31 and 32 has
a thickness of less than 230 angstroms while the third !
thin film 2¢ and the nonmagnetic intermediate film 33 are
egual to or less than 150 and 100 angstroms, respec-
tively. More preferably, the magnetic films 31 and 32,
the third thin £film 2c, and the nonmagnetic 1ntermédiate
filn 33 are equal to or less than 150, 100, and 80
angstroms, respectively.
According to the second embodiment of the present
invention, the magnetic recording medium has excellent
‘static magnetic properties, such as coercive force, the
product of residual magnetization and thickness, and
excellent recording and reproducing properties, such as
S/N ratios and OW property. As a result, it is possible

to obtain allarge.output with a small medium noise even

when the recording and reproducing operation is carried

\ o m S
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4. A magnetic recording nediumas clained in claim3, wherein the at |east
one subsidiary underlying filmis conposed of a nonmagnetic material which
has a body-centered and cl ose-packed crystal structure. 5. A magnetic
recording mediumas clainmed in claim4, wherein the nonmagnetic nmaterial is
formed by a netal selected froma groupggonsisting of Cr, Ti, Ta, and Zr.
6. A magnetic recording mediumas clainmed in claiml1l, wherein the nmagnetic
filmis conposed of a CoPtCr alloy. 7. A magnetic recording nedi um as

Z ! 26 rrgfl :%nofc bgthmag;nng?%e%zgqa;;té f}:ﬁeoc%%i(ﬁrg WA SO 3835AnAR @loo% of Co,
Mb/in?,

While the present invention has thus far been
described in conjunction with a few embodiments thereof,
it will be readily possible for those skilled in the art
toc put the present invention into practice in wvarious
other manners. For example, when each magnetic f£ilm in
the first and the second embodiments is formed by
CoPtCrTa, it may preferably include 1-18 at.% of Cr, 1-~15
at.% of Pt, 1-8 at.% of Ta, and the balance formed by Co.
In addition, each magnetic film may be, for.example, a
£film which 1ncludes-an oxide (for instance, yttrium oxide
and/or the like) in’‘addition to Co and Pt, or which
includes a magnetic material or magnetic materials
dispersed within oxide or oxides. The substrate 1 may be
formed by a nonmagnetic material and may be, for example,
a crysiallized glass substrate, an aluminum substrate, a
ceramic substrate, a carbon substrate, a silicon
substrate, or the like. The first protection film 4a may
be, for example, a silicon oxide film, a carbon film, a
zirconia film, a carbon hydride film, a silicon nitride
film, a 8iC film. In addition, the second protection
film 4b may be, for example, a carbon film deposited on
the first protection film by sputtering.

Herein, it is noted that the silicon oxide film
which 1s laid on ihe substrate serves as a texturing film
which has undulation and which is effective to avoid

stiction of a magnetic head. Such a texturing film may

This is the replacement sheet
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8.- A magnetic recording nediumas clainmed in claim1, wherein the magnetic
filmis conposed of a CoPtCrTa alloy. 9. A nagnetic recordi ng nedi um as
claimed in claiml1, wherein the difference falls within the range between
0.014 and 0.030 angstrom 10. A magnetic recording nmediumas clainmed in
claim1, wherein the underlying filmissonposed of a GVZr alloy. 11. A
magneti c recording nmediumas clained in claim10, wherein the CrVZr alloy
conprises 2-5 at. % of

be either an aluminum film or an AlN film.

As regards the magnetic film according to the
first embodiment, it is preferable that a total amount of
Co and Pt is equal to or greater than 70 at.% in
consideration of the coercive force (Hc). A ratio of
Pt(at.%)/Co(at.%) desirably falls within a range between
0.07 and 0.2. In addition to Co and Pt, the magnetic
film may include at least one of Cr, Ta, Ni, Si, B, 0, N,
Nb, Mn, Mo, 2Zn, W, Pb, Re, V, Sm, and Zr as an additional
compeonent.. The amount of the additional component may be
decided in consideration of the magnetic properties but
may not preferably exceed 30 at.%. For example, the
magnetic film may be formed by a CoPtCr alloy, a CoPtCrTa
alloy, a CoPtCrNi alloy, or the like. The thickness of
the magnetic film may be between 400 and 550 angstroms in
view of the output, the overwriting property, and the
noise. When the thickness of the magnetic film is iess
-than 400 angstroms, a sufficient output might not be
obtained while the noise tends tc increase when the
thickness of the magnetic film exceeds 550 angstroms.

