SCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND | TS MANUFACTURI NG METHOD, AND
ETI C STORAGE DEVI CE TECHNI CAL FI ELD The present invention relates to a

‘magnetic rec ' medium a method for producing the sanme, and a magnetic
&t or age app%ﬂ“ﬂ@l"'@’“ﬁﬁﬂrt icular, the present invention relates to a
magnetic rec m of the type in which a head nakes contact
thérewi th tenporawisbry or steadily,DﬁgﬁRI§§I hn the case of a hard disk or a
fl oppy disk. The present invention al'so rePates to a method for producing
the magnetic recording nedium and a magnetic storage apparatus.
BACKGROUND ART I n response to the devel opnent of the advanced information
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apparatus. A nagnetic storage apparatgﬁ i's known as one of information-
recordi ng apparatuses to respond to th Reed as described above. The

magnetic storage apparatus ig,uxed as Bokak#Cphyvice

TECHNICAL FIELD

The present invention relates to a magnetic recording
medium, a method for producing the same, and a magnetic
storage apparatus. 1In particular, the present invention
relates to a magnetic recording medium of the type in which a
head makes contact therewith temporarily or steadily, such as
in the case of a hard disk or a floppy disk. The present
invention also relates to a method for producing the magnetic

recording medium, and a magnetic storage apparatus.
BACKGROUND ART

In response to the development of the advanced
information society in recent years, there is a steady
increase in need for the realization of high capacity and
high density of the information-recording apparatus. A
magnetic storage apparatus is known as one of information-
recording apparatuses to respond to the need as described

above. The magnetic storage apparatus is used as a large
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n capacity storage unit, for exanple, for |arge servers,
all el -connected type conputers, personal conputers, network servers,
novi e servers, and nobile PC s. The nmgnetic storage apparatus conprises a
sagneti c recording nediumon which information is recorded, and a magnetic
head which is used to record and reproduce information on the nagnetic
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or the like which is formed as a recording layer on a disk-
shaped substrate, for example, by means of the sputtering
method. A protective film and a lubricant film are formed on
the recording layer in order to enhance the resistance to
sliding movement and the corrosion resistance.

In association with the realization of the high capacity
of the magnetic storage apparatus, the improvement in
recording density of the magnetic recording medium is
advanced on the basis of the recording of fine and minute
recording magnetic domains in the recording layer of the
magnetic recording medium. The perpendicular magnetic
recording system attracts attention as a method for finely
recording the recording magnetic domains. In the
perpendicular magnetic recording system, the magnetic
recording is performed by forming magnetic domains having
perpendicular magnetization in the recording layer by using

the magnetic recording medium having the recording layer

which exhibits perpendicular magnetization. In the



*Qich exhi bi ts perpendi cul ar magneti zation. In the 2 30 -4 perpendicul ar
gnetic recording system as descri bed above, the m nute magnetic donai ns
can be forned in the recording |ayer. Therefore, it is possible to
#ncrease the recording density of the magnetic recording nedium A

pol ycrystal film based on the Co-Cr system has been hitherto used as a
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perpendicular magnetic recording system as described above.

The polycrystal film has a structure in which a Co-rich area

having ferromagnetism and a non-magnetic Cr-rich area are

separated from each other. The magnetic interaction, which

may be exerted between the adjacent ferromagnetic areas, is

blocked by the non-magnetic area. Accordingly, the high

density and the low noise are realized.

In order to efficiently apply the magnetic field from

the magnetic head to the recording layer in the perpendicular

magnetic recording system, a magnetic recording medium

provided with two layers of magnetic films has been

suggested, in which a soft magnetic layer composed of a soft

magnetic material and a recording layer composed of a hard

magnetic material for recording information are combined.

