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nagnetlc recordi ng medi um and magnetic storage BACKGROUND OF THE | NVENT
57T The present invention relates to a magnetic storage used for
auxiliary storage of a conputer, or the like, a magnetic recording medium
used for the magnetic storage, and a nethod of fabricating the magnetic
recordi ng medium 10 Wth progresg af information-oriented society,

t he amount of information daily used is steadily increasing. Denand for

hi gh density recording and | arge nenory capacity for -a nagnetic storage is
accordingly being stronger. An inductive head using 15 vol t age change in
association with magnetic flux change with tine is used as a conventi onal
magneti ¢ head. Both of recording and reproduction are perforned by one

head. In recent y C oSl having a head for recording and a
head for reproduc&?@%E %ﬁ %g% ih&ﬁﬁﬁﬁﬁﬁh MR (magnetic resistive) head with
hi gher sensi ti vity 'Sqé%%%ﬁg% ”—" %éd%h%?&hdcf $AREMYicating

i ncreasi ngly used.
magnetic recordlng medlum, and magnetic storage

BACKGROUND OF THE INVENTION

5  The present_invention relates to a magnetic
storage used for an auxiliary storage of a computer,
or the like, a magnetic recording medium used for the
magnetic storage, and a method of fabricating the
magnetic recording medium.

10 With progiess of information-oriented society, the
amount of information daily used is steadily
increasing. Demand for high density recording and
large memory capacity for a.magnetic storage 1is
accordingly being stronger. An inductive head using

15 - voltage changé in association with magnetic flux
change with time is used as a conventional magnetic
head. °, Both of recording and reproduction aré performed
by one head. In recent years, a composite head'having
a head for recording and a head for reproduction, in

20 which an MR (magnetic resistive) head with higher
sensitivity is used as the reproduction head, is
rapidly increasingly used. In.the MR head, change in
electric resistance_of a head device in association

"with change in magnetic flux 1eakéd from a magnetic

25 recording medium is usedﬂ A head with higher



elfectric resistance of a head device in association with change in magnetic
flux | eaked froma magnetic 25 recording mediumis used. A head with
hrgher -2- sensitivity using a very large magnetic resistive change
(ghant magnetic resistive effect or spin valve effect) which occurs in a
plurality of magnetic layers |am nated via non-magnetic |ayers is being
devel oped. 5 According to the head, _chapge in electric resistance which
i s caused by change in relative directions of nagnetization of the
plurality of magnetic layers via the non-magnetic |ayers by the magnetic
field | eaked froma nediumis used. 10 In magnetic recording nedia
which are practically used at present, alloys containing Co as a nmain
conmponent, such as Co-Cr-Pt, Co-Cr-Ta, Co-Ni-Cr, and the like are used for

a magnetic |l ayer. Each of the Cp all oys has a hexagonal, cl ose acked (hcp)
structure in 15 seﬂﬁFEhVétX Hﬁ?ggdﬁrg@FVbﬁaFgeaW l&xF?s&Fp

magneti zation, so gg%%ea 8EXnE magﬁg QEaEE%QS%%%% e@%ect or spin valve

effect) which occurs in a plurality of magnetic layers
laminated via non-magnetic layers is being developed.

5 According to the head, éhange in electric resistance
which is caused by change in relative directions of
magnetization.of the plurality of magnetic layers via
the non—maghetic layers by the magnetic field leaked
from a medium ié used.

10 In magnetic recording media which are practically
used at present, alloys containing Co as a main
component, such as Co-Cr-Pt, Co-Cr-Ta, Co-Ni-Cr, and
the like are used for a magnetic layer. Each of the Co
alloys has a hexagénal close-packed (hcp) structure;in

15 which a c-axis direction is an easy axis of
magnetization, so that a crystal orientation such that
the c-axis of the Co ailoy is the longitudinal
direction, that is, (11.0) orientation is desirable as
a longitudinal magnetic recording medium for reversing

20 the magnetization in the magnetic layer and recording.
The (11.0) orientation is, however, unstable, so that
when the Co alloy is formed directly on a substrate,
such an orientation is not generally obtained.

A method in which the fact that a Cr (100) plane

25 having a body-centered cubic (bcc) structure has good



tthe c-axis of the Co alloy is the longitudinal direction, that is, (11.0)
orientation is desirable as a |ongitudi nal magnetic recordi ng nedi um for
eversing 20 t he magneti zation in the magnetic |ayer and recording. The
(21.0) orientation is, however, unstable, so that when the Co alloy is
formed directly on a substrate, such an orientation is not generally
obtai ned. A nethod in which the fact that a C (100) plane 25 havi ng a
body- centered cubic (bcc) structure has good ~ -3- lattice matching with a
Co (11.0) plane is used, a (100) orientated Cr undercoating |layer is first
formed on a substrate, and a Co alloy magnetic filmis epitaxially grown,
thereby obtaining the (11.0) 5 orientation such that the c-axis of the
Co alloy nagnetic filmis orientated to the in-plane direction. Al so, a
met hod in which a second elenent is, added to, C to ipprove the crystal
cé’ﬂ%f%% %ﬁ'y

lattice matchi ng Jeertsteniaieching mel gy hdee y(3h nt?ThBSeD afl oy

magnetic 10 T AN G e e s QUL A ASE PPl L8 ¥RLS Okormea
on a substrate,.and a Co alloy magnetic film is
epitaxially grown, thereby obtaining the (11.0)

5 orientation such that the c-axis of the Co alloy

magnetic film is orientated to the in-plane direction.
Also, a method in which a second element is added to
Cr to improve the crystal lattice maﬁching performance
in the boundary face between the Co alloy magnetic

10 film and the Cr undercoating layer and intervals of
lattices in the Cr undercoating layer are widened is
used. The Co (11.0) orientation is further_improved
and coercive force can be increased. There are |
examples of adding V, Ti, and the like.

15 Another factof necessary tq realize high recording
density is reduction in noises as well as increase in
coercive force of the magnetic recording medium. Since
the MR head has extremely high reproduction
seﬁsitivity, it is suitable for high density recording.

20 However, the MR head is sensitive not only to
reproduction signals from the magnetic recording.
medium but also to noises. Consequently, in the
magnetic recording medium, it is requested to reduce

. noises more than a conventioﬁal technique. It is known

25 that in order to reduce the medium noise, it is



| attices in the O undercoating |layer are widened is used. The Co (11.0)
orientation is further inproved and coercive force can be increased. There
are exanples of adding V, Ti, and the like. 15 Anot her factor
necessary to realize high recording density is reduction in noises as well
as increase in coercive force of the magnetic recording medium Since the
MR head has extrenely high reproduction gensitivity, it is suitable for

hi gh density recording. 20 However, the MR head is sensitive not only to
reproduction signals fromthe magnetic recordi ng nedi um but also to noises.
Consequently, in the magnetic recording medium it is requested to reduce
noi ses nore than a conventional technique. It is known 25 that in order
to reduce the nediumnoise, it is -4- effective to fine and uniformthe
grain size of the magnetiic filmor the like. As an iqpqrtance reqq&ig for

the magnetic di sk SHE@CHRVE kor Sidfeand yndfoam toe Fraice Lae RE

magnetic film or the like.
As an importance request for the magnetic disk
medium, improvement in shock resistance can be
5 mentioned. Especially, a magnetic disk apparatus is

mounted on a portable information device such as a
notebook-sized personal computer or the like in recent
yvears, so that improvement in the shock resistance is
very.important subject from the viewpoint of improving

10 reliability. A glass substrate whose surface ié
strengthened or a crystallized glass substrate is used
in place of a conventional Al alloy substrate to which
Ni-P is plated on the surface, thereby enabling-the-_
shock resistance of the magnetic disk medium.to be .

15 improved. 8Since the surface of the'glass substrate is
smoother than that of the conventional Ni-P plated Al
alloy ‘substrate, it is advantageous to reduce floating
spacing between a magnetic head and the magnetic
recording medium and is suitable to obtain high

20 recording density. In case of using the giass
substrate, however, problems of poor adhesion with the
substrate, invasion of impurity ion from the substrate
or absorption gas on the surface of the substrate into
"the Cr alloy undercoating layer, and the like occur.

25 As a countermeasure, any of various metal films, alloy



5 mentioned. Especially, a nagnetic disk apparatus is nounted on a
portable informati on device such as a not ebook-sized personal conputer or
the like in recent years, so that inprovenent in the shock resistance is
very inportant subject fromthe viewpoint of inproving 10 reliability.

A gl ass substrate whose surface is strengthened or a crystallized gl ass
substrate is used in place of a conventignal Al alloy substrate to which
Ni-P is plated on the surface, thereby enabling the shock resistance of the
magneti c di sk nmediumto be 15 i nproved. Since the surface of the gl ass
substrate is snmoother than that of the conventional N -P plated Al alloy
substrate, it is advantageous to reduce floating spacing between a nagnetic
head and the nagnetic recording nmediumand is suitable to obtain high 20

recording density. _In case_of using the glass substrate, hgmever, probl ens -
of poor adhesion fiimst hexigesfidmne ignfazrsd BFtWﬁﬁBrFﬁﬁ BoftSFrom t he

substrate or absorption gas og tge Surfgge of éhe su straée into the Cr
al | oy under coat i n§PEFERTEAAR: FRe| FRe2bCRYr UNIETCORKING ABYREer measur e,

any of various netal 5£g%és%|5g¥ent Application Laid-Open Nos. 62-

293511, 2-29923, 5-135343, and the like are techniques
5 related to the above.
.It is known that, as mentioned above, reducing and
uniforming the grain size of the magnetic film is B
effective to reduce the medium noise. However, when a
magnetic disk apparatus was produced experimentally by
10 combining a magnetic recording medium with a recording
deﬁsity of about 900 megabits per square inch and a
high-sensitive MR head according to the conventional
technique, sufficient electromagnetic conversion
characteristic by which 1 gigabit or higher recordipg
15 density per square incﬁ can be obtained could not be
obtained. Especially, when the glass substrate was
used as a substrate of the magnetic recording medium,
poor electromagnetic conversion characteristic in a
high recording density area was resulted. The cause
20 was examined and it was found that the Cr alloy
| undercoating layer formed directly or via various
metal or alloys as used in the conventional techniques
on the glass substrate waé not orientated as strong
"~ (100) as that in the case where it was formed on the

25 Ni-P plated Al alloy substrate. A crystal plane except



-5- films, oxide films is formed between the gl ass substrate and the Cr
all oy undercoating | ayer. Japanese Patent Application Laid-Cpen Nos. 62-
293511, 2-29923, 5-135343, and the like are techniques 5 related to the
above. It is known that, as nentioned above, reducing and uniformng the
grain size of the magnetic filmis effective to reduce the nedi um noi se.
However, when a magnetic di sk appar at us gas produced experinentally by 10
conbi ning a nagnetic recording mediumwi th a recording density of about 900
megabits per square inch and a high-sensitive MR head according to the
conventional technique, sufficient electromagnetic conversion
characteristic by which 1 gigabit or higher recording 15 density per
square inch can be obtained could not be obtained. Especially, when the

gl ass substrate S use s a_substrate_of the nmagnetic¢c_recordi ng medi um
poor electronagn2?¢€ i%ﬂv@}S?BntEﬁa?%c?%}?¥tW€gFﬁ ChEghm, &8oPHPHB dBnsity

area was resulted,._The. cause 20 was._exam ned _and, it s _found_that the
Cr alloy undercoé??ﬂ@f}%gefof%?ﬁﬁﬁuafﬁﬁﬁéFyaﬁg 533 varPose orlenEaglon
o of the c-axis as an easy axis of magnetization was
small. Thus, the coercive force was reduced and a
5 reproduction output with the high density recording
deteriorated. In the case of using the glass substrate,
the grain in the magnetic film was larger than that of
the Al alloy substrate and the distribution of grains
was larger by 20 to 30%. The medium noise was
10 therefore increased and the electromagnetic conversion
‘characteristic deteriorated. Even if an amorphous film
or a fine drystal_film disclosed in Japanese Patent
Application Laid-Open No. 4-153910 was formed between
the glass substrate and the undercoating layer, the
15 size of the grain in the magnetic film was sometimes
reduced to a certain degree but was noﬁ sufficiently
reduced. It was not effective with respect to the
reduction in the grain distribution, and preferable
electromagnetic conversion characteristic could not be
20 obtained.
SUMMARY OF THE INVENTION
It is a first object of the invention to provide a
magnetic recording medium having low noise level in
"which orientation of a magnetic film is improved and

25 the grains in the magnetic film are fined and



metal or alloys as used in the conventional techniques on the gl ass
substrate was not orientated as strong (100) as that in the case where it

was formed on the 25 Ni -P plated Al alloy substrate. A crystal plane
except -6- for (11.0) of the Co alloy magnetic filmis grown in parallel
to the substrate and the in-pl-ane orientation of the c-axis as an easy axi s
of magnetization was snmall. Thus, the cogrcive force was reduced and a 5

reproduction output with the high density recording deteriorated. In the
case of using the glass substrate, the grain in the magnetic film was

| arger than that of the Al alloy substrate and the distribution of grains
was |larger by 20 to 30% The nmedi um noi se was 10 t herefore increased and
the el ectromagneti c conversion characteristic deteriorated. Even if an

anor phous filmor_ a.fin e%yystal filmdisclosed in Japanese Patent

Appl i cation Laid-Eﬁéﬁoﬁg. 4- 153910 was formed between the gl ass substrate

and the undercoating IAyds o MRcbha ofeet At Hife Wiifdniod o (PEsPLAE
a method of fabricating the magnetic recording medium.
It is a third object cf‘the invention to provide a
5 magnetic storage with high recording density.
In order to achievé the first object, according to
a magnetic recording medium of the invention, a first
undercoating layer is deposited directly or via a
third undercoating layer on a substrate, a second

10 undercoating layer is directly deposited on the first
undercoating layer, and a magnetic film is deposited
on the second undercoating layer. Clusters having a
large amount .of oxygen are spread on the boundary.face
of the first and second undercoating layers.