Moreover, the underlayer 2 may include at least
.one film of CrV which includes less than 50 at.% of V.
Tpis is because the underlayer 2 is formed by particles
of a uniform size and has good crystallization. Instead
of a part of Vv, at least one of 2r, W, B, ﬁo, Nb, Ta, Fe,
Ni, Re, Ce, Zn, P; 8i, Ga, Hf, Al, Ti may be added to the
maénetic film as a subsidiary component. In this case,

it is desirable that a sum amount of V and the subsidiary

Thie le the replacement sheetl
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60 Zr. 12. A magnetic recording nediumas clained in claim10, wherein the
underlying filmof the CVZr alloy has a thickness between 10 and 150
angstrons. 13. A magnetic recordi ng nedium conprising a substrate, an
underlying | ayer of a nonmagnetic material, and a |l am na on the underlying
| ayer, said lamna conprising: a first gggnetic filmwhich is brought into
contact with the underlying layer, which includes Co and Pt as primary
conponents; a nonmagnetic internmediate filmwhich is deposited on the first

magnetic fil mompldinddht ridalafotTexceed 50 at.% so as to improve the
particle size and crystallization. It is preferable that
the thickness of the underlayer falls within the range
between 10 and 150 angstroms to provide a pertinent
crystal lattice plane distance between (110) planes.
More preferably, the thickness of the underlayer is
between 20 and 100 angstroms. When the CrVir alloy is
used for the underlayer or the third thin £ilm 2c¢ which
includes Cr and V, the S/N ratio is improved by addition
of Zr to the CrV alloy because the addition of Zr is
effective to reduce the noise. The amount of Zr
preferably falls within the range between 2 and 5 at.%.
Further, the CrVZr alloy may have the thickness between i
10 and 150 angstroms, preferably, between 20 and 100
angstroms. This is because the coercive force becomes
insufficient when the thickness is less than 10 angstroms
while reductions of the output and the overwriting.
property take place with an increase of the noise when
the thickness of the CrVZr exceeds 150 angstroms.

| As regards the second embodiment of the present
invention, most of the facts mentioned above apply to the
second embodiment. In addition, the lamina 3a may
include more than two magnetic f£ilms, namely, three,
four, or five magnetic films. 1In this event, the
nonmagnetic intermediate film or filhs interposed between
two adjacent ones-of the magnetic films include at least
one nonmagnetic intermediate f£ilm of CrvV. The lamina 3a
may be structured by a combination of a magnetic film-a
This is the replacement sheet
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and V, and which is specified by a body-centered cubic (bcc) crystal
-structure having (110) planes distant.fromeach other by a crystal lattice

pl ane distance d[err], and a second magnetic filmwhich is deposited on the

nonmagnetic intermediate film which includes Co and Pt, and which is
speci fied by a hexagonal close-packed (gicp) crystal structure having (002)
pl anes renote fromeach other by a crystal lattice plane distance d[err];
the second magnetic filmand the nonmagnetic internediate film being

speci fi ed bynénflafheteeceihatlweadghbeier ¥siml hatbhsenkl8og gdeshance dlerr]

and the crystal lattice plane distance d[err]|, the difference being given

by subtractimgghbeier ¥stialal abhimagnetaperdintanta@gabeié] £1lm-a
nonmagnetic film-a magnetic film, or a combination of a
magnetic film-a nonmagnetic film-a magnetic film-a
nonmagnetic film-a magnetic film-a nonmagnetic film-a
magnetic f£film. The magnetic films may have composit;ons
and materials which are identical with one another or
which are different from one another. This is true of
the plurality of the nonmmagnetic films.

Each of the magnetic films may have a thickness

between 20 and 230 angstroms, preferably, between 40 and
150 angstroms. Lesé than 20 angstroms of the magnetic
£ilm makes the coeré¢ivity insufficient while more than
230 angstroms of the magnetic film makes the medium noise
increase. Each of the nonmagnetic films may have a
thickness between 10 and 100 angstroms, preferably,
between 30 and 80 angstroms. This is because less than
10 angstroms of the nonmagnetic film reduces the
coercivity while more than 100 angstroms of the
nonmagnetic film brings about a reduction of the
reproduction output, degradation of the overwriting

property, and an increase of the medium noise.