In order to further improve the areal recording density
of the magnetic recording medium, it is necessary to reduce
the medium noise. It has been revealed that the development

of fine unit of inversion of magnetization (or recorded bits)

and the development of high sensitivity of the reading head



pf the magnetic recording medium it is necessary to reduce the nedium
‘voi se. It has been reveal ed that the devel opnent of fine unit of inversion
of magnetization (or recorded bits) and the devel opnment of high
sensitivity of the reading head 3 are effective for this purpose.
Especially, it has been revealed that the size of the magnetic crystal
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artificial lattice nultlla¥ered f al so refigagd to a;at"alternately

stacked miPEPPEEBLEACEy| fPF PXOMRLEN PAPARGSEyLaid-Open” Patent

Publication No. 8-30951 discloses a magnetic recording medium
comprising a soft magnetic layer, a first intermediate layer
composed of carbon, a second intermediate layer, and a
recording film having an artificial lattice structure which
are stacked in this order on a non-magnetic substrate.

A magnetic layer, which has magnetic anisotropy higher
than that of the polycrystal film based on the Co-Cr system
as described above and which is excellent in resistance to
the thermal fluctuation, has been progressively studied as a
recording layer for the magnetic recording medium. Those
known as such a magnetic layer include, for example, an
artificial lattice multilayered film (also referred to as
"alternately stacked multilayered film") in which Co and Pd
or Co and Pt are alternately stacked, and a ordered alloy
film which is obtained by thermally treating an alloy film
of, for example, Fe and Pt or Co and Pt at a high
temperature. The artificial lattice multilayered film and

the ordered alloy film are expected to have high resistance



Or Co and Pt are alternately stacked, and a ordered alloy filmwhich is
obtained by thermally treating an alloy film of, for exanple, Fe and Pt or
Co and Pt at a high tenperature. The artificial lattice nmultilayered film
«@and the ordered alloy filmare expected to have high resistance 4 Ve to
the thermal fluctuation, because such filns have high magnetic anisotropy.
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transition medium noise is large. In the case of the
magnetic recording medium disclosed in Japanese Laid-Open
Patent Publication No. 8-30951 described above, the second
intermediate layer composed of Pt or Pd is provided on the
first intermediate layer composed of carbon formed on the
soft magnetic layer, and the artificial lattice film of Co/Pt
or Co/Pd is formed thereon. Accordingly, the crystal
orientation of the artificial lattice film is improved, the
perpendicular magnetic anisotropy is enhanced, and thus the
coercivity is improved. However, in the case of such a
magnetic recording medium, the magnetic exchange coupling
force in the in-plane direction of the recording layer is
strengthened, and the transition noise, which appears as the
jitter when the linear recording density is increased, is
increased. As a result, it has been difficult to perform
recording and reproduction at a high recording density.
Further, the following problem also arises. That is, the
writing magnetic field supplied from the magnetic head does

not arrive at the soft magnetic layer effectively, and the



Strengthened, and the transition noise, which appears as the

the linear recording density is increased, is increased. As a result,
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arbitrary combination thereof, as a perpendicular magnetic
recording film which is excellent in practical
characteristics such as corrosion resistance and durability
and which is excellent in perpendicular magnetization
characteristics and magneto-optical characteristics.

The present invention has been made in order to solve
the problems involved in the conventional technique as
described above, an object of which is to provide a magnetic
recording medium and a method for producing the same, in
which the magnetic exchange coupling force in the in-plane
direction of a magnetic layer is low, the transition noise is
reduced, and information can be reproduced at high S/N.

Another object of the present invention is to provide a
magnetic recording apparatus provided with excellent thermal
fluctuation resistance characteristics in which information
can be reproduced at high S/N even when the information is

recorded at a high areal recording density.

