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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
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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
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Another thin film recording medium is disclosed

layer.

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—mentioneA_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
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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
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having (002) planes remote from each other by a first

crystal lattice plane distance dumz; and an underlying

E£1i1m which ineludes Cxr mnd ¥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 d:lffe:ence is given by subtracting the
Seccnd_ crystal lattice plane dietance 4 (110) by the first
erystal lattice plane distance d(ooz'j .

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 d(no)' and a second
magnetic £film which is deposited on the nonmagnetic
intermediate £ilm ;vhich includes Co and Pt ae primary
components and which is specified by a hexagonal cloge-

packed (hcp) crystal structure having (002) planes remote
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from each othexr by a crystal lattiée plane distance
(002). The crystal lattice plane distances d(ooz) and
(110) have a difference which 18 given by d(OOZ) (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
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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 subsidiary crystal lattice plane
digtances 6(002) and 6(110) i5 given by a difference

which 1s given by 4 d(lld) and which falls within a

0o
range between 0.002(an§)0.032 angstyrom.

The magnetic film 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 n.t..% 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 intezrmediate £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
contacted with .'Lhe- ur;derlying 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
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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.
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Brief Description of the Drawing:

Fig. 1 ie a sectional view of a magnetic
recording medium aceording to a firkt 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 Example 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 alnminoslllt:at.e 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
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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 first thin f1ilm 2a of Al is
deposited to a thickness of 50 angatroms while the second
thin £i1m 2b of Cx 1s 600 angstromé thick. Morxeover, 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. Jn addition, the magnetic £film 3 comprises 78
at.% of Co, 11 at.s of Pt; and 11 at.$ of Cr.

In the example illustrated, the protection layer
4 is composed of a f£irst protection film 4a deposited on
the magnetic £{lm 3 and a second protection £ilm 4b on
the first protection £41lm 4a. The first protection-fllm
4a i1s formed by a Cr £ilm of 50 angstroms and sexveé as a
chemical protection film for the magnetic f£film 3 while
the séeond.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 heéd. |

Referring to Fig. 2, description will be now

directed to an in=line sputtering apparatus which 1s used
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t¢ manufacture the magnetic recording wedium illustrated

11

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 sputter}ng
chambers l2a and 12b. Thereafter, the partition wall 14
is opened to introduce the pallet 18 into the first
sputtering chamnber l2a.

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
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of 5 mTorr, the f£first thin £1ilmes 2a and the 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 waiis
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 a heater 20. The transported pallet 18 is heated hy
the heater 20 again to a temperature of 375C for one
minute within the gsecond sputtering chamber 12b. Within
the zecond sputtering chamwber 12b, Crv targets l15c and
16c, CoPrEr targets 15d and 164, and Cr targets 15e and
i1fe 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 circumstaneaa; 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 1l6e at a tfansfer speeq 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
16e are supplied with electxic 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”% rorr.
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Consequently, the third thin film 2¢, the
magnetic film 3, and the firgt protection film é4a 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
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composition and a thickness 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 | d¢y4q
Cozposition Teape~ | Sure
5001 Cozposi- | 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 |1ss0}2.07 |31.7 |+0.027
3 v " 50 300 | 1.3 |1810)2.10 |31.0 |+0.032
4 " L 50 315 | 5.0 |18%0}2.10 |31.2 |+0.092
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 20 375 | 3.3 |1950{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)2.08 }32.8 |+0.018
12 ' " 20 375 | 1.3 |1950|2.03 |32.8 |+0.025
13 v " 50 a0 | 1.3 |190p{2.10 |32.4 |+0.018
14 v ' 50 275 | 5.0 j1o00]2.10 {32.3 |+0.020
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Table 1=2
Rean- | Magnetic | 3rd Thin Fila |Subst-|ar Ges | Bc |Mro | s/8 | daqgpe-
ple Film (3) 2¢) rate | Pres- Ratio de110;
Composition Tempe~ | sure
S00R ComposS~ | Thick- { rature
tion . Dess {memu
(at®) (at®) (X) | () | (aTorr) | (0e) | /ea®) | (0B) | (R)
15 | CopgPts;Crag | CreqVeg 50 | 375 | 1.3 |2020|2.15 |31.4 |+0.005
16 " ' 100 375 1.3 11950)2.20 }31.6 |-+0.007
by ' o 20 315 | 1.3 1920 (2.08 |3%.5 |+0.006.
18 v L 50 300 1.3 1820 12.10 |31.2 [+5.m2
19 e i 50 376 5.0 1185012.10 {31.2 }+0.010
20 . Crgp¥ap 50 875 | 1.3 [1880|2.10 |31.2 |+0.002
2 " o S0.| 300 | 1.3 {1800)/2.20 |31.2 |+0.005
2 d ' 0 | 918 | 5.0 lisso|z.18 |31.1 [+0.00s
23 v Crg3V;Zr3 50 375 1.3 |202012.22 |33.7 |+8.027
24 ve CrggVioZr, | 50 ars 1.3 12080 2.24 |{84.2 |+0.024
25 " CrpqVoelrs | 50 ars | 1.3 |2080}2.20 |33.6 |+0.015