3 eur
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fromthe crystal lattice plane distance d[err] and 61 falling within a
range between 0.002 and 0.032 angstrom 14. A magnetic recordi ng nmedi um as
claimed in claim13, wherein the first magnetic filmincludes Co and Pt and
is al so specified by a hexagonal close-packed (hcp) crystal structure
havi ng (002) planes renote from each ofgfger by an additional crystal lattice
pl ane di stance d[err]. 15. A magnetic recording nediumas clained in claim
14, wherein the underlying |ayer conprises:

WHAT IS CLAIMED IS:

1. A magnetic recording medium comprising:

a magnetic film which includes at least Co and Pt
and which is specified by a hexagonal close-packed (hcp)
crystal structure having (002) planes remote f£from each
othe; by a first crystal lattice plane distance d(002);

an underlying f£ilm which includes Cr and V, which
is contacted with the magnetic film, and which is
specified by a body-centered cubic (bcec) crystal
structure having (110) planes distant from each other by
a second crystal lattice plane distance d(llO);

the magnetic film and the underlying film being
specified by a difference between the first crystal

lattice plane distance d and the second crystal

(002)

lattice plane distance 4 the difference being given

(110)’
by subtracting the second crystal lattice plane distance

d(llO) from the first crystal lattice plane distance
d(002) and falling within a range between 0.002 and 0.032
angstrom.

2. A magnetic recording medium as claimed in:
.élaim 1, further comprising:

a substrate which underlies the underlying film
and which is directly contacted.with the underlying film.

3. A magnetic recording medium as claimed in
claim 1, further éomprising:

at least one subsidiary underlying film which

underlies the underlying film and which 1is brought into

el 1 e et STIRGT
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an-uppernost thin filmwhich is brought into contact with the first

ragnetic film which includes C and V, and which is specified by a

body- centered cubic (bcc) crystal structure having (110) pl anes di stant

fromeach other by a subsidiary crystal lattice plane distance d[err]; the

first magnetic filmand the uppernost t4dgn fil m being specified by an

additional difference between the additional crystal lattice plane distance

d(002) and the subsidiary crystal lattice plane distance d[err], the

di fference bebngagiventhy the snderdgiiingg file;salbdi diary crystal lattice

pl ane distance d[err] fromthe additional crystal lattice plane distance

dlerr] and falling wat subsa radieg&kepit imecott@e2 addhOitha2 asandetstnone
subsidiary underlying £ilm.

4. A magnetic recording medium as claimed in
claim 3, wherein the at least one subsidiary underlying
film is composed of a nonmagnetic material which has a
body-centered and close-packed crystal structure.

5. A magnetic recording medium as claimed in
claim 4, wherein the nonmagnetic material is formed by a
metal selected from a group consisting of Cr, Ti, Ta, and
Zr.

6. A magnetic recording medium as claimed in
claim 1, wherein the magnetic film is composed of a
CoPtCr alloy.

7. A magnetic recording medium as claimed in
claim 6, wherein the CoPtCr alloy comprises 60-90 at.% of
Co, 4-20 at.% of Pt, and 3-30 at.% of Cr.

8. A magnetic recording medium as claimed in
claim 1, wherein the magnetic film is composed of a
CoPtCrTa alloy.

9. A maghetic recording medium as claimed in
claim 1, wherein the difference falls within the range
between 0.014 and 0.030 angstrom.

10. A magnetic recording medium as claimed in
claim 1, wherein the underlying f£ilm is composed of a
CrVZr alloy.

11. A magnetic recording medium as claimed in

claim 10, wherein the CrVzr alloy comprises 2-5 at.% of

——H!llllc\ (AR PO
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16. A magnetic recording nediumas clained in claim13, wherein the
difference between d[err] and d[err] falls within the a range between 0.014
and 0.030 angstrom 62 17. A nmagnetic recording nmediumas clainmed in
cl.aim 15, wherein the additional difference between the additional crystal
| attice plane distance d[err] and the saggpsidiary crystal lattice plane
distance d[err] falls within the range between 0.014 and 0. 030 angstrom
18. A magnetic recording nmediumas clainmed in

Zr.