DISCLOSURE OF THE INVENTION
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direction of a magnetic layer is low, the transition noise is reduced, and
informati on can be reproduced at high S/N. Anot her object of the present
invention is to provide a nagnetic recording apparatus provided with
excellent thermal fluctuation resistance characteristics in which
information can be reproduced at high S/N even when the information is
recorded at a high areal recording density. DI SCLOSURE OF THE | NVENTI ON 6
According to a first aspect of the present invention, there is provided a

magneti c recordin dium.c LLsing; subs te: ft i.c | ayer;
a first seed |§§8?r§§HPaFﬁi§gE §§5eg8Pe§E;gg éé%oﬁﬁegggg Fgggg@géhfaining
one of Pd_and Pt. Si__and. N _an .recordi | ayer.. Th 1etic recordi ng
nediunlacggﬁaﬁnéstBrPNéQFPrgtm%ggSe&F ggcgﬁggﬁgeégﬁ%uﬁnggﬁggggEggﬁprises,
as the underlying b%se for the recording | ayer, the second seed | ayer
cont ai ni ng oneo upg ﬁﬁEePt, Si, and N. The magnetic recording nmedi um
further conprises, %s t he ndeilg'ng base for the second seed |ayer, the
first seed | ay8r 588kt BRRRY1Ee 138K de or oxide of Fe. For exanple, when the
recording layer _is %ogstru ted with an artifici.al %aktice filmconposed of
a

a platinum gr ufiFStafegd 88T FONERIRINGR8 1Ay 8F Efd t he

a second seed layer containing one of Pd and Pt, Si, and
N; and

a recording layer.

The magnetic recording medium according to the first
aspect of the present invention comprises, as the underlying
base for the recording layer, the second seed layer
containing one of Pd and Pt, Si, and N. The magnetic
recording medium further comprises, as the underlying base
for the second seed layer, the first seed layer containing Fe
oxide or oxide of Fe. For example, when the recording layer
is constructed with an artificial lattice film composed of a
platinum group metal and Co, the first seed layer and the
second seed layer as described above make it possible to
optimally control the crystalline orientation of the
artificial lattice film and the magnetic exchange coupling
force of crystal grains.

According to studies performed by the present inventors,
when the second seed layer was formed of, for example, only
Pd crystals, then the size of the recording magnetic domain

formed in the recording layer was increased, and it was



second seed | ayer as described above make it possible to optimally control
the crystalline orientation of the artificial lattice filmand the
magneti ¢ exchange coupling force of crystal grains. According to studies
performed by the present inventors, when the second seed | ayer was forned
of, for exanple, only Pd crystals, then the size of the recording nagnetic
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inventors have found out that it is possible to form fine and
minute magnetic domains in the recording layer, and it is
possible to reduce the noise as well, by constructing the
second seed layer with one of Pd and Pt, Si, and N, probably
for the following reason.

It is considered that when the second seed layer is
constructed with one of Pd and Pt, Si, and N, Pd or Pt exists
in a dispersed manner as a microcrystalline or partially
amorphous structure in SiN (or in SiN network structure).
Further, the dispersion of Pd or Pt in SiN in the second seed
layer as described above is facilitated in an advanced manner
in accordance with the principle as described later on, owing
to the fact that the first seed layer containing Fe oxide is
used as the underlying base. It is considered that the
artificial lattice film having the distinct grain boundary is
formed on the second seed layer, because the recording layer,

which has the artificial lattice structure formed on the

second seed layer, is grown with nucleuses of dispersed Pd or



Further, the dispersion of Pd or Pt in SINin the second seed |ayer as
described above is facilitated in an advanced manner in accordance with
the principle as described later on, owing to the fact that the first seed
kayer containing Fe oxide is used as the underlying base. It is considered
that the artificial lattice filmhaving the distinct grain boundary is
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in-plane direction of the recording layer. Accordingly, it

is possible to further reduce the transition noise.

The reason why the dispersion of Pd or Pt in SiN in the
second seed layer is further facilitated by using the first
seed layer containing the Fe oxide as the underlying base for
the second seed layer will now be explained.