Herein, it is to be noted that thé magnetic £ilm

3 of CoPtCr ls structured by a hexagonal-close-packed

{(bcp) crystal which has (002) planes and a f£irst crystal

lattice plane distance 4

(002)

between the (002) planes

while the third thin £ilm or third underlayar 2¢ of CxV

which is brought into contact with the magnetic film 3 is

stxuctured by a body-cubic-centered crystal wh_icn has

(110) planes and a second c¢rystal lattice plane digtance

6(110)'

ing the gsecond crystal lattice plane distance 4

(110}

In Table 1-1, a difference obtalned by subtract=

fromn
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the first crystal lsttice plane distance 6{002) and

16

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.
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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-
E£i1fth 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 compgsit.s.on
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 which 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- (He), the product (Mrd ), ard the 5/N ration wvere

' also evaluated in the manner mentioned -in conjunction

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 lattice plane distance d (110) of the

third thin film 2¢ of CrV fall within a range between
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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~ Mogpetic 9rd Thin Film |{Subst~|Ar Gas | Be {Mcd | S/N |d¢go2)~
para~| Pila (3] 2c) 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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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 Crv.

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

I
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6(110, of the underlayer contacted with the magnetic

£ilm 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

Cxv alloy is effective Lo reduce a noise and therafore 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 f£ilm 3 of CoPt and the crystal lattice 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
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incliudes 50 at.% of V together with 5@ at.% of Cr. In

thls case, the differxence & -d(llm is reduced to

{002)
-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) can 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 ihird 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
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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 0.059 angstrxom. Thls results 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
ranufactured at the substrate temperature higheg than the
twentieth example 20, which reduces the difference 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. - e
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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 cmnp'oss.t.s.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 t.hrougly 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 v.d.t.h 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

enunerated in Table 3. ——-—————
‘This Sheet Has Been Replaced
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Table 3

Bx-| Magnetic 3rd Thin Piln | Subst~ (Ar Gas | He |8 | S/N |dgon-
am- | Film (3) (2c) rate | Pres- Ratio | deimy
ple | Couposition Tegpe— | sure

500X Composi= | Thick- | rarure

) tiom ness {memu

(at) @ | (R) [(C) | (aTorr) | (Oe) {/ea?) | (@B) | (X)
28 | CoggPtsCryy CoggVip | 50 | 375 1.3 |1780)2.35 {31.,4 |+0.010
27 > Crggvag | 30 | 375 1.3 |18c0|2.40 |[31.0 |-+0.003
28 | CoyyPtyglry; | Crgo¥yp | 50 | 875 1.3 |2150 [1.98 |31.6 |+0.032
29 4 Crgov20 | 50 | 318 1.3 |2220)1.99 |32.4 .|+0.022
30 | CopgPtyiCrs CrgoVao | 50 | 375 | 1.3 |1860|2.35 |32.0 |+0.030
3 ' CrapVgo | 50 | 875 | 2.3 |1%00)|2.37 |32.5 |+0.020
32 |Co,PtaiCry5 [CrgoVap | SO | 3715 1.3 {2120 |2.05 |32.7 |e0.019
33 v Crag¥ag | 50 | 275 1.3 |2140|2.05 | 31.8 |+0.009
3¢ ] CoggPtysCras |Crgg¥yg | 50 | 375 1.3 J2230)1.82 {315 |+0.012
35 " CopgVzp | 50 a5 | 1.8 [2300]1.80 |32.0 |+0.008
36 | CogPtyiTap 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 | CopgPty10ryiTay |CrgpVyo | 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 | CorgPeyyCryyTes | Cragtig | 50 | 375 1.3 |2080|1.70 |31.8 |+0.020
43 3 Crag¥zp | S0 | 7S 1.3 {2080 [1.72 {32.2 |+0.021
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The thirty-fifth examples 26 to 35 comprige the

l!