15 In order to achieve the second 6bject, according
to a method of fabricating a magnetic recording medium
of the invention, a first undercoating layer is formed
on a substrate directly or via a third undercoating
layer and is exposed to an atmosphere including oxygen |

20 for a time period that PQO,-t (where, POz-t is oxygen
partial pressure of the atmosphere and t is time of
exposure of the substrate to the atmosphere) is in a
range from 1x10°% (Torr-sec) to 1x10~? (Torr-sec), a

. second undercoating layer is directly formed on the

25 first undercoating layer exposed to the atmosphere,



reduced to a certain degree but was not sufficiently reduced. It was not
effective with respect to the reduction in the grain distribution, and
preferabl e el ectronagnetic conversion characteristic could not be 20

obt-ai ned. SUMVARY OF THE INVENTION It is a first object of the invention to
provi de a magnetic recordi ng nedi um having | ow noise | evel in which

orientation of a magnetic filmis inprevgd-and 25 the grains in the
magnetic filmare fined and -7- uniforned. It is a second object of the
i nvention to provide a nethod of fabricating the magnetic recordi ng nedi um
It is athird object of the invention to provide a 5 magneti c storage

with high recording density. In order to achieve the first object,
according to a magnetic recordi ng nediumof the invention, a first

under 00at i ng | ayeylsd LIeARRIAd GHinRCUsY AUl dh W4 Lty coating | ayer
undercoating layer.

In oxrder to achieve the third object, a magnetic
storage of the invention.comprises: the above-

L] mentioned magnetic recording medium; a magnetic head
constructed by a recording part and a reproducing part
provided in cérrespondence to the fages of the
ﬁagnetic recording medium; a drive unit for changing
relative positions of the magnetic recording medium

10 and the magnetic head; a magnetic head driving unit
for positioning the magnetic head to a desired
position; and a recording and reproduction signal
processing system for inputting signals to the
magnetic head and reproducing output signals form the

15 magnetic head.

It is preferable that'the first undercoating layer
is made of an alloy consisting of two or more kinds of
elements. In the case where elements which oxidize
differently are included in the alloy and the first

20 undercoating layer is exposed to an atmosphere at a
certain oxygen partial pressure for a ceftain time, it
is estimated as follows. A uniform oxide film whose
surface is continuous in the plane is not formed but

- clusters having a large amount of oxygen are locally

25 formed in an area rich in the element which is easily



16 . undercoating layer is directly deposited on the first undercoating

| ayer, and a magnetic filmis deposited on the second undercoating |ayer.
CLusters havi ng a | arge anmobunt of oxygen are spread on the boundary face of
the first and second undercoating |ayers. 15 In order to achieve the
second object, according to a nethod of fabricating a nmagnetic recording
medi um of the invention, a first undercoati-ng |layer is fornmed on a
substrate directly or via a third undercoating |ayer and is exposed to an
at nosphere including oxygen 20 . for a time period that PJerr].t (where,
PJerr].t is oxygen partial pressure of the atnosphere and t is tine of
exposure of the substrate to the atnosphere) is in a range from 1x10[err]
(Torr.sec) to 1x10[err] (Torr.sec), a second undercoating layer is directly

formed on the 25 Pt Hgggﬂ : agﬁphere
-8- and a magnetlc)? d[rﬁséldslg?me on t e secon un er%:%a%lli%g% ayer. In
order to achieve Rﬁﬁﬁéﬂﬁd&iﬁﬂb‘%&?er@ ”@ﬁ@ebkﬁlns of the second

undercoating layer grown on the clusters are fined and
-uniformed and further, the average gain size of the
5 magnetic film is reduced and the grain diameter is
uniformed.

The magnetic recording medium of the invention has
effects on reduction in medium noise, increase in
coe%cive force, and the like. According to the method

10 of fabricating the magnetic recording medium of the
invention, the above magnetic recording medium can be
easily fabricated. The magnetic storage of the
invention using the magnetic recording medium has high
recording density.

15 Providing of oxidizing step in a process sequence
of fabricating a magnetic disc is known by U.S. Patent
No. 4,552,820.

The purpose of oxidation in the invention is to
reduce a modulation of reproduction output. The

20 modulation is a kind of fluctuation in reproduction
output due to anisotropy of crystal structure
occurring in a sputtering apparatus of an in-line type
(method of depositing films while conveying, that is,

- moving a substrate in one direction). Since a

25 sputtering apparatus of a stationary facing type



storage of the invention conprises: the above- 5 menti oned magnetic
recordi ng nmediunm a magneti c head constructed by a recording part and a
reproduci ng part provided in correspondence to the faces of the magnetic
recording nmedium a drive unit for changing relative positions of the
magneti c recordi ng nedi um 10 and the magnetic head; a magnetic head
driving unit for positioning the nagnethe head to a desired position; and a
recordi ng and reproduction signal processing systemfor inputting signals
to the magnetic head and reproducing output signals formthe 15 magneti c
head. It is preferable that the first undercoating |ayer is made of an

all oy consisting of two or nore kinds of elenents. In the case where

el enents which oxidize differently are included in the alloy and the first

parti al pr essur o MBRCRoRepE LFRBOFREL Y 9?@%2?*5%2?2% %%b?e?%&a%ﬂ i for m
oxi de 1 1m whose oyrLape.ts: CONLLINOUSLD LhELDLRAGE) S R0halfTYPdoH! o
g a large anount O ygen are oca In an

area rich in the ﬁigggﬂﬁ,mgﬁéhpfébféﬁii¥ ignored. Even in the
sputtering apparatus of the in-line type, since a film
5 thickness of an undercoating layer and that of a
magnetic layer are reduced as the recording density
becomes higher, the prbblem of the modulation is small.
The present invention intends to reduce noise by.
uniforming the orientation of the crystal and is

10 different from the above U.S. patent. According to the
above U.S. patent, by oxidizing an Ni-Vv layer before
depositing a Cr layer as an undercoating layer, thg
grain size of the Cr film is increased, thereby .
reducing the modulation. On the contrary, according-to

15 the present invention, clusters are generated by'
oxidization in a step prior to formation of the Cr
alloy‘'undercoating layer, and the grain size of the Cr
alloy undercoating layer is reduced, thereby realizing
reduction in noise.

20 The above and other objects and features of the.
present invention will become more apparent from the
following detailed description of embodiments with
reference to the accompanying drawings.

. BRIEF DESCRIPTION OF THE DRAWINGS

25 Fig. 1 is a schematic cross section of a magnetic



=Q- oxidized and becone the nucl eation of the second undercoating |ayer.
The grains of the second undercoating | ayer grown on the clusters are fined
and uni forned and further, the average gain size of the 5 magnetic film
I's reduced and the grain diameter is uniformed. The magnetic recording
medi um of the invention has effects on reduction in nmedi um noi se, increase
in coercive force, and the like. Accordifig.to the nmethod 10 of
fabricating the magnetic recordi ng nedium of the invention, the above
magneti c recordi ng medi um can be easily fabricated. The magneti c storage of
the invention using the magnetic recordi ng nmedi um has hi gh recording
density. 15 Provi ding of oxidizing step in a process sequence of
fabricating a magnetic disc is known by U S. Patent No. 4,552,820. The

R L REIR R T e KR ST e A
reproducti on invention;
Fig. 2 1is a schematic diagram showing an example
of a layer forming device of a magnetic recording
5 medium of the invention;

Fig. 3 is a diagram showing the relation of the
product of activation volume and magnetic moment with
respect to conditions at the time of forming a multi-
undercoating layer of the magnetic recording medium of

10 the invention;

| Fig. 4 is a schematic diagram of a TEM photograph
of clusters formed on a first undercoating layer of
the magnetic recording medium of the invention;

"Fig. 5 is a diagram showing X-ray diffraction

15 patterns of a magnetic recording medium according to .
an embodiment of the invention and a magnetic
recording medium according to a comparison example;

Fig. 6 is a plan schematic diagram and a schematic
cross section according to an embodiment of a magnetic

20 storage of the invention; and

Fig. 7 is a schematic cross section of a magnetic
recording medium according to another embodiment of
the invention.

. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 Fig. 1 is a schematical cross section of a



output due to anisotropy of crystal structure occurring in a sputtering
apparatus of an in-line type (nethod of depositing filnms while conveying,
that is, nmoving a substrate in one direction). Since a 25 sputtering
apparatus of a stationary facing type - 10 - (nethod of depositing filns
while a substrate and a target stationarily face each other) is mainly used
at present, the problemis ignored. Evenjgn.the sputtering apparatus of the

in-line type, since a filmb5 t hi ckness of an undercoating | ayer and that
of a magnetic |ayer are reduced as the recordi ng density becones higher,
the problemof the nodulation is snmall. The present invention intends to

reduce noise by uniformng the orientation of the crystal and is 10
different fromthe above U S. patent. According to the above U S. patent,
by oxidizing an Ni-V la er Q9fore eppsi t as_an undercoating .

' Cr_|
|l ayer, the grain I i Jéﬁ?rlfl%?%gs%d’,‘af%%?e%yr?%% 1HY the
modul ation. On t hqne%i%ﬂ aa[é’coﬂﬁﬁ'g q‘.'cpgcﬁeo invention.

On both of the faces of a substrate 40 made of a

o)

strengthened glass, first undercoating layers 41, 41°’,
5 second undercoating layers 42, 42', magnetic films 43,
43’, protective films 44, 44’, and lubricant films 45,
45’ are sequentially laminated in this order, -
respectively.
Fig. 2 is a schematic diagram showing an example

10 of a sputtering apparatus of a single disc process
type for fabricating the magnetic recording medium of
Fig. 1. In the actual sbuttering apparatus, a main
chamber. 29 is positioned in the qeﬁter and a
preparation chamber 21, a first undercoéting layer .

15 forming chamber 22, a heating chamber 23, an oxidation
chamber 24, a second undercoating layer forming
chamber 25, a magnetic layer forming chamber 26,
protective film forming chambers 27a, 27b, 27c¢, 274,
and a take-out chamber 28 are arranged in a circular

20 shape around the main chamber 29. An operation for
feeding the substrate after processing in a certain
chamber to the next chamber is simultaneously
performed with respect to the respective chambers.

~ That is, a plurality of substrates can be |

25 simultaneocusly processed in the sputtering apparatus



x5 the present invention, clusters are generated by oxidization in a
step prior to formation of the Cr alloy undercoating |layer, and the grain
size of the Cr alloy undercoating |ayer is reduced, thereby realizing
r'eduction in noise. 20 The above and ot her objects and features of
the present invention will becone nore apparent fromthe foll ow ng detail ed
description of enbodinents with referenasg t-0 the acconpanyi ng draw ngs.

BRI EF DESCRI PTI ON OF THE DRAW NGS 25 Fig. 1 is a schematic cross
section of a magnetic recordi ng nmedi um according to an enbodi ment of the
Invention; Fig. 2 is a schematic di agram showi ng an exanple of a |ayer

form ng device of a nagnetic recording 5 medi um of the invention; Fig. 3

is a diagram showi ng the relation of the product of activation volunme and

magnetic moment whhj EﬁéPSEBsEPaEQEdEShogé é&n&héeﬁygﬁtﬁélﬁQVQE”Qh% ﬁ“'ti'

undercoating | ayer of the magnetic recording nediu
chambers. Since it is preferable to form the

protective film at low speed, the four protective film
forming chambers 27a, 27b, 27c, and 27d are provided

5 and 1/4 of a desired thickness is formed in each
chamber.

In the spﬁttering apparatus, the substrate 20 made
of strengthened glass is first introduced to the
preparation chamber 21 and the preparation chamber 21

10 is vacuumized, sequentially transferred to the
chambers via the main chamber 29, and processed as
follows. For example, an alloy of 60at%Co-30at%Cr-
10at%2r . is formed.és a firéguﬁndercoating layer at a
room temperature and is heated to 270°C, and after that,

15 it is exposed to a mixed gas of argon and oxygen in
the oxidation chamber 24. At this time, the mixing
ratio+of the mixed gas and the time to expose to the
atmosphere of the mixed gas are variably changed. The
second undercoating layér made of, for example, an

20 alloy of 75at%Cr-15at%Ti and the magnetic layer made
of, for example, an alloy of 75at%Co-19at%Cr-6at%Pt
are sequentially laminated. During this period, the
temperature is kept at or slightly lower than 270°C.

- Further, carbon having thickness of 10 to 30 nm is

25 formed as the protective layer.