12. A magnetic recording medium as claimed in
claim 10, wherein the underlying f£ilm of the CxrVZr alloy
has a thickness between 10 and 150 angstroms.

13. A magnetic recording medium comprising a
substrate, an underlying layer of a nonmagnetic material,
and a lamina on the underlying layer, said lamina
comprising:

a first magnetic f£film which is brought into
contact with the underlying layer, which inc;udes Co and
Pt as primary componenté;

a nonmagneﬁic intermediate film which is
deposited on the first magnetic film, which includes Cr
and V, and which is speclified by a body-centered cubic
(bce) crystal structure having (110) planes distant from
each other by a crystal lattice plane distance d(110)'
and - '

a second magnetic film which is deposited on the
nonmagnetic intermediate film, which includes Co and Pt,
and which is specified by a hexagonal close-packed (hcp)
crystal structure having (002) planes remote from each
6ther by a crystal latticg plane distance d(ooz);

the second magnetic film and the nonmagnetic
intermediate film being specified by a difference between
the crystal lattice plane distance d(002)'and the crystal
lattice plane disﬁance d(llO)' the difference being given

by subtracting the crystal lattice plane distance d(llO)

from the crystal lattice plane distance d(OOZ) and

. 23 g T, £
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cl.ai m 15, wherein the underlying |layer further conprises: an additional
thin filmwhich is situated under the uppernost thin film which is brought
into contact with the uppernost thin film and which is conposed of a
nonmagnetic material of a body centered and cl ose-packed crystal structure.
19. A magnetic recording nediumas claigyed in claim 18, wherein the
nonnmagnetic nmaterial of the additional thin filmis conposed of a netal

whi ch has the body centered and cl ose-packed crystal structure. 20. A

magneti c recpalli g REtHihas ¢hayBEBetReEhad 03D, anBecoc0B2t ARgEE SN .1 S
selected froma group consisting of C, Ti, Ta, and Zr. 21. A magnetic
recordi ng nmedi um conp4isi Agmagnetic recording medium as claimed in
claim 13, wherein the first magnetic film includes Co and
Pt and is also specified by a hexagonal close-packed
(hcp) crystal structure having (002) planes remote from
each other by an additional crystal lattice plane
distapce d(002)'
15. A magnetilc recording medium as claimed in
claim 14, wherein the underlying layer comprises:
an uppermost thin film which is brought into
contact with the firsi magnetic f£film, which includes Cr
and V, and which 1is specified by a body-centered cubic
{bcec) crystal structure having (110) planes distant fiom
each other by a subsidiary cryétal latticé plane distance
d(110)°
the first magnetic film and the uppermost thin
film being specified by an additional difference beiween

the additional crystal lattice plane distance d and

({002)
the subsidiary crystal lattice plane distance d(llO)' the
difference being given by by subtracting the subsidiary

crystal lattice plane distance d from the additional

(110)
crystal lattice plane distance d(002) and falling within
a range between 0.002 and 0.032 angstrom.

16. A magnetic recording medium as claimed in
claim 13, wherein the difference between d(002) and
d(llO) falls within the a range between 0.014 and 0.030

angstrom.
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substrate, an underlying |ayer of a nonmagnetic material, and a | am na on
the underlying layer, said |lamna conprising: a plurality of magnetic filns
each of which includes Co and Pt and whi ch has a hexagonal cl ose-packed
(hcp) crystal structure having (002) planes renote fromeach other by a
first crystal lattice plane distance d[ﬁ]r] ; 63 a plurality of
nonmagnetic internediate filnms each of ich is interposed between two

adj acent ones of

17. A magnetic recording medium as claimed in
claim 15, wherein the additional difference between the

additional crystal lattice plane distance d and the

(002)

subsidiary crystal lattice plane distance 4 falls

(110)
within the range between 0.014 and 06.030 angstrom.

18. A magnetic recording medium as claimed in
claim 15, wherein the underlying layer further comprises:

an additional thin film which is situated under
the uppermost thin film, which is brought into contact
with the uppermost thin film, and which is composed of a
nonmagnetic material of a body centered and close—~packed
crystal structure.

19. A magnetic recording medium as claimed in
claim 18, wherein the nonmagnetic material of the
additional thin film is composed of a metal which has the
body centered and close-packed crystal structure.