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,.S-J.B 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
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coexcive force, the product Mrd and in recording and

26

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 t.hc.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.
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Specifically, the glass substrate 1 is 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

seconi embodiment, the third thin film 2c has a

- compogition of 86 at.% of Cxr 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 thinney than the first and the second magnetic £ilms

31 and 32.
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The protection layer 4 is composed of a f£irst

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.
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Within the €irst and the second sputtering

[

Il

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 first 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 Rept 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
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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?n
32 of CoPt(Cy,  and the first protection £ilm 4a of Cr are

successively stacked in that order on the second thin
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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, as mentioned
before. |

After completion of the above-mentioned
deposition, the first protection film 4a is washed by
isgopropyl alechol (IFA) 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
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particle size of 100 angstroms.
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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
coerxcive foﬁe (Hc), the product (Mrd ) of residual
nmagnetfization 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 f4ilm 2¢ of CxV, a composition and a ‘
thickness of the normagnetic intermediate £ilm 33, and a
suhst'.rate temperature and an argon gas pregsuve 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 f:.im 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



Tablae 41

Hognotic 7din| 3rd Thin Filn | Nonmeguetic Inter- | Subst- lAr Gas | He |Wrd | S/N |degog)-
ple (31 & 32) (2¢} uedinte Film (33) {rate |Pres- Ratlo | g
Couposition |Coaposl- | Thick~| Composi- | Thick- | Tempe- | sure (110
1208 X2 tion ness tion nsss patere | - {wemy

(ath) (et | | (X) (ath) (%) (€} | (uTors) | (Oe) }/cn?} { (dm) (k)

1 | CoygPtyyCryy | ErogVy 50 | CrgeVy 50 315 1.3 |1870|0.95 |3s.5 |+0.028
2 o " 100 3 50 318 1.3 {20:0]0,82 |35.7 |+0.027
3 " ' 50 . 50 300 1.3 (1866 (0.93 |35.0 |+0.032
4 ' " 50 " 50 s 5.0 |[1900|0.95 |35.1 |+0.032
5 ry Cegg¥zg | 80 | Crggvig | 50 315 | 1.9 |2080|0.89 |38.9 |+0.025
6 K " 100 " 50 375 1.3 |2090 fo.05 [a7.1 (+0.024
7 " " 20 X 50 375 1.3 |2000]0.94 [36.9 {+0.028
.8 " " 50 " 20 376 1.3 J2000}0.98 |36.8 |+0.028
3 H 3 50 ' 50 300 1.3 |1960 {0.94 (36.1 |+0.028
10 " " 50 L 50 315 5.0 |1650[0.85 |36.2 |+0.029
11 " CrgoVsp | B0 | Org¥pp | 30 376 1.3 |2030|1.00 |238.5 {+0.015
12 " " 100 " 80 a7s 1,3 [2050 {0.95 |36.8 }+0.014
13 " ' 20 " 50 | 375 1.9 2000 [0.92 |38.8 |+0.018 ‘
14 L ' 50 kT 20 815 | 1.3 |2020(0.98 |35.6 |+0.018
15 ' " 0 be 56 | 300 1.3 |1950 {0.96 |38.3 | +0.018
16 " L 50 b .. 50 ars 6.0 |1950)0.95 |35.1 [ +0.020
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Table 4-2

Nonmagnetfc Inter-

Sam- | Magnetic Film! 39zd Thia ¥iln Subst- | Av Gas He | ¥rd 8/N | deoo2y~
ple (31 & 3) (2c) aediate Filu (33) |rate |Pros- Ratlo | giy4py

Composition Tempe- | sure

1204 »x 2 Conposi- | Thick- | Composi-~ | Thick~ | rature

tion neps tion ngss (mamy
(at%) {at%) (R) | (at%) () (T) | (aTorr) | (00) | /cw®) | (@B) | (R)