({0} the invention; Fig. 4 is a schematic diagram of a TEM phot ograph of
clusters fornmed on a first undercoating |ayer of the nagnetic recording
medi um of the invention; Fig. 5 is a diagramshow ng X-ray diffraction 15
patterns of a nagnetic recordi ng nedium according to an enbodi ment of the
I nvention and a magnetic recordi ng nedium according to a conpari son
exanple; Fig. 6 is a plan schematic diagrgm and a schematic cross section
according to an enbodi nent of a nagnetic 20 storage of the invention;
and Fig. 7 is a schematic cross section of a nmagnetic recordi ng medi um
according to anot her enbodi nent of the invention. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS 25 Fig. 1 is a schematical cross section
of a - 12 - representative enbodi mrent of a nmagnetic recordi ng nmedi um

rdin he invention. h of f of r 4
ZCCO ding to the ev}he% th?mqgctingo ra:[tq.eo o et eO mifjlxeS bgsats aér?d t emade of

exposure time to the mixed gas were changed, it_is
found that, as shown in Fig. 3, the product (v-Isb) of
the activation volume v and the magnetic moment Isb
5 showing a linear correlation with medium noise was
extrgmely small with respect to the product (POz;-t) of
oxygen partiai pressure PO; of the atmosphere and -
exposure time t to the atmosphere. wv-Isb is described
in "Journal of Magnetism and Magnetic Materials", Vol.
10 145, pp. 255 to 260 (1995). v-Isb is a quantity
éorresponding to the minimum unit of Ehe magnetization
inversion and the smaller v-Isb is, thé\smaller the
medium noise is. Since v-Isb is physical quantity, the
medium noise can be objectively compared irrespective
15 of the recording and reproducing conditions. PO;-t
when v*'Isb is the minimum varies according to the
composite of an alloy of the first or second
undercoating layer and the composition ratio.
According to various experiments, when PO;°t ranges
20 from 1x10°% (Torr-sec) to 1x1072 (Torr-sec),. there was
an effect on reduction of the medium noise. Especially,
in the case where Co is included in the first
undercoating layer, it was effective when PO;-t ranges
. from 1x107% (Torr-sec) to 1x1073 (Torr-sec). That is,

25 - it was confirmed by using a TEM (transmission electron



strengt hened gl ass, first undercoating |ayers 41, 41', 5 second
undercoating | ayers 42, 42', magnetic filnms 43, 43", protective filns 44,
44' , and lubricant filns 45, 45" are sequentially lamnated in this order,
respectively. Fig. 2 is a schematic diagram showi ng an exanple 10 of a
sputtering apparatus of a single disc process type for fabricating the
magnetic recording nmediumof Fig. 1. Lnighe actual sputtering apparatus, a
mai n chanber 29 is positioned in the center and a preparation chanmber 21, a
first undercoating |layer. 15 form ng chanber 22, a heating chanber 23,
an oxidation chanber 24, a second undercoating |ayer form ng chanmber 25, a
magnetic | ayer form ng chanber 26, protective filmform ng chanbers 27a,
27b, 27c, 27d, and a take-out chanber 28 are arranged in a circular 20

shape around {he LI, A0 el A0 e \ond g gle sustrate
oL T L e Sl ey s e s gl dgion 8 ALY
appar at us where v-Isb is reduced. '
Further, a lubricating film made of absorb =
[ perfluorocalkylpolyether or the like is deposited to a
thickness on the order of 1 to 10 nm on the protective
layer, thereby obtaining a reliable magnetic recording
medium which can perform high denéity recording.
Similar effects can be derived when the heat

10 treatment is performed before the formation of the
first undercoating layers 41, 41'. It is also possible
that the process is performed at a room temperature
until the oxidation, then the temperaﬁure_is increased
to 270°C, and the second undércoating layer is formed.

15 The heat treatment is a general method of improving
the crystallinity df the undercoating layer, enhancing
the coercive force of the magnetic film, and reducing
the noise. Usually, the heat treatment is performed
about at 200 to 300°C.

20 When a carbon film in which hydrogen is added, a
film made of a compound of silicon carbide, tungsten
carbide, or the like, or a composite film of the
compound and carbon is used as each of the protective

" layers 44, 44', it is preferable since sliding

25 resistance and corrosion resistance can be improved.



-. 13 - and the substrates can be sent sequentially to the chanbers. Since
it is preferable to formthe protective filmat | ow speed, the four
protective filmform ng chanbers 27a, 27b, 27c, and 27d are provided 5

and 1/4 of a desired thickness is fornmed in each chanber. In the sputtering
apparatus, the substrate 20 made of strengthened glass is first introduced
to the preparation chanber 21 and the pgeparati on chanber 21 10 S
vacuum zed, sequentially transferred to the chanbers via the nmain chanber
29, and processed as follows. For exanple, an alloy of 60at%Co-30at %Cr -
10at%Zr is formed as a first undercoating |ayer at a roomtenperature and
is heated to 270[err]C, and after that, 15 it Is exposed to a m xed gas
of argon and oxygen in the oxidation chamber 24. At this time, the mxing

ratio of the nlxggt y @%aﬁ%ggeéﬁh Sg%géggsg gofggﬁegt geﬁf gEethe

m xed gas are varra undeér coa |ng ayer é of, for

exanpl e, an 20 ro@bhR¥sfidSpb2fdalont ek 80drhbe B?%S%f&rﬁﬂ&r made

plasma etching using a fine mask or the like,
projections of different phases are formed on the
5 surfaces of the protective layers by usihg a target of

compound or mixture, or roughness is formed on the
surface by heat treatment, contact area of the head’
and the medium can be reduced. It is preferable since
a problem that the head is stuck to the medium surface

10 at the time of a CSS (head contact start and stop)
operation can be avoided..

In the case of using the Ni-P plated Al alloy
substrate as the substrate 40 as well, in a manner
similar to the case of using the glass substrate, the

15 effect that the grains in the magnetic layer are fined
was confirmed.

Fyrther, in case of using the Al alloy substrate
és the substrate 40, as shown in Fig. 7, it is
preferable that substfate face undercoating layers 40-

20 1, 40-1’ made of Ni-P or the like are formed between
the substrate 40 and the first undercoating layers 41,
41', respectively. Similarly, in case of using the
glass substrate as the substrate 40 as well, it is
- preferable that the substrate face undercoating layers

25 made of any of various metal layers, the alloy film,



of, for exanple, an alloy of 75at%Co-19at %Cr-6at %t are sequentially

| am nated. During this period, the tenperature is kept at or slightly |ower
than 270[err] C. Further, carbon having thickness of 10 to 30 nmis 25
formed as the protective |ayer. - 14 - Wien the mxing ratio of the

m xed gas and the exposure tinme to the m xed gas were changed, it is found
that, as shown in Fig. 3, the product (vihsh) of the activation volune v
and the magnetic nonent Isb 5 showing a linear correlation with nedi um
noi se was extrenely small with respect to the product (PJerr].t) of oxygen
partial pressure PJerr] of the atnosphere and exposure tine t to the

at nosphere. v.Isb is described in "Journal of Magnetism and Magnetic

Mat erial s", Vol. 10 145, pp. 255 to 260 (1995). v.Isb is a quantity

corresponding 1o heaTLELITULADL £ 6L GRECITORE L 4EAAPY. OS2 eBpdchNe
quantity, the mediympolse ﬁé‘”s&gs@?é@&tM%MdCQHBaE?QsUﬁﬁé@%&&h\éing
layers 41 41’, respectively.
Fig. 4 is a schematic diagram illustrating
5 clusters formed on each of the first undercoating
layers 41, 41’. The diagram shows the structure of a
sample of clusters formed on the substrate obtained by
forming a single layer of 68at%Co-24at%Cr-8at%W alloy
as the first undercoating layer on the glass substrate
10 when it is seen by using the transmission electron
microscope (TEM). The clusters are minute grains as
shown in Fig. 4 and are uniformly dispersed at
intervals of few nm. Standard free energy for oxide
formation is used as an index of the oxidizable degree
15 of an element. It is preferable that an alloy forming
the first undercoating layer inéludes two or more
kinds',0of elements in which the difference of the oxide
formation standard free energies AG®° at the temperature
of 250°C is more than 150 (kJ/mol Oz) (in case of an
20 element in which two or more kinds of oxides exist,
(for example, Fe has oxides Fej;03, Fei0y4, and.the like),
the lowest AG® is chosen). It is more preferable to
include two or more kinds of elements in which the
-~ difference is 180 (kJ/mol 0;) or more. It is most

25 preferable to include two or more kinds of elements in



5. of the recording and reproducing conditions. PJerr].t when v.Isb is
the m nimum varies according to the conposite of an alloy of the first or
second undercoating | ayer and the conposition ratio. According to various
experinments, when P(Jerr].t ranges 20 from 1x10[err] (Torr.sec) to
1x10[err] (Torr.sec), there was an effect on reduction of the nmedi um noi se.
Especially, in the case where Co is inclygled in the first undercoating

| ayer, it was effective when PJerr].t ranges from 1x10[err] (Torr.sec) to
1x10[err] (Torr.sec). That is, 25 it was confirmed by using a TEM
(transm ssion el ectron - 15 - mcroscope) that the grain size of the
second undercoating |ayer was reduced in the region of PJQerr].t where
v.lsb is reduced. Further, a lubricating film made of absorb 5

AR JOATIIENEE N ER Y
magnetic recording Rl UM WalE 63 REUEYER NGl TP e 'EF ¥ ke,
there are generally about 1000 combinations.
When an element whose oxide formation standard
5 free energy AG® is -750 (kJ/mol 0;) or lower is
included in the alloy, the effect can be derived with
a supply of a small amount of oxygen. Table 1 shows
various elements, corresponding oxides, and formation
standard free energies AG®° at the temperature of 250°C.
10 AG® is a value read from the diagram of the relation
between AG® and the temperature shown by Coughlin.
This is shown in "Refining of nonferrous meEals” (new
system metal new edition refining metal version), The
Japan Institute of Metals Publisher, 1964, pp.291 tp

15 292.



Similar effects can be derived when the heat 10 treatment is perforned
before the formation of the first undercoating |layers 41, 41'. It is also
possible that the process is perforned at a roomtenperature until the

oxi dation, then the tenperature is increased to 270[err]C, and the second
undercoating layer is forned. 15 The heat treatnment is a general nethod
of inproving the crystallinity of the yngdercoating |ayer, enhancing the
coercive force of the magnetic film and reducing the noise. Usually, the
heat treatnment is perforned about at 200 to 300[err]C. 20 When a
carbon filmin which hydrogen is added, a film nade of a conpound of
silicon carbide, tungsten carbide, or the like, or a conposite.filmof the
conmpound and carbon is used as each of the protective |layers 44, 44', it is
pref erabl e since slii#ng 25 resi stance and corrosion resistance can be

| nproved. - 16 - gole; e protective |layers are forned, when mnute

roughness is forngd_on the surface by perforn ng .
Element oxide standard free |-
Element Oxide energy for oxide formation i
AG® (kI/mol0,) :
Co - . Co0 -398 i
5 Mo MoO, -410
1] WO; ~473
- Cr Cry0, ~-666
Ta ’ Ta,0g ~724
v V,0; -737
si sio, ~783
Ti Ti0 -933
10 Zr Zx0y -992
Al A1203 -1005
As an alloy used for the first undercoating layer,
an alloy including Cr and at least one kind of element
selected from a group of Mo, Ti, Zr and Al is
15 preferable from the viewpoint of adhering performance
to the substrate. Further, when an alloy containing'Co
and at least one kind of element selected from a group
of Cr, Si, V, Ta, Ti, Zr, Al, and W is used as an
alloy for the first undercoating layer, the alloy
20 easily becomes amorphous or fine crystal and the

texture becomes dense. It is consequently effective
when the glass substrate is used since the alloy
serves as a diffusing barrier against impurities such
~as alkali element or the like entering from the glass

25 into the layer. Further, it is alsoc effective to use



plasma etching using a fine mask or the like, projections of different
phases are fornmed on the 5 surfaces of the protective |layers by using a
target of conpound or m xture, or roughness is forned on the surface by
heat treatment, contact area of the head and the medium can be reduced. It
Is preferable since a problemthat the head is stuck to the nmedi um surface
10 at the time of a CSS (head contagg start and stop) operation can be
avoided. In the case of using the Ni-P plated Al alloy substrate as the
substrate 40 as well, in a manner simlar to the case of using the glass
substrate, .the 15 effect that the grains in the magnetic |ayer are fined
was confirmed.. Further, in case of using the Al alloy substrate as the
substrate 40, as shown in Fig. 7, it is preferable that substrate face

under coating | ayers _40- 20 1, 40-1" e of, N-P or the li are formed
bet ween t he sub&fr X0 CORF3 S Péi aﬁg&tc&ae[q%tg ‘i’beyé?lg‘ifkﬂr ,
respectively. Simlarly,. in ca f._usi e bstif a aspst h
substrate 40 as e\%“\e,nb?/tsellsec%reaeéf%gﬁ %‘ g’%é"tubt ﬁ% su 'stsé'ria't e\F'f gl‘;ae, ?nlde?crdat i ng

layers 2_5 MR8, Ofar Wy For’ BHOYS TR Und e abidd8 R0y diddB the

alloy easily becomes amorphous or fine crystal.

5 *Amorphous" denotes that a clear peak by the X-ray
diffraction is not observed or that a clear
diffraction spot and a diffraction ring by the
electron beam diffraction are not observed and a halo-
shaped diffractiqn ring is observed. The fine crystal

10 is constructed by crystal grains each having the size
smaller than that of the grain size of thg magnetic
layer and, preferably, having the average diameter of
8 nm or smaller. Since the percentage content of an
element having the smallest standard free energy AGT

15 °~ for oxide formation among the alloys used for the

. first undercoating layer is related to the number of
nucleation, the percentage content of about 5at$% to
50at% is preferable since it is effective on reduction
of the grain size of the second undercoating layer. It

20 . is more preferable that it ranges from 5at% to 30at%.