According to the knowledge of the present inventors, Pd
or Pt, which is the metal element of the elements for
constructing the second seed layer, has low wettability with
respect to the Fe oxide for constructing the first seed
layer. For this reason, it is considered that when the
second seed layer containing Pd or Pt is formed on the first
seed layer containing the Fe oxide, Pd or Pt, which has the
low wettability with respect to the Fe oxide, is formed in a
further dispersed manner on the layer of the Fe oxide in
accordance with the surface tension. Accordingly, it is

considered that the dispersion is further accelerated for Pd

or Pt existing in the microcrystalline or partially amorphous



constructing the second seed | ayer, has low wettability with respect to
the Fe oxide for constructing the first seed layer. For this reason, it is
consi dered that when the second seed |ayer containing Pd or Pt is forned
on the first seed |layer containing the Fe oxide, Pd or Pt, which has the

| ow wettability with respect to the Fe oxide, is formed in a further
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layer constructed by the aggregates of fine crystal grains.
Further, the magnetization transition area is extremely
distinct as well. Therefore, it is possible to reduce the
noise as compared with the conventional technique.

In the magnetic recording medium according to the first
aspect of the present invention, the contents of Si and N in
the second seed layer are desirably as follows. That is, the
content of Si is desirably within a range of 10 atomic % to
35 atomic %, and more desirably 20 atomic % to 30 atomic %.
The content of N is desirably within a range of 0.1 atomic %
to 5 atomic %, and more desirably 0.5 atomic % to 5 atomic %.
When the contents of Si and N in the second seed layer are
controlled to be within the ranges as described above, it is
possible to optimize the crystalline orientation of the
recording layer and the magnetic exchange coupling force in
the in-plane direction. Accordingly, it is possible to
reliably form the fine and minute recording magnetic domains

in the recording layer, and the magnetization transition area
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content of Si is desirably within a range of 10 atomc %to 35 atomc %
and nore desirably 20 atomc %to 30 atomc % The content of Nis
desirably within a range of 0.1 atonic % to 5 atonic % and nore desirably
0.5 atomic %to 5 atonic Wen the contents of Si and N in the second seed
| ayer are <controlled to be within the ranges as descri bed above, it is
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microcrystalline structure or a structure in which amorphous
matters partially exist in a microcrystalline structure.

In the magnetic recording medium according to the first
aspect of the present invention, it is preferable that the
first seed layer contains Fe existing as metal (hereinafter
referred to as "Fe metal”) in addition to the Fe oxide. The
magnetic recording medium provided with the seed layer as
described above makes it possible to further reduce the
medium noise. The reason therefor will be explained below.

The first seed layer, which contains the Fe metal in
addition to the Fe oxide, is considered to be in a state in
which extremely minute Fe metal particles are dispersed in
the Fe oxide. As described above, the Fe oxide has the low
wettability with respect to Pd or Pt, for example, for
constructing the second seed layer. On the other hand, the
Fe metal has the high wettability with respect to Pd or Pt.

For this reason, when Pd or Pt is accumulated on the first

seed layer in which the Fe metal particles are dispersed in

11



magnetic recording nedium provided with the seed | ayer as described above
makes it possible to further reduce the nedium noise. The reason therefor
wi |l be explained below. The first seed |ayer, which contains the Fe netal
+n addition to the Fe oxide, is considered to be in a state in which
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mai ntai ni ng the mpute state. Ther fore onS|dered hat .Pd or Pt in
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the first seed layer, is restricted for the spread two-
dimensionally, i.e., in the in-plane direction. Pd or Pt is
individually dispersed at predetermined spacing distances
while maintaining the minute state. Therefore, it is
considered that Pd or Pt in SiN (or SiN network structure) of
the second seed layer exists in a dispersed manner in an
extremely minute state. When the recording layer is formed
on the second seed layer as described above, the magnetic
grains of the recording layer are grown in units of finely
dispersed Pd or Pt. Therefore, the recording layer is
obtained, which is formed of the fine and minute magnetic
grains. Accordingly, the magnetic domains, which are formed
in the recording layer, are also fine and minute. Thus, it
is possible to further reduce the noise.