17 | CoggPtyiCryy | OopgVag 50 | CrggVag 50 375 1.3 |1910|0.97 |365.8 | +0.008
18 " " 100 L 50 375 1.3 |2000(1.00 |85.5 |+0.007
19 H 'e 2 ' 50 | a5 1.3 |1970(0.9¢ |ss5.4.|+0.008
20 " " 50 | CrygVag 20 375 1.3 |{18710{0.97 |85.4 |+0.006
21 " " 50 . " 50 300 1,9 |1870]0.95 |35.0 |[+0.012
22 o " 50 L 50 75 5.0 |1900]0.94 |88.0 |+0.010
23 ' crgavs 50 | CrgoVan 50 375 1.3 |1%0]0.95 |35.1 +0.002
24 " © 50 L 50 300 1.3 {1850)3.01 |36.0 | +0.005
25 ¥ " 50 " 50 316 5.0 |1900)0.99 |35.1 |+0.004
+ 26 " CrggVaZrg | 50 | CrogVeZra 50° 375 1.9 [2000§1.01 |37.5 |+0.0%7
27 " CrggViaZry | 50 |CrgeVizZrg| 50 ars 1.3 |21011.00 |38.0 |+0.024
28 X CrgoVigZry | 50 [ CrgoVigZrg| 50 aTs 1.8 |zt60}1.05 |38.2 |+0.022
29 " CrpiVogZeg | 80 | CroqVgeZegl 50 375 1,3 {2080}1.00 |37.56 |+0.015
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(002) planes will be referred to as a first crystal

35

lattice plane distance and depicted at a(ooz) while a
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 CxrV 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 2c and the norimagnetic intermediale
£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 the First
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
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subtracting the second crystal lattice plane distance
5(110) from the fixst c¢rystal lattice plane distance
d(ooz) and which may be simply represented by a
difference d(ooz,—a(llo). Taking the above into
consideration, the difference dtooz)'dtilo) between the
nonmagnetic intermediate £film 33 ad@ 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 kfgoi. In aﬂdif.!:on. a
noise spectxum of the magnetic disk was measured dqr}ng
the signal recording and reproduction of £he magnetic
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'4—1 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
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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
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1nterme&iate filws 33. Moreover, the differences 6(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 £hxough 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 sample
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.
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with the first through the sixth comparative samples 1 to
6 with the floating height of the magnetic head kept at
0.075 um. Subsequently, the coercive force (Hc), the
product (Mxd ), and the §/N ratic were messured 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 ox 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
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Table 5

San- | Magnetic Bila} 3rd Thin Filp | Noumeguetlc Inter- | Subst- |Ar Gas | Hc |#rd 8/N | d¢anz)-
ple (31 & 32) (2¢) mediate Film (33) |rate |[Pres- Batio | dey10)
Compositian Tenpe- | sure
1208 x 2 Coopoal~ | Thick~ | Conpoai- | Thick- | ratura
tica Qess tion Bess (memy
(ath) (at) | (1) | (at¥) () | (C) | (alorz) | (Os) |/cmd) | (eB) | (R)
1 | CorgPtygbryy| Cr 50 Cr 50 378 1.8 |1700(0.86 |3z2.5 |+0.035
2 . CrgoVso 50 | CrggVso 50 ars 1.3 |1920{0.95 }32.6 |-0.015
3 o CrgeVs - | 50 | Crgg¥s 50 220 1.9 |1770{0.99 | 52.5 {+0.087
4 ' " 50 " 50 315 | 18.0 [1970|0.82 }32.3 |+0.039
5 L CrggVap | 50 | OrggVag | 50 430 1.9 |1930{0.60 |32.3 |-U.008
b e e 50 " 50 375 0.2 |1830)0.99 |32.1 |-0.008

oy
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the nonmagnetic intermediate £ilm 33 each of which is
formed by Cr. Especially, addaition 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
samples 1 to 29 of Tables 4-1 and 4-2 with the szecond

' 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 ats 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¢
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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
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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 gsample 5, which renders the difference 5(002)-
d(llo) into -0.006 angstrom. As a result, the product
Mré and the S/N rati& is veduced 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) into -0.008
angstrom and results in a reduction of the coercive force
(Hc) 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
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'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 aJ:ong with the substrate temperatures and the izgon 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.