Third undercoating layers can be also arranged
between the first undercoating layers 41, 41’ and the
substrate 40. For example, the glass substrate is used
- as the substrate 40, Various metal layers, alloy

25 layers, oxide layers, or the like shown in the



-17 - and the oxide filmwhich are usually used are forned between the
substrate 40 and the first undercoatlng | ayers 41, 41', respectively. Fig.
4 is a schematic diagramillustrating 5 clusters formed on each of the
first undercoating layers 41, 41'. The di agram shows the structure of a
sanpl e of clusters formed on the substrate obtained by formng a single
| ayer of 68at %Co-24at %Cr - 8at %V al | oy -as ghe_first undercoating |ayer on the
gl ass substrate 10 when it is seen by using the transm ssion el ectron
m croscope (TEM. The clusters are mnute grains as shown in Fig. 4 and are
uni formy dispersed at intervals of few nm Standard free energy for oxide
formation is used as an index of the oxidizable degree 15 of an el enent.
It is preferable that an alloy formng the first undercoating |ayer

i ncl udes two or nore ki sof nts in h the |ffe ence of .t he oxide
formation standar FYFEE h%?%fe%%lrﬁ e‘F?’]‘C%T' THE t%‘?‘rp@?%t ﬁ?% * 3
250[err]Cis nnree&Jggkéggkﬁﬁg/fg§e§;prr]) (in case of an
For the second undercoating layers 42, 42’, it is
preferable to use an alloy having the bcc structure
5 such as the Cr alloy having good lattice matching with
the Co alloy magnetic layer. For example, Cr, and Cr
alloys, that is, CrTi, CrV, CrMo, and the like can be
used.
It is preferable that the thickness of the first
10 undercoating layer ranges from 20 to 50 nm and that
the thickness of the second nndercoating layer ranges
from 10 to 50 nm.
Preferably, as the magnetic layers 43, 43/,
magnetic layers in which magnetic anisotropy is
15 oriented toward the in-plane is used. For such a
magnetic layer, alloys containing Co as a main
component, for example, Co-Cr-Pt, Co-Cr-Pt-Ta, Co-Cr-
Pt-Ti, Co-Cr-Ta, Co-Ni-Cr, and the like can be used.
However, in order to obtain higher coercive force, it
20 is preferable to use the Co alloy including Pt.
| Further, the magnetic layer can be also constructed by
a plurality of layers in which non-magnetic
interlayers are included.
As magnetic characteristics of the magnetic layer,

25 it is preferable that the coercive force measured by



20. el ement in which two or nore kinds of oxides exist, (for exanple, Fe
has oxides Fe[err](err], Fe[err]Cerr], and the like), the |owest
[err]Jerr] is chosen). It is nore preferable to include two or nore kinds
of -el enents in which the difference is 180 (kJ/nmol err]) or nore. It is
nost 25 preferable to include two or nore kinds of elenments in - 18 -
which the difference’is 200 (kJ/nmol (ergp)_or nore. Although there is no
upper limt of the difference, there are generally about 1000 conbi nati ons.
When an el enment whose oxide formation standard 5 free energy [err]{Jerr]
Is -750 (kJ/mol (err]) or lower is included in the alloy, the effect can
be derived with a supply of a small anobunt of oxygen. Table 1 shows vari ous
el enents, correspondi ng oxi des, and formation standard free energies

raad {1om 1 he. di agiEy %ﬁ{ah%@e é?%&rf%%cﬁéﬁié&%?%m%f e [Ete e e 1
temper ature shown fnaCouald e i J ShOU 10 o BEL 04 1. Yo ROnL. 24" e

net al s" (nem/systen1ne new'e Ton r flnlng e version
product Br-t of a residual magnetic flux density Br

measured by applying the magnetic field to the inside
5 of the film plane and the film thickness t ranging

from_ 20 to 140 gauss micron, preferable recording and
reproducing characterisﬁics can be obtained in an area
of a recording density of 1 giga bit per one square
inch. If the coercive force is less than 1.8 kilo

10 oersted, it is not preferable since an output at the
time of high recording density (200 kKFCI or higher) is
reduced. FCI (flux reversal per inch) denotes a unit
of recording density. When Br°t is larger than 140
gauss micron, the reproduction output at the time qf

15 the high recording density is reduced and when it is
less than 20 gauss micron, it is not preferable that
the reproduction output at the time of the low
recording density is small.

When the magnetic film is constructed by a

20 plurality of layers having non-magnetic inteflayers,
the film thickness t of the magnetic film in the
calculation of Br-t shows the total of the thickness
of the magnetic layers.

<Embodiment 1>

25 In the first embodiment, chemically strengthened



Japan Institute of Metals Publisher, 1964, pp.291 to 15

292. - 19 -

[ Tabl e 1] El enent oxi de standard free El enent Oxi de . energy for
oxide formation [err]Jerr] (kd/nmolJerr]) Co CoO

-398 5 Mo M err] -410 W WO err]
-473 COr Crlerr](err] -666 Ta Ta[err]Jerr]
-724 V Vlerr](err] _ =737 Si Siqerr]

-783 Ti [ ' - 933 ﬁ% Zr Zrgerr]
-992 Al Alferr]Jerr] -1005 As an alloy used for the

first undercoating layer, an alloy including Cr and at
el enrent selected froma group of Mo, Ti, Zr and Al is

soda-lime glass of 2.5 inches is used

substrate 40. The first undercoating

| east one kind of

for the

layers 41, 41°

made of an alloy of 60at%Co-30at%Cr-10at%Zr each

having the thickness of 25 nm, the second undercoating

5 layers 42, made of a 85at%Cr-15at%Ti

alloy each having

the thickness of 20 nm, the magnetic films 43, 43°

made of a 75aE%Co-19at%Cr-6at%Pt alloy each having the

thickness of 20 nm, and further the carbon protective

layers 44, 44’ each having the thickness of 10 nm are

10 sequentially formed on the faces of the substrate 40,

respectively. Single disc processing

type sputtering

apparatus mdp250A manufactured by Intevac, Inc. is

used as a layer forming apparatus and

the layers are

formed in 10 seconds per tact. Tact denotes a period

15 of time during which the substrate is

sent from a

previous chamber to a certain chamber, processed in

the chamber, and sent to a next chamber in the

sputtering apparatus. The chamber construction of the

sputtering

20 apparatus is as shown in Fig. 2.

Argon (Ar) gas

pressure at the time of depositing the films is fixed

to 6 mTorr. The oxygen partial pressure in the main

chamber 29 during the layer forming operation is about

" 1x10°®8 (Torr).

25. The first undercoating lavyers 41,

41’ are



15 preferable fromthe viewpoint of adhering performance to the
substrate. Further, when an alloy containing Co and at |east one kind of

el enent selected froma group of C, Si, V, Ta, Ti, Zr, A, and Wis used
as an alloy for the first undercoating |ayer, the alloy 20 easily
beconmes anor phous or fine crystal and the texture becones dense. It is
consequently effective when the glass_syhstrate is used since the alloy
serves as a diffusing barrier against inpurities such as alkali elenment or
the like entering fromthe glass 25 into the layer. Further, it is also
effective to use - 20 - an alloy containing Ni and at |east one kind of
el enrent selected froma group of &, Si, V, Ta, Ti, Zr, A, and Wfor the
first undercoating |ayer, since the alloy easily beconmes anorphous or fine

CYSal S o MBEgoses a1ohes LI Ry SheRtoReRIG lnile Kiffto
di ffraction ring Byl edpoid o Dears dAdr8othe"s B8P ORoLL Vageand 2
heated, heated to 270°C by a lamp heater in the heating
chamber 23, and exposed to an atmosphere in which a
5 pressure of 99%Ar-1%0, mixed gas is S.mTorr (gas flow
rate of 10 sccm) for three seconds in the oxidation-
chamber 24, and the layers are sequentially deposited
on the processed first ﬁhdercoating layers 41, 41’ in
the second undercoating layer forming chamber 25, the
10 magnetic layer forming chamber 26, and the protective
film forming chambers 27a, 27b, 27c, and 27d. POz;-t in
this case corresponds to 5mTorr X 0.01 X 3 seconds =
1.5%x10™* (Torr-sec). After forming the carbon
protective films, a material-obtained by diluting a
15 perfluoroalkylpolether material with a fluorocarbon
materiél is applied as the lubricant films 45, 45'.
<Comparison example 1>
Comparison example-l rélates to a magnetic
recording medium fabricated under the same conditions
20 as the embodiment 1 except thét the mixed gas is not
introduced into the oxidation chamber 24.
The coercive force of the magnetic recording
medium of the embodiment 1 was 2,170 oersted which is
- higher than that of the magnetic recording medium of

25 the comparison example 1 by about 300 oersted. The



shaped diffraction ring is observed. The fine crystal 10 I s constructed
by crystal grains each having the size smaller than that of the grain size
of the magnetic |ayer and, preferably, having the average diameter of 8 nm
ar smaller. Since the percentage content of an el enent having the snall est
standard free energy [err]{Jerr] 15 for oxi de formation anong the all oys
used for the first undercoating |ayer_i,s related to the nunber of

nucl eati on, the percentage content of a out 5at%to 50at%is preferable
since it is effective on reduction of the grain size of the second )
undercoating layer. It 20 Is nore preferable that it ranges from5at%to
30at% Third undercoating |ayers can be al so arranged between the first
undercoating layers 41, 41' and the substrate 40. For exanple t he glass

substrate is used as the_substrate 40, various netal, %Xers allo
| ayers, oxide Ia?EPguCBrBFhE 9?kEh§h6ﬂﬁl@Ha%h@agnet191 uXoAeBELE n§F

technique can beaﬂéegh%SmBSSeEQErglf”de CO esg Ea%%r%he embodiment 1

was 89 gauss micron. v-Isb of the magnetic recording
medium of the embodiment 1 was 1.05x107)5 (emu) which
5 is reduced to 47% of 2.24x107'® (emu) of the magnetic

recording medium of the comparison example 1, so that
the medium noise was reduced to almost the half of ~
that of the comparison example 1. The reproduction
qutputs in the evaluated recording density region of

10 the embodiment 1 and the comparison example 1 were
almost the same. The S/N ratio of the medium was
improved by an amount corresponding to the reduction
of the medium noise.

When the magnetic recording media of the

15 embodiment 1 and the comparison example 1 were
acﬁually inserted into a magnetic disk apparatus and
recordihg and reproduction characteristics by an MR
head were evaluated under that conditions of the track
recording density of 161 kBPI (bit per inch) and the

20 ‘ track density of 9.3 kTPI (track per inch). The
magnetic recording meaium of the embodiment 1 has an
S/N ratio higher than that of the comparison example
by 1.8 times and sufficiently satisfied the apparatus
specification of 1.6 gigabits per square inch of the

25 plane rgcording density. On the other hand, the medium



For the second undercoating layers 42, 42', it is preferable to use an
all oy having the bcc structure 5 such as the O alloy having good

| attice matching with the Co alloy nagnetic |ayer. For exanple, Cr, and Cr
aldoys, that is, OTi, OV, M, and the like can be used. It is
preferable that the thickness of the first 10 under coating | ayer ranges
from20 to 50 nmand that the thickness _the second undercoating | ayer
ranges from10 to 50 nm Preferably, as the nagnetic |ayers 43, 43",
magnetic |layers in which magnetic anisotropy is 15 oriented toward the
i n-plane is used. For such a magnetic |ayer, alloys containing Co as a
mai n conponent, for exanple, Co-Cr-Pt, Co-Cr-Pt-Ta, Co-C- Pt-Ti, Co-Cr-Ta,
Co-Ni -Cr, and the |ike can be used. Fbwever in order to obtain higher
coercive force, it _20 is preferable t t he Co aII .incl diQ Pt
Further, the nagn@ﬁlEhFa§8WpE§ﬁSB§ SrepP Sn &R i 8 LGrERS § @f

| ayers in which ngn- nagne

I
characteristics of 2FH8 ﬁE&n&PP@ter gy%5§%%%§ Eﬁg'ggﬁg @%agﬁgnfhéf t he

coercive force’ megsur 8¢iR¥%¢tion.

The first undercoating layer made of Co-Cr-Zr

5 alloy is deposited so as to have thickness of 25 nm on
the glass substrate and is processed in the oxidation
chamber under the same conditions as those in the
embodiment 1. When the structure of the Co-Cr-Zr alloy
film was examined by using the TEM (transmission

10 electron microscope), shading reflecting minute
clusters corresponding to local oxidation on the
surface of the first undercoating layer was observed
in a TEM image. The diameter of each cluster is a few
nm and the clusters are almost uniformly formed at:

15 pitches of a few nm. The TEM image is schematically
shown in Fig. 4.

When the X-ray diffractions of the magnetic
recording media of the embodiment 1 and the comparison
example 1 were measured, the diffraction patterns

20 shown in Fig. 5 were obtained. When a single first
undercoating layer of Cb-Cr-Zr alloy is formed so as
to have -the thickness of 50 nm on the glass substrate
under the same conditions and the X-réy diffraction -

" was measured, a clear diffraction peak was not seen.

25 In the diffraction pattern of the magnetic recording



- 22 - applying the magnetic field toward the inside of the filmplane is
Set to 1.8 kilo oersted or nore and the product Br.t of a residual magnetic
flux density Br measured by applying the nagnetic field to the inside 5
‘of the filmplane and the filmthickness t ranging from20 to 140 gauss

m cron, preferable recording and reproduci ng characteristics can be
obtained in an area of a recording dgngyty of 1 giga bit per one square
inch. If the coercive force is less than 1.8 kilo 10 oersted, it is not
preferable since an output at the tinme - of high recording density (200 kFCl
or higher) is reduced. FClI (flux reversal per inch) denotes a unit of
recordi ng density. Wen Br.t is larger than 140 gauss m cron, the
reproduction output at the tinme of 15 the high recording density is

b1 epr oduct | oSt FR© e THAF A0 HERINT cbor i aEhel 401 & smal |
Wen the magnet iﬁ:eazlélor% it%é:oglgéﬁ—ué:etr?genpé/dacubic (bce) structure of the |
second undercoating layer overlaps with the CoCrPt
(00.2) peak of the hexagonal close-packed (hcp)

5 structure of the magnetic £ilm and both of them cannot
be iﬁentified. However, in any case, the second
undercoating iayer is not so strongly (100) oriented
as the first magnetic recording medium of the
embodiment 1 and has mixed phases of a plurality of

10 crystal-grains having different orientations.
Consequently, in the Co-Cr-Pt alloy crystal in the
magnetic film, crystals are variably oriented and a
plurality of diffraction peaks are seen in the Co;Cr-
Pt magnetic £ilm.