: 20. A magnetic recording medium as claimed in
claim 19, wherein the metal is selected from a group
consisting of Cr, Ti, Ta, and Z2r.

21. A magnetic recording medium comprising a
substrate, an underlying layer of a nonmagnetic material,
énd a lamina on the underlying layer, sald lamina
comprising:

a plurality of magnetic films each of which
includes Co and Pt and which has a hexagonal close-packed
(hcp) crystal strﬁcture having (002) planes remote from

each other by a first crystal lattice plane distance
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&
t he magnetic filnms, which includes & and V, and which is specified by a
body-centered cubic (bcc) crystal structure having (110) planes distant
fromeach. other by a second crystal lattice internedi ate distance d[err];
the first and the second lattice plane distances d[err] and d[err] having a
di fference between 0.002 and 0.032 angsggsom 22. A magnetic recording
medium as clainmed in claim?21, wherein the difference falls wthin a range
bet ween 0.014 and 0. 030 angstrom 23. A nagnetic recording medi um as
clainmed in claim2l, apnetdl itie shdrsrinbgietidy anteafpydists falmgoper nost
thin filmwhich is brought into contact with a | owernost one of the -
magneti c fil machwvafciwhich is interposed between two adjacent ones of

the magnetic films, which includes Cr and V, and which is
specified by a body-centered cubic (bcc) crystal
structure having (110) planes distant from each other by
a second crystal lattice intermediate distance d(llO)’
the first and the second lattice plane distances

and d having a difference between 0.002 and

%(002) (110)
0.032 angstrom.

22. A magnetic recording medium as.claimed in
claim 21, wherein the difference falls within a range
between 0.014 and 6.030 angstrom.

23. A maghetic reéording medium as claimed in
claim 21, wherein the underlying layer comprises:

an uppermost thin film which is brought into
contact with a lowermost one of the magnetic films, which
includes Cr and V, and which is specified by a bodf—
centered cubic (bcc) crystal structure having (110)
planes distant from each other by a subsidiary crystal
lattice plane distance d(llO);

the lowermost one of the magnetic f£ilms and the
-uppermost thin film being specified by an additional
difference between the first crystal lattice plane

distance 4 and the subsidiary crystal lattice plane

(002)

distance d the difference being given by by

(110)’
subtracting the subsidiary crystal lattice plane distance

d(llo).from the additional crystal lattice plane distance

and falling within a range between 0.002 and 0.032
--------------- This is the reniscement sneel
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iRcludes O and V, and which is specified by a body- centered cubic (bcc)
erystal structure having (110) planes distant fromeach other by a
subsidiary crystal lattice plane distance d[err]; the | owernost one of the
magnetic filnms and the uppernost thin filmbeing specified by an additional
di fference between the first crystal |ggtice plane distance d[err] and the
subsidiary crystal lattice plane distance d[err], the difference being
given by by subtracting the subsidiary crystal |attice plane distance
dierr] fromdrystastthii onal crystal lattice plane distance dlerr] and
falling within a range between 0: 002 and 0. 032
24. A magnetic recording medium as claimed in

claim 23, wherein the difference between d(002) and

d(llO) falls within the a range between 0.014 and 0.030
angstrom.

25. A magnetlc recording medium as claimed in
claim 23, wherein the underlying layer further comprises:

an additional thin film which is situated under
the uppermost thin film and which is composed of a
nonmagnetic material which has a body centered and close-
packed crystal structure.

26. A magnetic recording medium as claimed in
claim 25, wherein the nonmagnetic material is selected
from a group consisting of Cr, Ti, Ta, and Zr.

27. A magnetic recording medium as claimed in
claim 21, wherein a selected one of the magnetic films is
formed by a CoPtCr alloy.

28. A magnetic recording medium as claimed in
claim 27, wherein the CoPtCr alloy compriseé 60-90 at.s
of Co, 4-20 at% of Pt, and 3-30 at.% of Cr.