Table 8

San-| Nagnetic Pilm | 3rd Thia Filn | Nounegnetic Inter- | Subst- [ Ar Gas | Hc JWr8 | S/N d -d (X)
ple Cog;s?tfgx)\ . campcr:i1 Thick- g::;:::-ﬂlmmf:l- %t:a- :1::- Ratlo !(!;ge;x;r:‘m l:ggl)m;i;og::;:m-
1208 x 2 tion oess | tion ne8s | rature (weay | - Thin Film tic I[nterwediate
{(at%) (atdd | (3) | (= 1) ('C) | {mTory) | {Os) | /ca?) | (aB) | (2¢) 1 Pilm (33) ‘
30 |CozaPtyilryy [CrggVq | 50 | CoggVip | 50 378 | 1.3 | 1880 0.95 }35.6 +0.02 +0.028
31 " ' S0 | Crgo¥ag | 50 876 | 1.3 |2020/0.95 [85.5 ' [ ‘o.s
a2 " " 50 | Crgg¥ag | 60 375 | 1.3 | 1920 |0.63 | 35.0 0 "~ v0.002
3 v CrggVig| 50 | Crgg¥y 50 §75 | 1.3 |[1820]0.87 |36.0 +0.02 +0.028
3¢ o " 50 | CrggVag | SO 378 | 1.3 |2060|0.08 |{37.0 " +0.015
35 ' ' 8 | CepgVgg | 50 375 1.3 |[1960/q.58 |28.4 e +0.006
36 “ ' 80 | CrgpVeg | 50 378 | 1.3 |1950|0.87 |236.0 ' +0.002
k14 o CrggV¥zg| 50 | Crge¥s 50 a5 | 1.3 {1970 0.98 |36.0 +0.01 +0.028
a8 e v S0 | €rgg¥yp | 50 376 | 1.3 . |2020]0.956 |36.9 L +0.028
39 & v 80 '} CrqqVze | 50 37§ | 1.3 |2000{0.97 |36.1 - +0.,006
4 " e 50 ﬁrso"w 50 a1s | 1.3 |2000]/2.00 |36.0 1 +0.,002
0 o Cryg¥an| SO | CrggVe 50 8t5 | 1.3 |1920)1.00 |35.0 +0.0D +0.028
42 ' i 50 | CrggVip | 50 3715 | 1.8 |1870}0.98 |35.5 H " +0.025
43 . ' 50 | CrggVpg | 80 376 | 1.3 |1980f0.97 |35.4 " +0.015
44 ' CrgoVsg| S0 | CrgoVyp | 50 18 [ 1.3 [1910(0.95 |35.9 +0.00 +0.02%
% " | 50 | Cragvsp | S0 | avs | 3.3 [1s00]0.98 |3s.2 T +0.015
46 A o 50 | Cryg¥sg | 5O 315 | 1.3 {1060)0.86 |35.0 " +0.006
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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 intermediate £film 33
including 10-20 at.% of V. |

As mentioned before, the ratios of ci 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 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:

Yorty-seventn through sixty~fourth samples

accoxding to the gsecond embodiment of the present
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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
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Table 7

drd Thin Piln

Wagnetic Piln Nonmagnetic Inter- |-Subst~| Ar Gas [ Hc |Hr8 | S/ | d(gpz)-
ple (31 & 32) (2¢ gediate Piln (33) |rate | Pres- Ratio | 4

Composition | Composi- | Thick- | Compoai~ | Thick- Tempe~- | sure (120)