15 On the other hand, in the magnetic recording
medium of the embodiment 1, since no diffraction peak
is shown in the Co-Cr-2Zr alloy single layer of the
first undercoating layer as mentioned above, the
diffraction peaks in the diagram are the CrTi (200)

20 peak of the becc structure of the second undercoating
layer and the CoCrPt (11.0) peak of the hcp structure
of the Co-Cr-Pt magnetic film. It is understood frpm
the above that the Cr-Ti alloy of the second

" undercoating layer formed on the amorphous structured

25 Co-Cr-2r alloy layer has (100) orientation and the Co-



20, plurality of layers having non-magnetic interlayers, the film
thickness t of the magnetic filmin the calculation of Br.t shows the total
of the thickness of the magnetic |ayers. <Enbodi nent 1> 25 In the
fi'rst enbodi ment, chemically strengthened - 23 - soda-linme glass of 2.5
i nches is used for the substrate 40. The first undercoating |ayers 41, 41
made of an alloy of 60at %Co- 30at %Cr - 10at 4gr _each havi ng the thickness of 25
nm the second undercoating 5 | ayers , made of a 85at %Cr-15at %i al | oy
each having the thickness of 20 nm the nmagnetic filnms 43, 43 mmde of a
75at %Co- 19at %Cr - 6at %t al | oy each having the thickness of 20 nm and
further the carbon protective |ayers 44, 44' each having the thickness of
10 nmare 10 sequentially formed on the faces of the substrate 40,
respectively. Single disc processing type sputtering apparatus ndp250A
manuf act ured by | ifevRE magretig fily @B Bhea§eroRrdr HRAGTrappELBTUSaERY t he

| ayers are N
y has (11.0) orientation by the epixial growth. The

components of the in-plane direction of the c-axis as
an easy ‘axis of magnetization of the Co—Cr—Pt alloy
5 are enlarged and the preferable magnetic
characteristics can be obtained.
When the'magnetic film was observed by using the
TEM, the average grain size of the Co-Cr-Pt alloy of
the embodiment 1 was 10.8 nm which is finer Ehan 16.2
10 nm of that of the comparison example 1. When the
magnetization of the.Co-Cr-Zr alloy single layer was
measured, a clear hysteresis curve was not obtained.
Consequently, it can be considered that the alloy
layer is non-magnetic.
15 <Embodiment 2>
A magnetic recording medium with a £film
construction similar to that of the embodiment 1 was
fabricated. A chemically strengthened aluminosilicate
glass of the 2.5 inch type was used as the substrate .
20 40. The first undercoating léyers made of 62at%Co-
30at%Cr-8at%Ta alloy each having the thickness of 40
nm were formed on the faces of the substrate. The
second undercoating layers made of 80at%Cr-20at%Ti
" alloy each having the thickness of 25 nm, the magnetic

25 films made of 72at%Co-18at%Cr-2at%Ta-8at%Pt alloy each



formed in 10 seconds per tact. Tact denotes a period 15 of time during
Wwhi ch the substrate is sent froma previous chamber to a certain chanber,
processed in the chanber, and sent to a next chanber in the sputtering
appar atus. The chanber construction of the sputtering 20 appar at us
Is as shown in Fig. 2. Argon (Ar) gas pressure at the tinme of depositing
the films is fixed to 6 mlorr. The oxygeq partial pressure in the main
chanber 29 during the |ayer formng operation is about 1X10[err] (Torr). 25
The first undercoating |ayers 41, 41' are - 24 - deposited in the first
under coating |l ayer formng chanber 22 in a state where the substrate 4 is
not heated, heated to 270[err]C by a |lanp heater in the heating chanber 23,

and exposed to an at nrosphere in which a 5 pressure of 99%Ar-1%02 m xed
gas is 5 niforr as flow rat of 10 sc g) for th econd in the
oxi dati on chanbe aying, tie dﬁ‘é'nt"‘} Pd

protective layers each having the thickness of 10 am
were sequentially formed. The same single disc process
type sputtering apparatus as that of the embodiment 1
5 was used as a layer forming apparatus and layers were
formed in 9 seconds per tact. The argon (Ar) gas
pressure at the time of layer formation was fixed to
émTorr. The oxygen partial pressure in the main
chamber during the layer forming operation was about
10 5x10”? (Torr).
The first undercoating layers were deposited_in
the first undercoating layer forming chamber in a
state where the.substrate was not heated, heated to
250°C by a lamp heater in the heating chamber, and._
15 = exposed to an atmosphere in which 98mol%Ar-2mol%O§
mixed gas was used and the gas pressure was 4 mTorr
(gas flow rate of 8 scecm) for three seconds in the
oxidation chamber, and the layers were sequentially
deposited. PO,'t in this instance corresponds to
20 4mTorr X 0.02 X 3 seconds = 2.4x107% (Torr‘sec). After
forming the carbon protective films, the lubricant
films similar to those of the embodiment 1 were
applied.
<Comparison éxample 2>

25 Comparison example 2 relates to a magnetic



on the processed first undercoating |ayers 41, 41' in the second
undercoating | ayer form ng chanber 25, the 10 magnetic | ayer formng
chanber 26, and the protective filmform ng chanbers 27a, 27b, 27c, and
27d. PJerr].t in this case corresponds to 5nfTorr x 0.01 x 3 seconds =
1.5x10[err] (Torr.sec). After formng the carbon protective filns, a
material obtained by diluting a 15 _pgjfluoroal kyl pol ether nmaterial with
a fluorocarbon material is applied as the lubricant filnms 45, 45'.
<Conpari son exanpl e 1> Conparison exanple 1 relates to a magnetic recording -
medi um fabri cated under the sanme conditions 20 as the enbodi nent 1
except that the m xed gas is not introduced into the oxidation chanber 24.
The coercive force of the nagnetic recordi ng medi um of the embodi ment 1 was

2,170 oersted i chd o Ohela e Aok lod e RIS S e Ul aBgL U o
Br.t of the resi %%alth@%%[ 'cﬁ elnlil.X deegcscleﬁ(: I%"hat: the mixed gas was not
in;roduced in the oxidation chamber.
The coercive force of the magnetic recording
5 - medium of the embodiment 2 was 2,640 oersted which is
higher than that of the magnetic recording medium of
the comparisoh example 2 by about 200 ocersted. The
product Br-t of the residual magnetic flux density Br
and the magnetic f£ilm thickness t was 85 gauss micron.
10 v-Isb of the magnetic recording medium of the
embodiment 2 was 0.98x107'% (emu) which was reduced to
54% of 1.81x107'5 (emu) of the magnetic recording
medium of the comparison example 2, so that the medium
noise was reduced to almost the half of that of the
15 comparison example 2. The reproduction outputs in the
evaluated recording density region of the embodiment 2
and the comparison example 2 were almbst the same. The
S/N ratio of the magnetic recording medium was
" improved by an amount corresponding to the reduction
20 in the medium noise. When the magnetic recording media
of the embodiment 2 and the comparison example 2 were
actually inserted into a magnetic disk apparatus and
recording and reproduction characteristics by an MR °
" head were evaluated under that conditions of the track

25 recording density of 210 kBPI and the track density of



and the magnetic filmthickness t of the enbodi nent 1 was 89 gauss m cron.
v.lsb of the magnetic recordi ng medi um of the enbodinent 1 was 1.05x10[err]
(emu) which 5 is reduced to 47% of 2.24X10[err] (ermu) of the magnetic
recordi ng nmedi um of the conparison exanple 1, so that the nedi um noi se was
reduced to alnost the half of that of the conparison exanple 1. The
reproduction outputs in the eval uated- rxcordi ng density region of 10 t he
enbodi mrent 1 and the conparison exanple 1 were al nost the sane. The S/ N
rati o of the nmediumwas inproved by an anmount corresponding to the
reduction of the medi um noise. ‘Wen the magnetic recording nedia of -the 15
enbodi nent 1 and the conparison exanple 1 were actually inserted into a
magneti ¢ di sk apparatus and recordi ng and reproduction characteristics by

an MR head were I d r ndLt.i f raek cordin
“density of 161 k%;? ¥ ?? p:?ggﬁ%%?aéﬁgg ﬂé&gga§n8 ?%@Eu%eﬁglg§gof 9|39kTPI

(track per lnCh)embEBQmEﬁﬁthhﬁsrﬁﬁosan&a@@w wighler! RBTREGITRH thdas an
S/N ratio higher than that of the conparison exanple by 1.8 tines an

sufficiently sat compagicbs appmpdeus Bpedi.Bi ¢dmesn apld buf fdicdabitls per
square inch of the
satisfied the apparatus specification of 2.0 gigabits
5 per square inch of the plane recording density. On the
other hand, the magnetic recording medium of the
comparison example 2 had an insufficient S/N ratio and
could not satisfy the apparatus specification.
<Embodiment 3>
10 A magnetic recording medium with a film
construction similar to that of the embodiment 1 was
 fabricated. A chemically strengthened aluminosilicate
glass of 2.5 inch type was used as the substrate 40.
The first undercoating layers made of 85at%Cr—15at%zr
15 alloy having the thickness of 30 nm were forméd on the
faces of the substrate. The second undercoating layers
made of 80at%Cr-1l5at$Ti-5at%B alloy each having the
thickness of 25 nm, the alloy magnetic film made of
72at$Co~19%at%Cr-lat$Ti-8at%Pt each having the
20 thickness of 22 nm, and the carbon protective layers
each having the thickness of 10 nm were sequentially
formed. The same single disc process type sputtering
abparatus.as that of the embodiment 1 was used as a -
-layer forming apparatus and layers were formed in 8

25 seconds per tact. The argon (Ar) gauss pressure at the



25 pl ane recording density. On the other hand, the nmedi um - 26 - of
the conparison exanple 1 had an insufficient S/INratio and coul d not
satisfy the apparatus specification. The first undercoating |ayer nade of
Co-Cr-2Zr 5 alloy is deposited so as to have thickness of 25 nmon the
gl ass substrate and is processed in the oxidation chanber under the sane
conditions as those in the enbodi nent 1.32Waen the structure of the Co-Cr-Zr
alloy filmwas exam ned by using the TEM (transm ssion 10 el ectron

m croscope), shading reflecting mnute clusters corresponding to |ocal

oxi dation on the surface of the first undercoating | ayer was observed in a
TEM i mage. The di anmeter of each cluster is a few nmand the clusters are
al nrost uniformy formed at 15 pitches of a fewnm The TEMinmage is

soheTat oo L, S"RphToE, oy BERaL 0o GheY LAY o1 L gommanet
oxygen partial pressure in the main chamber during the
layer forming operation was about 3x107° (Tort).
The first undercoating layers were deposited in
5 the first undercoating layer forming chamber in a
state where the substrate was not heated, heated to
240°C by a lamp heatef in the heating chamber, and
exposed to an atmosphere in which 79mol%Ar-21mol%0;
mixed gas was used and the pressure of the mixed gas
10 was 3 mTorr (gas flow rate of 6 sccm) for two seconds
in the oxidation chamber, and the layers are
sequentially deposited. PO;'t in this instance
corresponds to 3mTorr X 0.21 X 2 seconds = 1.3x107%
(Torr-sec). After forming the carbon protéctive films,
15 the lubricant films similar to those of the embodiment
1 were applied.
<Qomparison example 3>
Comparison example 3 relates to a magnetic
recoxrding hedium fabricated under the same conditions
20 as the embodiment 3 except that the mixed gas was not
introduced into the oxidation chamber.
The coercive force of the magnetic recording
medium of the embodiment 3 was 2,680 oersted which is
- higher than that of the magnetic recording medium of

25 the comparison example 3 by about 200 oersted. The



exanple 1 were neasured, the diffraction patterns 20 shown in Fig. 5
wer e obtained. When a single first undercoating | ayer of Co-Cr-Zr alloy is
formed so as to have the thickness of 50 nmon the glass substrate under
the same conditions and the X-ray diffraction was nmeasured, a clear
diffraction peak was not seen. 25 In the diffraction pattern of the
magneti c recordi ng - 27 - medi um of_ the conpari son exanple 1, the CTi
(110) peak of the body-centered cubic (bBcc) structure of the second
undercoating | ayer overlaps with.the CoCrPt (00.2) peak of the hexagonal

cl ose-packed (hcp) 5 structure of the magnetic filmand both of them
cannot be identified. However, in any case, the second undercoating |ayer
is not so strongly (100) oriented as the first nagnetic recording medi um of

t he enmbodi nent 1 and _has n xed Ehases of ,a plurali X i stal
grains having di fPEPERECoPFeht Ati bRS rEBh@Bﬁﬁéﬁ?QQe iq £ %Xcﬁe F¥ BFI oy
crystal in the magnatig.fhbohe£14SE81S BhENKALLAPLY QL' 88" §2,3Rd micron.

v+*Isb of the magnetic recording medium of the
embodiment 3 was 0.89x107%® (emu) which is reduced to
5 60% of 1.44x107*® (emu) of the magnetic recording

medium of the comparison example 3, so that the medium
noise was reduced by almost 40% of that of the
comparison example 3. The reproduction outputs of the
evaluated recording density region of the embodiment 3

10 -and the comparison example 3 were almost the same. The
S/N ratio of the medium was improvéd by an amount
corresponding to the reduction in the medium noise.
When the magnetic recording media of the embodiment 3
and the comparison example 3 were actually inserteq

15 into a magnetic disk apparatus and recording and
reproduction characteristics by an MR head were
evaludated under that conditions of the track recording
density of 225 kBPI and the track density of 9.8 kTPI,
the magnetic recording medium of the embodiment 3 had

20 an S/N ratio higher than that of the comparison
example 3 by 1.4 times and sufficiently satisfied the
apparatus specification of 2.2 gigabits per square
inch of the plane track density. On the other hand,

" the medium of the comparison example 3 had an

25 insufficient S/N ratio and could not satisfy the



pkurality of diffraction peaks are seen in the Co-Cr- Pt magnetic film 15
On the other hand, in the magnetic recordi ng medi um of the enbodinment 1,
since no diffraction peak is shown in the Co-Cr-Zr alloy single |ayer of
the first undercoating | ayer as nentioned above, the diffraction peaks in
the diagramare the CTi (200) 20 peak of the bcc structure of the
second undercoating |ayer and the CoCLPgy4(11.0) peak of the hcp structure
of the Co-Cr-Pt nmagnetic film It is understood fromthe above that the
Cr-Ti alloy of the second undercoating |ayer formed on the anorphous
structured 25 Co-Cr-Zr alloy layer has (100) orientation and the Co-