In the present invention, it is preferable that a ratio
between numbers of atoms (Fe,./Fe,;) satisfies a relationship
of 0.02 < (Fey./Fey,;) < 0.2 provided that Fe,, represents the

number of atoms of Fe existing as metal in the first seed
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fhe second seed |layer exists in a dispersed manner in an extrenmely mnute
state. Wien the recording layer is forned on the second seed | ayer as
descri bed above, the nmagnetic grains of the recording |ayer are grown in
wnits of finely dispersed Pd or Pt. Therefore, the recording |ayer is
obt ai ned, which is forned of the fine and m nute magnetic grains.'

Accor di nghyy othe gagpet| crg,ggggegﬁﬁggf}g MadhBet 0GFTltohd SPEREECRIG M,

| ayer, aré I'ne afid m S possible to furthe
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T e by chA TR UK pe bt/ PO B L RO RS
| ar ger ;h%n 0é2 i%m's feg&ed othat. t_e_Fern% al exists,in a S8XC ssive
amount i nPFRYeEBR h§§§r, t RECRE| &€t LHFEY dlbﬁﬂpgaPS f&r h&ead88r ption of
oraine | ntlAE FRBoPS: RECRdy B IoFA (e SRuHCEee vEcORaHAY Hoarhm RELSr di ng
to the f1gsterdSRRS 520 ehlS RES ATk abRealt $0r the' SaBHELEIAR! S¢' 1AL the

platinum group element, and it is impossible to form fine

magnetic grains in the recording layer.

In the magnetic recording medium according to the first

aspect of the present invention, it is preferable that the

first seed layer containing the Fe oxide contains the Fe

oxide in an amount of not less than 80 % by volume as a

whole.

In the magnetic recording medium according to the first

aspect of the present invention, it is desirable that both of

the film thicknesses of the first and second seed layers are

within a range of 1 nm to 30 nm. If both of the film

thicknesses of the first and second seed layers are less than

1 nm, it is feared that the crystalline orientation of the

recording layer having the artificial lattice structure on

the seed layer cannot be controlled. If both of the film

thicknesses of the first and second seed layers are thicker

than 30 nm, it is feared that the distance between the soft

magnetic layer and the magnetic pole of the recording
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first seed layer containing the Fe oxide contains the Fe oxide in an
anmount of not |less than 80 % by volune as a whole. In the nagnetic
recordi ng medi um according to the first aspect of the present invention,
4t is desirable that both of the filmthicknesses of the first and second
seed layers are within a range of 1 nm to 30 nm If both of the film

ced hin ar _ | m
L] oknessgeaRLe BohELAS s 20cPea00d, SERd LAXCLCBER hESRabE c et Al L IS

ared T Tne orrentafion e recordi ng”’l'ayer having the
artificial latticecstr , b
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B RaRec TR a7 RERehafre. B EhE S PABI L8R crbASELR BLY cod 2
to cause any noise based on the jitter.
According to a second aspect of the present invention,
there is provided a magnetic recording medium comprising:
a substrate;
a soft magnetic layer;
a seed layer containing one of Pd and Pt, Si, and N; and
a recording layer.
The magnetic recording medium of the present invention
comprises, as an underlying base for the recording layer, the
seed layer containing one of Pd and Pt, Si, and N. Such a
seed layer has the same function as that of the second seed
layer according to the first aspect of the present invention.
Therefore, it is possible to optimally control the magnetic
exchange coupling force between crystal grains and the
crystalline orientation of the artificial lattice structure
formed on the seed layer.
That is, it is considered that Pd or Pt exists in a

dispersed manner in a microcrystalline or partially amorphous

structure in SiN (or SiN network structure), when the seed
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a soft magnetic layer; a seed |ayer containing one of Pd and Pt, Si, and N,
and a recording |layer. The nmagnetic recordi ng nedium of the present

i nvention conprises, as an underlying base for the recording | ayer, the
seed | ayer containing one of Pd and Pt, Si, and N. Such a seed |ayer has
the sane function as that of the second seed |layer according to the first