29. A method of manufacturing a magnetic
fecording medium which comprises an underlying film and a
magnetic film deposited on the underlying film, the
method comprising the steps of:

successively depositing, at a predetermined
temperature under é predetermined argon gas pressure, the

underlying film of a CrV-based alloy which has a body

centered-cubic crystal structure specified by (110)
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64 angstrom 24. A magnetic recording nediumas clainmed in claim 23,
wherein the difference between d[err] and d[err] falls within the a range
bet ween 0.014 and 0.030 angstrom 25. A nagnetic recording medi um as
claimed in claim 23, wherein the underlying |ayer further conprises: an
additional thin filmwhich is situatedésinder the uppernost thin film and
whi ch is conposed of a nonmagnetic material which has a body centered and
cl ose- packed crystal structure. 26. A magnetic recordi ng nedium as cl ai ned
in planes and a crystal lattice plane distance d(llO) and

thereafter the magnetic film of a CoPt-based alloy which
has a hexagonal close-packed crystal structure specified
by (002) planes and a crystal lattice plane distance
41002)*

the predetermined temperature and the
predetermined argon gas pressure being selected so that a

difference obtained by subtracting d from d(OOZ)

' (110)

falls within 0.002 and 0.032 angstrom.
30. A method as claimed in claim 29, wherein the

predetermined temperature is between 250 and 425 C while

the predetermined argon gas pressure is between 0.5 and

10 mTorr.
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ciaim 25, wherein the nonmagnetic naterial is selected froma group
eonsisting of Cr, Ti, Ta, and Zr. 27. A nmagnetic recordi ng nedi um as .
claimed in claim21l, wherein a selected one of the nmagnetic films is fornmed
by a CoPtCr alloy. 28. A magnetic recording nediumas clainmed in claim?27,
wherein the CoPtCr all oy conprises 60-90 at. % of Co, 4-20 at% of Pt, and
3-30 at. % of Cr. 29. A nethod of manufa&6uring a magnetic recordi ng nedi um
whi ch conprises an underlying filmand a magnetic fil m deposited on the
underlying film the nethod conprising the steps of: successively
depositing, at a predeterm ned tenperature under a predeterm ned argon gas
pressure, the

MAGNETIC RECORDING MEDIUM AND METHOD OF MANUFACTURING THE SAME

ABSTRACT , .
in a magnetic recording medium having an

underlying £ilm of a body-centered-cubic {(bcc) Crv-based
alloy and a magnetic film of a hexagonal close-packed
{hcp) CoPtCr-based alloy deposited on the under;ying
film, a difference between a crystal lattice plane
distance d(002) of (002) planes in the hcp alloy of the
magnetic film and another crystal lattice plane distance
6(110) of (110) planes in the bcc alloy of the
nonmagnetic film is given by subtracting 6(110) from
d(002) and falls within a range between 0.002 and 0.032
angstrom. Preferably, the difference d(ooz)‘d(11o> is
present between 0.014 and 0.030 angstrom. Only & single
palr of the underlying film and the magnetic f£film may be
included in the magnetic recording medium or plurai pairs

of the underlying f£film and the magnetic film may be

included in the magnetic recording medium.

Fig. 1.
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urerlying filmof a CrV-based alloy which has a body centered-cubic
crystal structure specified by (110) - 65 planes and a crystal lattice

pl ane distance d[err] and thereafter the magnetic filmof a CoPt-based

al l oy whi ch has a hexagonal cl ose-packed crystal structure specified by
(002) planes and a crystal lattice plane distance d[err]; the predeterm ned
tenperature and the predeterm ned argon Iggs pressure being selected so that
a dif.ference obtained by subtracting dierr] fromd[err]

. 4b
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falls wthin 0.002 and 0.032 angstrom 30. A nethod as clainmed in claim 29,
wherein the predeterm ned tenperature is between 250 and 425 C while the
predet erm ned argon gas pressure is between 0.5 and 10 nilorr.

2/4

IS
|~
28 T
o) =,
‘\ E"‘g — ©
Iﬁ\Eg
—1 I L
i
| \3
(L] ! n
ﬁ\_ ‘\(&ll 9
a7 T L
l_(\g
257 T °
Lﬁ

8
wmw;:]_'i L
Wwwww

———
19 16a

7
14

i e the raplacement sheel

7 4 FEB 1997

Date:



3/4

.—\,4b 9

32
33 | 3a
31
.'\,z'c "
+~2b +2

‘L'Vl

FIG. 3

This is the replacement sheet

- Date:



¥4

¥ Old

mw_ 5_ mm- vo_ oo_ow NN nw_ mm_ m_

3

4/4

{

) .EH _f: F.: _.EH rER o ,.F: ] lﬁ -
_j._ m.._._uwz;;