- 28 - C-Pt magnetic filmon the second undercoating |ayer has-(11.0)
orientation by the epixial growth. The conponents of the in-plane direction

are onl arged and REBT RS EERERYR Char act er i oti o8 can be obt ai ned.
<Embodiment 4>
A magnetic recording medium with a film
construction similar to that of the embodiment 1 was
5 fabricated. Coating layers of 88wt%Ni-12wt%P were
deposited to the thickness of 13 um on both faces of
the substrate made of 96wt%Al-4wt%Mg having the outer
diameter of 95 mm, the inner diameter of 25 mm, and
the thickness of 0.8 mm. The surface of the substrate
10 was polished by a lapping machine so-that the surface
center line average roughness Ra was 2 nm, and is
washed and dried. After that, by pressing an abrasive
tape against the both of disk faces through a.contact
roll under the existence of abrasive grains while
15 rotating the substrate by using a tape polishing
machine (for example, the one described in Japanese
Patent, Application Laid-Open No. 62-262227), a texture
almost in the circumferential direction was formed on
the surface of the substrate. Further, dirt adhered
20 onto the substrate such as polishing agent or the like
was washed away and dried.
On both of the faces of the substrate processed as
mentioned above, the first undercoating layers made of
- 60at%Co-30at%Cr-10at%Ta alloy each having the

25 thickness of 20 nm, the second undercoating layers



When the magnetic filmwas observed by using the TEM the average grain
size of the Co-Cr-Pt alloy of the enbodiment 1 was 10.8 nmwhich is finer
than 16.2 10 nm of that of the conparison exanple 1. \Wen the

magneti zati on of the Co-Cr-Zr alloy single |ayer was neasured, a clear
hysteresis curve was not obtained. Consequently, it can be considered that
the alloy layer is non-magnetic. 15 . 35 <Enbodi nent 2> A nmagnetic
recording mediumwith a filmconstruction simlar to that of the enbodi nent
1 was fabricated. A chemically strengthened alum nosilicate glass of the
2.5 inch type was used as the substrate 20 40. The first undercoating
| ayers made of 62at %Co- 30at %Cr - 8at %da al |l oy each having the thickness of
40 nmwere formed on the faces of the substrate. The second undercoati ng

| yers made of SOE pioakiThcslbonateM BRI e g sas of 26 1
- 29 - thickness of 20 nm, the magnetic film made of 72at%Co-
20at¥Cr-8at%Pt alloy each having the thickness of 20
nm, and the carbon protective layers each having the
5 thickness of 10 nm are sequentially formed,
respectively. The same layer forming apparatus used in
the embodiment 1 was used and the layers were formed
in 9 séconds per tact. The argon (Ar) gas pressure at
the time of layer formation was fixed to SmTorr. The
10 oxygen partial pressure in the main chamber during the
layer forming operation was about 1x107° (Torr).
The first undercoating layers were Aeposited in
the first undercoating layer forming chamber in a
state where the substrate was not heated, then heatgd
15 to 270°C by a lamp heater in the heating chamber, and
exposed to an atmosphere in which the pressure of
mixed'gas of 98%Ar-2%0, was 4 mTorr (gas flow rate of 8
sccm) for three seconds in the oxidation chamber, and
the layers were sequentially deposited. This
20 corresponds to 4mTorr X 0.02 X 3 seconds = 2.4x107*
(Torr-sec) with respect to PO,'t. After forming the
carbon protective films, a lubricant obtained by
diluting a perfluoroalkylpolyether material with a
" fluorocarbon material was applied as lubricant films.

25 . In a layer forming apparatus in which the vacuum



havi ng the thickness of 23 nm and the carbon protective |ayers each having
the thickness of 10 nmwere sequentially formed. The sane single disc
process type sputtering apparatus as that of the enbodinment 1 5 was used
"as a layer form ng apparatus and |ayers were formed in 9 seconds per tact.
The argon (Ar) gas pressure at the tinme of |ayer formation was fixed to
6nmlorr. The oxygen partial pressure insighe main chanber during the |ayer
form ng operation was about 10 5x10[err] (Torr). The first undercoating
| ayers were deposited in the first undercoating |ayer form ng chanber in a
state where the substrate was not heated, heated to 250[err]C by a | anp
heater in the heating chanber, and 15 exposed to an atnosphere in which
98nol Ar - 2nol %92 m xed gas was used and the gas pressure was 4 niforr (gas

| ayer s vier o soquARBFSFI JoRLREeR: L6, Lpby 8P CRel RVRRE PRELSAL PR ieRonas
to 20 Amor r £ Olgg?é §538§%£Q?e %ié%lgﬁgrihyglofﬁrﬁgﬁ '? éEESEPgorn]ng

the carbon protective Frlns, u%rlcant | ms"simlar t se of the
embodi ment 1 wergsagPkhefhe embodiments of the invention, or a layer

forming apparatus in which time required from the

5 formation of the first undercoating layers until the
formation of the second undercoating layers is long
like an apparétus which can form layers simultaneously
on a plurality of substrates, it is not necessary to
provide the oxidation chamber as in the embodiménts,

10 but the fine nucleation by the oxidation can be
derived and effects similar to those of the foregoing
embodiments can be obtained.

<Embodiment 5S>
A magnetic recording medium with a film

15 construction similar to Ehat of the embodiment 1 was
fabricated. A chemically strengthened aluminosilicate
glass.of the 2.5 inch type was used as the substrate.
On the faces of the substrate, the first undercoating
layers made of 60at%Co-30at%Cr-1l0at%Zr alloy each

20 having the thickness of 25 nm, the secohd.undercoating
layers made of 85at%Cr-15at%Ti alloy each having the
thickness of 20 nm, magnetic films made of 75at%Co-
19at%Cr-6at%Pt alloy each having the thickness of 20

- nm, and the carbon protective layers each having the

25 thickness of 10 nm were sequentially formed. An



<Conpari son exanple 2> 25 Conpari son exanple 2 relates to a magnetic
- 30 - recording nediumfabricated under the sane conditions as the

enbodi ment 2 except that the m xed gas was not introduced in the oxidation
chanmber. The coercive force of the magnetic recording 5 medi um of the
enbodi nent 2 was 2,640 oersted which is higher than that of the nagnetic
recordi ng medium of the conpari son exanpdi®e 2 by about 200 oersted. The
product Br.t of the residual nagnetic flux density Br and the nagnetic film
t hi ckness t was 85 gauss micron. 10 v.lsb of the magnetic recording
medi um of the enbodi nent 2 was 0.98x10[err] (enu) which was reduced to 54%
of 1.81x10[err] (enu) of the nmagnetic recordi ng nmedium of the conparison
exanple 2, so that the nmedi um noise was reduced to al nbst the half of that

g_f/alt Bgt ég recg?g})%gb%g%gﬁé;r%&ggif%%my@t P\%R’(rae(r%%g |fr¥len t%g{e?n&dsﬁl%e%%%ﬁpari son
exanple 2 were al gAgk-a11eS¥E sub®rates held by a pallet was used as a
| layer forming apparatus and layers were forméd in 60
seconds per tact. The argon (Ar) gas pressure at the
5 time of layer formation was fixed to émTorr. The
oxygen partial pressure in the respective chambers
during the layer forming operation was about 1x107
(Torr) .
The first undercoating layers were deposited in
10 the first undercoating layer forming chamber in a
state where the substrate was not heated, then heated
to 270°C by a lamp heater in the heating chamber, and
the layers were sequentially formed. This corresponds
to about 2x10™% (Torr-sec) with respect to PO;-t. After
15 forming the carbon protective films, a material
obtained by diluting a perfluorocalkylpolyether
material with a fluorocarbon material was applied as
lubricant films. |
The evaluation results of the foregoing
20 embodiments and comparisonlexamples are as shown in

Table 2.



S'Nratio of the nagnetic recording nedi umwas inproved by an anount
corresponding to the reduction 20 I n the medium noi se. Wen the
magneti c recordi ng nmedi a of the enbodi nent 2 and the conpari son exanple 2
were actually inserted into a nmagnetic di sk apparatus and recordi hg and
reproduction characteristics by an MR head were eval uated under that
conditions of the track 25 recordi ng density of 210 kBPI and the track
density of - 31 - 9.6 kTPI. The nmagnetic recordi ng nmedi um of the

enbodi nent 2 has an S/N ratio higher than that of the conparison exanple 2
by 1.3 times and sufficiently satisfigg the apparatus specification of 2.0
gigabits 5 per square inch of the plane recording density. On the other
hand, the magnetic recordi ng nedium of the conparison exanple 2 had an
insufficient SINratio and could not satisfy the apparatus specification.
<Enmbodi nent 3> 10 A magnetic recording nediumwith a film
construction simlar to that of the enbodi nent 1 was

[Table 2]
First .
undii;z:fing (Tgﬁﬁ{:;c) (xlgiSSZQuj (gg) (gfﬁ;)
o | e oo loatszr | 1-5 X 107 1.05 2170 | se.e |
5 :
example 1 | 30atece-10atezr | 3-2 X 107 2.2¢ 1850 | 87.0
i el R T R e
oampie 3. | 30attca-gatera | 2-3 X 107 181 2430 | 84.3
g.‘mbodiment 85at$Cr-15at%Zr 1.3 x 10 0.89 2680 69.3
10 Z}ocgﬁgiisgn 85at%Cr-15at%Zr 2.2 x 107 1.44 -2460 66.5 |
et | e sgaeaze | 2:0%30% | 132 | 2090 | 76 |
When the-magnetic films were directly formed,
15 without the second undercoating layers, on the first
undercogting laye;s made of a Co alloy having an
amérphous structure or a fine crystal structure which
is like the amorphous structure which was exposed to
the oxidizing atmosphere, the magnetic f£ilms show a
20 strong orientation (00.l1). The orientation is such

that the c-axis of the Co alloy crystal of the
magnetic film is oriented to the vertical direction
for the film plane. Although the medium cannot be used
as an in-plane magnetic recording medium but is

25 suitable to a vertical magnetic recording medium for



fabricated. A chemcally strengthened aluninosilicate glass of 2.5 inch
type was used as the substrate 40. The first undercoating | ayers nade of
85at %Cr - 15at %Zr 15 al l oy having the thickness of 30 nmwere fornmed on
the faces of the substrate. The second undercoating | ayers made of

80at %Cr - 15at % - 5at %8 al | oy each having the thickness of 25 nm the all oy
magnetic filmmade of 72at %Co- 19at %Cr- | %I - 8at %Pt each having the 20

t hi ckness of 22 nm and the carbon protective |ayers each having the

t hi ckness of 10 nmwere sequentially formed. The same single disc process
type sputtering apparatus as that of the enbodinment 1 was used as a | ayer
form ng apparatus and | ayers were fornmed in 8 25 seconds per- tact. The
argon (Ar) gauss pressure at .the -32- time of layer formation was fixed

o on o oper ot ¥ SABRaSER. e, BogRatiSebdeh TaTRh ISR Lolrt
wer e deposited i%oé thet@glkiﬁignquercoating | ayer form ng chanber in a
Fig. 6 is a schematic plan view of a magnetic disk
apparatus according to an embodiment of the invention
5 and a schematic cross section taken on line A-A’. The
magnetic disk apparatus comprises: a disc drive
mechanism 65 for driving a magnetic recording medium
64 in a recording direction; a magnetic head 61 which
is provided so as to correspond to the faces of the

10 magnetic reccrding‘medium 64 and consists of a
recording part and a reproducing part; a magnetic head
drive mechanism 62 for positioning the magnetic head
61 to a desired position; and a read and write signal
processof 63 for inputting signals to the magnetic:

15 head and reproducing reproduction signals from the
magnetic head. 'By constructing the reproducing part of
the magnetic head by a MR head, sufficient signal
intensity in the high recording density can be
obtained, so that a very reliable magnetic disk

20 apparatus having a recording density of 1 gigabit 6r
higher per square inch can be realized.

When the magnetic recording medium of the
invention is used in the magnetic disk apparatus, an-
. interval between two shielding layvers sandwitching the

25 magnetic resistive sensor part of the MR head is



state where the substrate was not heated, heated to 240[err]C by a lanp
heater in the heating chanber, and exposed to an atnosphere in which
79mol Ar-21nmol %) err] m xed gas was used and the pressure of the m xed gas

10 ° was 3 niforr (gas flowrate of 6 sccm for two seconds in the

oxi dation chanber, and the | ayers are sequentially deposited. PJerr].t in
this instance corresponds to 3mlorr x 0. X 2 seconds = 1.3X10[err] (Torr
sec). After formng the carbon protective filns, 15 the lubricant filns

simlar to those of the enbodi nent 1 were applied. <Conparison exanple 3>
Conmparison exanple 3 relates to a magnetic recordi ng nmedium fabri cated
under the sane conditions 20 as the enbodi nent 3 except that the m xed
gas was not introduced into the oxi dati on chanber. The coercive force of

t he magnetic recordlg% gﬁg_ t he enbodi nent 3 t380 oersted which
i s higher than th&FSGFT étPF PEbGﬁﬁqﬁyQme Bf § integya

conpari son exanpl%e%w n %% s%1el %H%i ayers 1s wider than 0.35 um,

the resolution deteriorates and the phase jitter of
signals becomes large.