120K x2 tion ness | tion noss rature {memu
AT coﬁpgg'%f‘_'&%o%‘ (:n) c:;%:;f; (é‘u) (;c"f)s‘_%%ﬂ {ggl)l ;u;?__ggng +t(;‘.&6)ﬁ‘“
48 ' CrggVzg | 50 | CrggVap 50 37s | 1.3 [ies0{1.08 }35.1 |+0.008
‘a3 | CopPtigCryy |CogoV¥gg | 50 | CrgoVig 50 975 | 1.3 |2200{0.85 |35.5 | +D.082
50 X Crgg¥ag | 950 | CrggVag 50 37s | 1.3 |2270|0.86 |36.4 |+0.022
52 } Cog¢PtyiCrs OrggVio | 50 | CregVyig 50 915 | 1.3 |1910)1.07 [35.7 |+0.030
52 L CrggVzp | 50 | Crgovep 50 3rs | 1,3 [1950|1.08 |36.1 |+0.020
53 | CopgPtysCrig |[CrgoVig | 50 | Crgo¥eo 50 915 | 1.3 |2170]0.94 [36.4 }+0.019
*54 e CegoVao | 50 {GegoVap 20 ats | 1.3 |2190]e.92 | 35.5 |+0.008
55 | CoggPt1iCras |Crgg¥ig | 50 | CregVyg 50 3rs | 1.3 {2280|0.80 {357 |+0.012
56 o Cegg¥2p | 60 {CrggVsg 50 375 | x.3 {2350 |0.80 |3s.0 |0.003
§7 | CogqPtyyTeg CogoVig | 59 { CregVie 50 375 | 1.8 [1900)1.09 |34.1 {+0.028
se " lovggvep | 56 Jcrggvep | 50 316 | 1.3 |1930{1.10 |34.8 |+0.09
59 | CopgPtyyTag Crgg¥yp | SO | Crgo¥ie 50 375 { 1.3 |2950|1.00 |34.0 | +0.032
80 e Crag¥20 | 50 | Crgo¥op 20 375 | 1.3 19567 1.00 |34.6 }+0.024
B1 | CopgPty CrygTey | CxrggVag | 50 |CrggVyg 50 375 { 1.3 |2070§4.89 |36.8 }+0.027
62 3 Crgo¥2p | 50 | Crggveg 50 5;7_5 1.9 {2050 0.90 }36.7 {+0.0117
83 | CoyaPtyiCryyTag {Crgo¥ap | 50 Jorgewyg .| 50 ars | 1.3 |2130]0.73 |36.4 |+0.030
64 " Crgo¥og | 50 [ CrgoVeq 50 376 | 1.8 |2100]0.75 ]35.8 ]+0.020
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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 the nopmagnetic 1ntermediate £4i1lm 33
because the third thin films 2¢ and the nonmngnetic
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
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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 hy 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
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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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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
o
Sample
2 CoggPtysCryy | 320 Cr ‘50 Cr S0 -36.3
" e 270 |CrggVyg { 50 Crgg¥yg | 50 ~36.5
8 v 120 " 200 e 50 ~36.8
g8 | 120 0 50 K 150 -82.1
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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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.

Moreovexr, it has heen 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
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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
CoPtCxTa, 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 gubstrate, 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
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be either an aluminum film or an ALN film.

As regaxds the magnetic f£ilm according to the
first embodiment, it is preferable that a total amount of
Co and Pt is equal to ox greatexr than 70 at.t.in
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
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component does not exceed 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.

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 Zr to the CrV alloy bacause the aqdition of Zr 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.

"~ An 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
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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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WHAT IS CLAIMED I8:

1. A magnetic recording medium comprising:

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 remoi".e 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) crystal
structuare haviné (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



This Sheet Has Been Repla

lIIIHIIIM i

” ) O O

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 fall's.;' within the range
between 0.014 and 0,030 angstrom.

10. A nmagnetic recording medium as claimed im
¢laim 1, wherein ﬁe 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
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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 magnetic¢ reeording medium vomprising a
substrate, an underlying layer of a nommagnetic matexial,
and a lamina on the undeflying 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 d{xlo)'
and .

a second magnetic film which is deposited on the
nonmagnetic intermediate film, which includes Co and PL,
and ihich is specified by a hexagonal ciose-packed {hep)
crystal structuxe having (002) planes remcte from each
other by a crystal latticg plane distance 6(002)=

the second magnetic film and the nonmagnetic
intermediate film being specified by a difference between
the crystal lattice plane distance atOOZJ and the crystal
lattice plane disﬁance~d(11°], the difference being given
by subtractiang the c¢rystal lattice plane distance dr110)

from the crystal lattice plane distance 6(002) and

1
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. 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 cleimed 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 d(ooz) 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

d(110)
angstronmn.

* c L ] S *
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17. A magnetic recording mediun as claimed in
claim 15, wherein the additional difference between the
additional crystal lattice plane distance 6(002) and the
subsidiaxy crystal lattice plane distance d(llO) falls
within the range between 0.014 and 0.030 angstrom.

13. A magnetic¢ recording medium as claimed in
claim 15, wherein the underlying layer furthexr comprises:

an additional thin £41m which is situated under
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 recordihg medium as claimeé in,
clain 19, wherein the metal is selected from a group
cocngisting of Cr, T, Ta, and Zr.

21. A magnetic recording medlwm comprisging &
substrate, an underlying layer of a.nogmagnet&c ﬁatc:lal.
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) cxrystal str&cture having (002} planes remote from

each cther by a first crystal lattice plane distance

A O DO

4002)*
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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)' the difference 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
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24. A wagneti¢ recording medium as claimed in

64

angsLrom.

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 consisting of Cr.-ri. Ta, and 2r.

27. A magnetic recording medium 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)



65

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 dtno) from & (002)
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 pressuze 1s between 0.5 and

10 nTorr.
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