Il ]._ _,]4 ﬁEH]._

\

e

)
661 B_ om, _om_ om_ nm_ mm_.m_

azl mNP

\ N_

01

~

3

Tie s the reptacement shest

2 4 FEB 1997

Dare:



: .
e

o L

6
from each other by a crystal lattice plane distance d(ggz). The crystal lattice plane distances

d(oo2) and (110) have a difference which is given by dpo2)-d(110) and which falls within a
range between 0.002 and 0.032 angstrom. It has been confirmed that the coercivity (Hc)

and the S/N ratio are deteriorated when the difference dgp2)-d(110) is less than 0.002
angstrom and is greater than 0.032 angstrom. Preferably, the difference d(ooz)-d¢i10) may be

restricted to a range between 0.014 and 0.030 angstrom in order to obtain a higher S/N

ratio.

Thus, in one form the invention provides a magnetic recording medium comprising
a substrate, an underlying layer of a nonmagnetic material, and a lamina on the underlying
layer, said lamina comprising:

a first magnetic film which is brought into contact with the underlying layer, which
includes Co and Pt as primary components;

a nonmagnetic intermediate film which is deposited on the first magnetic film,
which includes Cr and V, and which is specified by a body-centered cubic (bee) crystal
structure having (110) planes distant from each other by a crystal lattice plane distance
d¢r1oy and

a second magnetic film which is deposited on the nonmagnetic intermediate film,
which includes Co and Pt, and which is specified by a hexagonal close;packed (hep) crystal
structure having (002) planes remote from each other by a crystal lattice plane distance
d(o02);

the second magnetic film and the nonmagnetic intermediate film being specified by

a difference between the crystal lattice plane distance d(gg2) and the crystal lattice plane
distance d110), the difference being given by subtracting the crystal lattice plane distance

d(110y from the crystal lattice plane distance dgg2) and falling within a range between 0.002

and 0.032 angstrom.

In another form, the invention provides a magnetic recording medium comprising a
substrate, an underlying layer of a nonmagnetic material, and a lamina on the underlying
layer, said lamina comprising:

a plurality of magnetic films each of which includes Co and Pt and which has a

hexagonal close-packed (hep) crystal structure having (002) planes remote from each other

o e i b oo
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6a
a plurality of nonmagnetic intermediate films each-of which is interposed between

two adjacent ones of the magnetic films, which includes Cr and V, and which is specified
by a body-centered cubic (bce) crystal structure having (110) planes distant from each other

by a second crystal lattice intermediate distance d(1g),

the first and the second lattice plane distances d(g2) and d((10y having a difference

between 0.002 and 0.032 angstrom.

According to still another aspect of the present invention, a method is for use in
manufacturing a magnetic recording medium as mentioned above and comprises the step of
successively depositing, by sputtering, a nonmagnetic underlying film of a CrV based alloy
and a magnetic film of a CoPt based alloy on the nonmagnetic underlying film, at a
temperature range between 250 and 425°C under an argon gas pressure between 0.5 and 10
mTorr. Preferably, the temperature falls within a range between 300 and 400°C while the

argon gas pressure falls within a range between 1 and 8 mTorr.

According to this aspect, the invention provides a method of manufacturing a
magnetic recording medium which comprises an underlying film and a magnetic filn
deposited on the underlying film, the method comprising the steps of:

successively depositing, at a predetermined temperature under a predetermined
argon gas pressure, the underlying film of a CrV-based alloy which has a body centered-
cubic crystal structure specified by (110) planes and a crystal lattice plane distance d 1)
and thereafter the magnetic film of a CoPt-based alloy which has a hexagonal close-packed
crystal structure specified by (002) planes and a crystal lattice plane distance do2);

the predetermined temperature and the predetermined argon gas pressure being
selected so that a difference obtained by subtracting d(10) from dgoy) falls within 0.002 and

0.032 angstrom.

In addition, the first magnetic film also includes Co and Pt as primary components
and may be specified by a hexagonal close-packed (hep) crystal structure having (002)
planes remote from each other by an additional crystal lattice plane distance d¢oo2). In this

event, the underlying layer may include an additional nonmagnetic film of a CrV based

alloy which is
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