5 Further, the MR head is constructed by a magnetic
resistive sensor including a plurality of conductive
magnetic 1ayefs in which magnetization directions are
relatively changed by an external magnetic field,
thereby causing large resistance change and the

10 conductive non-magnetic layers arranged between the
conductive magnetic layers. By using the giant
magnetic resistive effect or the spin valve effect,
the signal intensity can be further raised.
Consequently, a.very reliable magnetic storage havipg

.15 a recording density of 2 gigabits or more per square
inch can be realized.
The entire disclosure of Japanese Patent
Application No. 8-292451 filed on November 5, 1996
including specification, claims, drawings and summary

20 are incorporated herein by reference in its entirety.



.33 - product Br t of the residual magnetic flux density Br and the
magnetic filmthickness t was 69 gauss mcron. v.|lsb of the nmagnetic
recordi ng nmedi um of the enbodi ment 3 was 0.89x10[err] (emu) which is
reduced to 5 60% of 1.44x10[err] (emu) of the magnetic recordi ng nmedi um
of the c: ' -~ so that the medi um noi se was reduced by al nost
40% of th on exanpl e-341The reproduction outputs of the
eval uat ed aﬂmumm ﬂ@ I'E regi on of the enbodi ment 3 10 and the
conpari so L e~ al:nost the same. The S/Nratio of the nedi um was

i nproved by an anmount corresponding to the reduction in the nmedi um noi se.
When the magnetic recording nedia of the enbodi nent 3 and the conpari son

exanple 3 were actually i nserted 15 into a magnetic di sk apparatus and
recording and repgogy gfﬁﬁ@cigrlstlcs by an MR head were eval uat ed
under that condltlons o e track recording density of 225 kBPlI and the

track density of 9.8 ETPIA h¥ndR I £ Lok PERE Thé 0a NBAIREE DE F88oLADRGT MENt
3 had 20 an S/Nratio higher than that of the conparison exanple 3 by

1.4 tinmes and sufhédsiamt tomsaisbid eehé hetepyasdt us specification of 2.2
gi gabits per square

forming first undercoating layers on surfaces of a

5 substrate;

exposing the first undercoating layers to an
atmosphere iﬁcluding oxygen.for a period of timg
during which PO>*t (PO, is oxygen partial pressure in
the atmosphere and t is exposing time to the

10 atmosphere) ranges from 1x107¢ (Torr-éec) to 1x1072
(Torxr-sec);

forming second undercoating layers on the first
undercoating layers exposed to the atmosphere,
respectively; and

15 forming magnetic films on the second undercoating
layers, respectively.

2. The method according to claim 1, wherein the
first undercoating layers are made of an alloy, and
the alloy includes at least two kinds of elements in

20 which a difference of oxide formation standard free
energies AG® of the elements is 150 (kJ/molO;) or more
(when more than two kinds of oxides exist, AG® is the
lowest value) at the temperature of 250°C.

3. The method according to claim 1, wherein the

25 first undercoating layers are formed directly on the



Fnch of the plane track density. On the other hand, the nediur'nﬂst C
corrparl son exarrpl e 3 had an 25 insufficient SINratio and ¢ould Sl?ﬁ T HAS BEEN

<Enbodi nent 4>LA "DﬂnﬂprED _
recordl ne fI|ﬂ1C0nStFUCtI0n S|n1Iar to that of the enbodi nent
1 was E“!“ “\Coati ng | ayers of 88wt %N - 12wt %° were deposited to
t he th spmron both faces of fye substrate nade of

96m¢%ﬁ|-4m¢%®b having the outer dianeter of 95 mm the inner dianeter of 25
mm and the thickness of 0.8 mm The surface of the substrate 10 was
pol i shed by a | apping nmachine so that the surface center |ine average
‘roughness Ra was 2 nm and is washed and dried. After that, by pressing an
‘abrasive tape against the both of disk faces through a contact roll under

t he exi stence of ab aS|ve gralns while 15 rotating the substrate by
using a tape poli §H R&Ehi ne (for exanple, the one described in Japanese

4. The method according to claim 1, wherein the
first undercoating layers are formed on substrate
surface undercoating layers formed on the surface of

5 the substrate, respectively.
5. A magnetic recording medium comprising:
a substréte;
~a first undercoating layer formed on the
substrate;
10 a second undercoating layer directly formed on the
first undercoating layer; and

a magnetic film formed on the second undercoating
layer,

wherein clusters having a large amount of oxygen

15 are dispersed on a boundary face of the first and
second undercoating layers.

6. A magnetic recording medium comprising:

a substrate;

a first undercoating layer made of an amorphous

20 alloy formed on the substrate;

a second undercoating layer directly formed on the
first undercoating layer; and

a magnetic film'formed on the second undercoating

© layer,

25 wherein clusters having a large amount of oxygen
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*Ratent Application Laid-Open No. 62-262227), a texture aln HﬂlS|$HEE’ieHAS BEEN
circunferential direction was formed on the surface of theg subsRepfgoEp
Further, dirt adhered 20 onto the substrate such as pol TShing—ageri—ok
the Ilke was masnea away and dried. On both of the faces of the substrate
processed ve, the first undercoating |ayers made of

60at %Co- Iﬂm;slﬂ | oy each havigy t he 25 thi ckness of 20 nm the
second under coaty ng | ayers - - made of 85at%Cr-20at%li all oy each
havi ng the thickness of 20 nm the magnetic filmnmade of 72at %Co-
20at %Cr - 8at %t al | oy each having the thickness of 20 nm and the carbon

protective | ayers each having the 5 t hi ckness of 10 nm are sequentially

formed, respectively. The sanme |ayer form ng apparatus used in t he

enbodi nent 1 was use .and thﬁ Iayer wer.e _f orared | % tact. The
argon (Ar) gas p?§§s %gpggs e °th ffe 8?“@&%&fﬁ%5%n%. qC)SnWorr

The 10 oxygensgéghhehna eggg&enbnlgggrgaln chanber durlng the

7. The medium according to claim 5 or 6, wherein
the substrate is a glass substrate.
5 8. The medium according to claim 5 or 6, wherein
the substrate is a substrate made of an aluminum alloy.
9. The medium according to claim 5 or 6, wherein
the first undercoating layer is directly formed on the
substrate.

10 10. The medium according to claim 5 or 6, wherein
the first undercoating layer is formed on a substrate
surface uﬁdercoating layer formed on the surface of
the substrate.

11. A magnetic storage comprising:
15 a magnetic recording medium having
a substrate,
a:first undercoating layer formed.on the substrate,
a second undercoating layer directly formed on the
first undercoating layer, and

20 a magnetic film formed on the second undercoating

layer,
in which clusters having a large amount of oxygen
are dispersed on a boundary face of the first and
" second undercoating layers;

25 a magnetic head consisting of a recording part and
—'__’________________
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tayer forning operation was about 4x10[err] (Torr). The fi r S THIS BHERTOAS BEEN |
Iayers were deposited in the first undercoating |ayer fornijng chaﬁpgncgg1 a

state where—thesubstrate was not heated, then heated 15 TU 270ferrtE-by-
a | anp he g chanber, and exposed to an atnosphere in which
the press ﬂ |ﬂﬁ‘ g!ﬁ“l f 98%&r-2%@2 was 4 niforr (gas flow rate of 8
sccm for econ I t.he oxidatiop,chamber, and the |ayers were
sequential ly dep05|ted. This 20 corresponds to 4niforr x 0.02 x 3 seconds
= 2.4X10ferr] (Torr sec) with respect to PJerr].t. After formng the

carbon protective filnms, a l|ubricant obtained by diluting a
per fl uoroal kyl pol yet her material with a fluorocarbon material was applied

as lubricant filns. 25 In a layer forming apparatus in which the
vacuum - 36 - degree achjeved is | qw and, the ox arti al essure is
| arge as conpar ecPvﬁ?H’F‘?‘ﬂéC:l-%H/é’a?‘b'r e p’p%r%’t'?&i/%?gag ’ﬁr?ﬁBc’g?[’be i iBnt s

?Lethe | nvention, 'faces ogyghefégégéghgpggégé fn§ngglﬁﬂ;t'nE required from

a drive unit for changing relative positions of
the magnetic recording medium and the magnetic head;
5 a magnetic head drive unit for positioning the
magnetic head to a desired position; and
a read and write signal processor for inputting”
signals to the magnetic head and reproducing output
signals from the magnetic head.
10 12. A magnetic storage comprising:
a magnetic recording medium having
a substrate,
a fifst undercoating layer made of an amorphous
alloy formed on the substraté,
15 - a second undercoating layer directly formed on the
first undercoating layer, and
a'magnetic film formed on the second undercoating
layer,
in which clusters having a large amount of oxygen
20 are dispersed on a boundary face of the first and
second undercoating layers;
a magnetic head consisting of a recording part and
a reproducing part, which is provided corresponding to
. faces of the magnetic recording medium;

25 a drive unit for changing relative positions of

Thls Sheet Has Been Replaced

T




5. formation of the first undercoating layers until the fpg Td,
second undercoating layers is long |ike an apparatus which jc %
simul taneously on a plurality of substrates, it is not necdssary’ i de

BEEN |

t hre oxida%+6ﬁ—chaﬁﬁ§T‘§§_Tﬁ1the enbodi nents, 10 ~ but the fine nucleation

by the oxi anLrved and effects simlar to those of the
foregoing\ H&“Na ‘ g_ e obt ai ned. -<fgbodi nent 5> A magnetic recording
of 11em

medi um wi t 85 s Tonstruction simlar to that of the enbodi ment 1
was fabricated. A chemically strengthened alum nosilicate glass of the 2.5
i nch type was used as the substrate. On the faces of the substrate, the
first undercoating | ayers nade of 60at %Co- 30at %Cr - 10at %Zr al | oy each 20
havi ng the thickness of 25 nm the second under coating | ayers nade of

85at %Cr - 15at % al h .h t hi ck f fi
made of 754t oo TR AECHER A SRR R RA - M IREese dfe
and the carbon protect] ye Layess r?é’&&‘ 2 0%:h0e 25 poéi‘t%ﬂfﬁé eﬂelo o

ver e sequentially for
magnetic head to a desired position; and

a read and write signal processor for inputting
5 signals to the magnetic head and reproducing output
signals from the magnetic head.

13. The storage according to claim 11 or 12,
wherein the substrate of the magnetic recording medium
is a glass substrate.

10 .14. The storage according to claim 11 or 12,
wherein the first undercoating layer of the magnetic
recording medium is directly formed on the substrate.

15. The storage according to claim 11 or 12,
wherein the first undercoating layer of the'magnetic

15 recording medium is formed on a substrate face
undercoating layer formed on the surface of the

substtrate.
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" 37 - apparatus for forming layers sinultaneously on a pl lirpiid GUEPT HAS BEEN
Substrates held by a pallet was used as a |layer form ng ap aratqﬂﬁﬂQ@ED
Jayers were forned in 60 seconds per tact. The argon (Ar) ' ;
the 5 time of layer formation was fixed to 6mlorr. The oxygen partia
pressure in the respective chanbers during the |ayer form ng operati on was
about 1x10[err] (Torr). The first underggating | ayers were deposited in 10
the first undercoating |ayer form ng chanber in a state where the substrate
was not heated, then heated to 270[err]C by a | anp heater in the heating
chanber, and the |ayers were sequentially forned. This corresponds to about
2x10[err] (Torr.sec) with respect to P(Qerr].t. After 15 formng the
carbon protective filns, a material obtained by diluting a
per f 1 uor oal kyl pol ye r rial orocarbon material was applied
as lubricant fil ééﬁcm&%r #é‘g&%‘i@of t he foregoing 20
enbodi nents and conparison exanples_are as_shown in Tgblg %. ) ]
Magnetic recording medium, method o abricating

magneti¢ recording medium, and magnetic storage

A magnetic recording medium having first
undercoating layers 40, 40’ formed directly or wvia
substrate face undercoating layers on a substrate 40,

5 second undercoating layers 42, 42’ directly formed on

the first undercoating layers 40, 40', magnetic films
43, 43’ formed on the second undercoating layers 42,
42', and protective films 44, 44’ formed on the
magnetic films 43,.43'. Clusters having a large amount

10 of oxygen are dispersed on the boundary face of the
first and second undercoating layers. Pfeferably,'the
first undercoating layer is made of an alloy which
includes two kinds of elements in which the difference
between oxide formation standard free energies AG°® of

15 the elements at the temperature of 250°C is large.
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» 38 - [Table 2] First PCR2. t vl . sb He

under coat i ng

Br.t

(Torr.sec) (x10[err} emu) (Ce) (G Jerr]lm |ayer

Enbodi ment  60at %Co- 1 30at %Cr-10at%r- 1.5 x 10[err] 1.05
2170 88. 8 Conparison 60at %Co- 3.2 x 10[err] 2. 24 1850
87.0 exanple 1 30at %Cr - 10at %Zr Enbodi nent  62at %Co- 2

30at %Cr - 8at % a 2.4 x 10[err] 0.98/7. 2640 85. 3 Conpari son

62at %C0- 2.3 x 10[err] 1.81 2430 84. 3 Enbodi nment

85at %Cr - 15at %Zr 1.3 x 10[err] 0. 89 2680 69.3 3 10

Conpari son 85at %Cr - 15at %Zr 2.2 x 10[err] 1.44 2460 66.5
exanple 3 ' 2.2 x 10[err] 1.44 2460 66.5

Enbodi rent  60at %Co- 2.4 x 10[err] 4 30at Cr - 10at %a

2.4 x 10[err] 0. 87 2890 78. 3 Enbodi nent 60at %Co-

2.0 x 10[err] 1.12 2090 87.6 Wen the magnetic filnms were

directly forned,
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15 W thout the second undercoating layers, on the first undercoating

| ayers made of a Co alloy having an anorphous structure or a fine crystal
structure which is |like the anorphous structure which was exposed to the
oxi di zi ng at nosphere, the nmagnetic filnms show a 20 strong orientation
(00.1). The orientation is such that the c-axis of the Co alloy crystal of
the magnetic filmis oriented to the ver2fzcal direction for the film plane.
Al t hough the nmedi um cannot be used as an in-plane magnetic recordi ng nmedi um
but is 25 suitable to a vertical nagnetic recording medium for - 39 -
recordi ng the magnetization in the vertical direction for the film plane.
Fig. 6 is a schematic plan view of a magnetic di sk apparatus according to
an enbodi nrent of the invention 5 and a schematic cross section taken on
line A-A'". The magnetic di sk apparatus conprises: a disc drive nechanism
65 for driving a magnetic recording nedium64 in a recording direction; a
magneti c head 61 which

FIG. 2
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iss provided so as to correspond to the faces of the 10 magneti c
recordi ng nedium 64 and consists of a recording part and a reproduci ng
part; a magnetic head drive nechanism 62 for positioning the magnetic head
61 to a desired position; and a read and wite signal processor 63 for
inputting signals to the magnetic 15 head and reproduci ng reproduction
signals fromthe magnetic head. By constggcting the reproducing part of the
magneti ¢ head by a MR head, sufficient signal intensity in the high
recording density can be obtained, so that a very reliable magnetic di sk 20
apparatus having a recording density of 1 gigabit or higher per square inch
can be realized. Wien the magnetic recording nmediumof the invention is
used in the magnetic di sk apparatus, an interval between two shiel ding

| ayers sandwi tching the 25 magnetic resistive sensor part of the MR head
IS - 40 - preferably 0.35 [err]mor narrower. \Wen the interval between
the shielding |ayers is wider than 0.35 [err]m

THE PRODUCT OF ACTIVATION
VOLUME BY MAGNETIC MOMENT
v - Isb (x10"15emu)

05 L ! 1 L
0 0.2 04 0.6 0.8 1

THE PRODUCT OF OXYGEN PARTIAL
PRESSURE BY EXPOSURE TIME
' (PO2 - t) (mTorr - sec)



athe resolution deteriorates and the phase jitter of signals becones |arge.
5 . " “Further, the MR head is constructed by a nagnetic resistive sensor
including a plurality of conductive nmagnetic |layers in which magneti zation
-directions are relatively changed by an external nagnetic field, thereby
causing |l arge resistance change and the 10 conductive non-magnetic

| ayers arranged between the conductiveyqagnetic | ayers. By using the giant
magnetic resistive effect or the spin valve effect, the signal intensity
can be further raised. Consequently, a very reliable nmagnetic storage
havi ng 15 a recording density of 2 gigabits or nore per square inch can
be realized. The entire disclosure of Japanese Patent Application No.
8-292451 filed on Novenmber 5, 1996 including specification, clains,

drawi ngs and summary 20 are incorporated herein by reference inits
entirety. WHAT IS CLAIMED IS: 1. A method of fabricating a magnetic
recordi ng ' :
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redi um conprising the steps of: formng first undercoating | ayers on
surfaces of a 5 substrate; exposing the first undercoating |layers to an
at nrosphere includi ng oxygen for a peri.od of tinme during which PJerr].t
(P err] is oxygen partial pressure in the atnosphere and t is exposing
time to the 10 at nosphere) ranges from 1x10[err] (Torr.sec) to 1x10[err]
(Torr.sec); form ng second undercoating &/@yers on the first undercoating

| ayers exposed to the atnosphere, respectively; and 15 form-ng
magnetic filnms on the second undercoating | ayers, respectively. 2. The
met hod according to claim1, wherein the first undercoating |ayers are nade
of an alloy, and the-alloy includes at |least two kinds of elenents in 20
which a difference of oxide formation standard free energies [err]{Jerr] of
the elenments is 150 (kJ/nmplO[err]) or nore (when nore than two kinds of"
oxi des exist, [err]Jerr] is the |lowest value) at the tenperature of
250[err]C. 3. The nethod according to claim1, wherein the 25 first
undercoating layers are forned directly on the

FIG. 5
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42 substrate. 4. The met hod according to claim1, wherein the first
undercoating | ayers are fornmed on substrate surface undercoating |ayers
formed an the surface of substrate, respectively. 5. A magnetic recording
mmedi um conprising: a substrate; a first undercoating |ayer made of an all oy
consisting of two or nore kinds of elenents which oxidize differently
formed on the substrate; a second underaﬂating | ayer directly forned on the
first undercoating |ayer; and a nagnetic filmformed on the second
undercoating | ayer, wherein clusters made of areas rich in the elenents
which is easily oxidized are locally oxidized are di spersed on a boundary
face of the first and second undercoating |ayers. 6. A magnetic recording
medi um conpri si ng:

FIG. 6a

FIG. 6b
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a substrate; a first undercoating | ayer nade of an anorphous all oy
consisting of two or nmore kinds of elenments which oxidize differently
formed on the substrate; a second undercoating |ayer directly fornmed on the
*irst undercoating layer; and a magnetic filmfornmed on the second
undercoating | ayer, wherein clusters made of areas rich in the elenents
which is easily oxidized are locally oxtgi zed are di spersed on a boundary
face of the first and second undercoating |layers. 7. The nedi um accordi ng
to claim5, wherein the 43 8. The medi um according to claimb5, wherein
the substrate is a substrate nade of an alum numalloy. 9. The medi um
according to claim5, wherein the first undercoating layer is directly
formed on the substrate. 10. The medium according to claimb5, wherein the
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first undercoating |layer is formed on a substrate surface underﬁgg‘%(?qo 5
| ayer. fornmed on the surface of the substrate. 11. A nagnetic storag@fﬁ:ﬁ?
conprising: a nmagnetic recording medi um having a substrate, a first
under coating | ayer nmade of an alloy consi st Bubstitutewshest - BoFebruaiysl 398
el ement's which oxidize differently formed on the substrate; a second
undercoating layer directly fornmed on,the first undercoating |layer; and a
magnetic filmformed on the second tind rcoating |layer, in which clusters
made of areas rich in the elements which is easily oxidized are locally
oxi di zed are dispersed on a boundary face of the first and second
undercoating | ayers; a magnetic head consisting of a recording part and a
reproduci ng part, which is provided corresponding to faces of the nagnetic
recording medium a drive unit for changing relative positions of the
magneti ¢ recor ABSTRACT udF JFHE t PESGROPEREC head; a magnetic head drive unit
for positioning the ) )

Magnetic recording medium, method of fabricating

magnetic recording medium, and magnetic storage

A magnetic recording medium having first
undercoating layers 40, 40’ formed directly or via
substrate face undercoatiﬁg layers on a substrate 40,

5 second undercoating layers 42, 42’ directly formed on

. the first undercoating layers 40, 40‘, magnetic films
43, 43’ formed on the second undercoating layers 42,
42', and protective films 44, 44’ formed on the
magnetic films 43, 43°’. .Clusters having a large amount

10 of oxygen are dispersed on the boundary face of the
first and second undercoating layers. Preferably, the
first undercoating layer is made of an alloy which
includes two kinds of elements in which the difference
between o#ide formation standard free energies.AG° of

15' the elements at the temperature of 250°C is large.

(Figure 1)
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magnetl ed position; and a read and wite si gnalngag&igr's-
for BI mmﬁ the magneti ¢ head and reprodum ng out put s?m
frontt A magnetic storage conprising: a magneti'c

recordi ng medl um havi ng a substrate atZ i r sSubstitete shbeng 13avRrch@b® pf an
anor phous al l oy consisting of two or nore kinds of elenents whrch oxidize
differently ﬁgﬁﬁﬁf the substrate; a second undercoating |layer directly
formed on the first undercoating Iayer and a magnetic filntforned on the

second under goat i Mhd Mehod BMY KAy Lb%%lsalrﬁﬁqe Qh cyéﬁh in the
el enents which is easily oxidized ar€ |ocally oxi'dize are I spersed on a

boundar ¥ if8te Wdancoating lavens agivd ﬁﬂﬁ@ﬂbm iswpstaypdies ;surfimamet i ¢ head
consi st iufdiecod tiSP UV PHIrmldf b HHY WHEILE R teu¥¥ 4t d s provided

corresponding to
- respectively.

5. A magnetic recording medium comprlslng.

a substrate;

a first undercoating layer made of an alloy
consisting of two or more kinds of elements which oxidize
differently formed on the substrate;

a second undercoating layer directly formed on the
first undercoating layer; and

a magnetic film formed on the second undercoating
layer,

wherein clusters made of areas rich in the elements
which is easily oxidized are locally oxidized are |

"dispersed on a boundary face of the first and second

undercoating layers.

6. A magnetic recording medium comprising:

a substrate; |

a first undercoating layer made of an amorphous
alloy consisting of two or more kinds of elements which
oxidize differently formed on the substrate;

a second undercoating layer directly formed on the
first undercoating layer; and

a magnetic film formed on the second. undercoating
layer,

wherein clusters made of areas rich in the elements
which is easily exidized are locally oxidized are
dispersed on a boundary face of the first and second
undercoating layers. | '

7. The medium according to claim 5, wherein the

REPLACEMENT SHEET
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faces of—the—nmgnetic recording medium a drive unit for changing relative

posi tion the magnetic recording nediumand the magnetic head; a
magnet i ,ilf m"ﬁ"‘& rﬂl for positioning the magnetic head to a desi r ed
posi ti o wite signal gBoceSubpstitate singett+ 183dMaradn2001t o

t he nagnetlc heaJ and feproduci ng out put sigfAalrs Trom the magnetic Nead.
13. The storage according to claim 11, wherein the substrate of the
magneti ¢ recoPdi ngThedmgdinl acgradingulsst Fapém 24. whemeist shege according

to clai Wb&ﬂ,stwg%eagosheufogﬁstgnﬂsagoak' ag Eiﬁﬁﬁnﬁfn aﬁiogggnet i ¢ recording

mediumis directly on the substrate. . The storage according to
claim1l or 12, wherein the first undercoatlng | ayer of the magnetic

recordi ng medum pydSnuRdeRCaRLLRAshAYER bRadsenahages tage of the

substrate. 167 The nedi um according t wher e
first undercoating layer is directly formed on the

substrate.

10. The medium according to claim 5, wherein the
first undercoating layer is formed on a substrate surface
undercoating layer formed on the surface of the

substrate.

"11. A magnetic storage comprising:

a magnetic recording medium having

a substrate,

a first undercoating layer made of an alloy
consisting of two or more kinds of elements which oxidize
differently formed on the substrate;

a second undercoating layer directly formed on the
first undercoating layer; and _

a magnetic film formed on the second undercoating
layer,

in which clusters made of areas rich in the elements
which is easily oxidized are locally oxidized are
dispersed on a boundary face of the first and second
undercoating layers;

a magnetic head consisting of a recording part and a
reproducing part, which is provided corresponding to
faces of the magnetic recording medium;

a drive unit  for changing relative positions of the
magnetic recording medium and the magnetic head;

a magnetic head drive unit for positioning the
magnetic head to a desired position; and a read and write
signal procéssor for inputting signals to the magnetic

head and reproducing output signals from the magnetic
head.
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subst r at|eagi trate. 17. The nedi um according to cl aim 6,
wher-ei n mlllllslmglmjlllﬂmra substrate nmade of an alum num alloy. 18. The
‘medi um actordi hg fo tlaim6, wherein the first undercoating layer is
directly formed on the substrate. 19. 4¢he nBdbstituie sbedt rd 3 Marchi20®]
Wherein the fyFst gngentoaid NG AR demdPidmeyon a substrate surface
undercoating layer fornmed on the surface of the substrate. 20. The storage
-accordi ng to &ingghetic freerdinhdnedibat thaelng t he magnetic recording
mediumis a %1 ate. 21. The storage according to claim 12, wherein
the first undercoating ‘ayer of the magnetic recording nediumis directly
;prmad on t he slirat aindergoating skaverndrade R Hiay aPPROWS 12, wherein the
irst u r ele é@ﬁg | r o | hs; diormed on a
substra{l’gL oyg:‘;dur{r%l'egr coa iér)lfg %i@e&%ﬁ&rﬁa?%ﬁhﬁf% aceﬁ%}m? cfé}?substrate.
oxidize differently formed on the substrate;

a second undercoating layer directly formed on the

first undercoating layer; and

a magnetic film formed on the second undercoating

layer,

in which clusters made of areas rich in the elements
which is eaSily oxidized are locally oxidized are
dispersed on a boundary face of the first and second
undercoating layers; |

a magnetic head consisting of a recording part and a
reproducing part, which is provided corresponding to
faces of the magnetic recording medium;

a drive unit for changing relative positions of the
magnetic recording medium and the magnetic head;
a magnetic head drive unit for positioning the magnetic
head to a desired position; and
a read and write signal processor for inputting signals
to the magnetic head and reproducing output signals from

the magnetic head.

13. The storage according to claim 11, wherein the
substrate of the magnetic recording medium is a glass

substrate.

14. The storage according to claim 11, wherein the
first undercoating layer of the magnetic recording medium

is directly formed on the substrate.

15. The storage according to claim 11 or 12, wherein the

first undercoating layer of the magnetic recording medium

is formed on a substrate face REPLACEMENT SHEET

13 MAR 2001
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undercoating layer formed on the surface of the

substrate.

16. The medium according to claim 6, wherein the

substrate is a glass substrate.

17. The medium according to claim 6, wherein the

substrate is a substrate made of an aluminum alloy.

18. The medium according to claim 6, wherein the
first undercoating layer is directly formed on the

substrate.

19. The medium according tq claim 6; wherein the
first undercoating layer is formed on a substrate surface
undercoating layer formed on the surface of the

substrate.

20. The storage according to claim 12, wherein the
substrate of the magnetic recording medium is a glass

substrate.

_ 21. The storage according to claim 12, wherein the
first undercoating layer of the magnetic recording medium

is directly formed on the substrate.

22. The storage according to claim 12, wherein the
first undercoating layer of the magnetic recording medium
is formed on a substrate face undercoating layer formed

on the surface of the substrate.
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