2§ﬁ$$g|°f%éhgﬁpgssseaskgxgegaOaitthsaeafgfgeg@d'ﬁtpogflbsﬁatﬁ optimal | y

etic ~exchange tweén cfy grains and
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grains of the recording layer having the artificial lattice
structure, is reduced. Especially, the trace amount of N in
the seed layer is bound to Si, and thus it is possible to
further facilitate the dispersion of Pd or Pt. Therefore, it
is possible to further weaken the magnetic exchange coupling
force in the in-plane direction of the recording layer.
Accordingly, it is possible to further reduce the transition
noise.

In the magnetic recording medium according to the second
aspect of the present invention, the contents of Si and N in
the seed layer are desirably as follows. That is, the
content of Si is desirably within a range of 10 atomic % to
35 atomic %, and more desirably 20 atomic % to 30 atomic %.
The content of N is desirably within a range of 0.1 atomic %
to 5 atomic %, and more desirably 0.5 atomic % to 5 atomic %.
When the contents of Si and N in the seed layer are
controlled to be within the ranges as described above, it is
possible to optimize the crystalline orientation of the

recording layer and the magnetic exchange coupling force in
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Jurther facilitate the dispersion of Pd or Pt. Therefore, it is possible
to further weaken the magneti c exchange coupling force in the in-plane
direction of the recording layer. Accordingly, it is possible to further
+educe the transition noise. In the nagnetic recording mediumaccording to
the second aspect of the present invention, the contents of Si and N in

the seed \ayer,ape. fasht sl a3, f%b%’g/igﬁafgs' 5¢ ibepgonignt g Si s

desirabl y Wt range o atom ¢ atomc nore desirably
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The seed _I| ayer her taln a,trace_anou case, it

i s prefer 4BYET: BaY FHEQgSHtEHP 8incs t§aﬁFtﬁWﬁu3@ Pgaag?bf&% %F&ﬁ]C %to 10

atom c % whlle h n .
! se, 1% gscgr%%gggbge %hat the content of Co is within a

range of 1 atomic % to 10 atomic %, while the contents of Si
and N in the seed layer satisfy the ranges described above.
It is preferable that the seed layer has a microcrystalline
structure or a structure in which amorphous matters partially
exist in a microcrystalline structure.

In the magnetic recording medium according to the second
aspect of the present invention, it is desirable that the
film thickness of the seed layer is within a range of 1 nm to
30 nm. If the film thickness of the seed layer is less than
1 nm, it is feared that it is impossible to control the
crystalline orientation of the recording layer having the
artificial lattice structure thereon. If the film thickness
of the seed layer is thicker than 30 nm, it is feared that
the distance between the soft magnetic layer and the magnetic
pole of the recording magnetic head is increased, and the
recording magnetic field is not sufficiently applied from the
recording magnetic head to the recording layer. Further, it

is feared that the magnetic field from the recording magnetic
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and Nin the seed | ayer satisfy the ranges described above. It is
preferable that the seed | ayer has a mcrocrystalline structure or a
structure in which anorphous matters partially exist in a mcrocrystalline
structure. In the magnetic recording medium according to the second aspect
of the present invention, it is desirable that the filmthickness of the
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on the jitter. In the magnetic recordi ng nedia accordi to the first and
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recording_layer having an artificial lattic
glayyar may %ega recording %ayer aving an artificial lattice

structure. Preferably, the recording layer having such an
artificial lattice structure is principally composed of a
platinum group metal and Co, and it is preferably an
alternately stacked multilayered film in which the platinum
group element and Co are alternately stacked substantially in
a thickness of several atoms or substantially in a thickness
of single atom. For example, at least one of Pt and Pd may
be used for the platinum group element. The alternately
stacked multilayered film as described above can be formed as
a film at the room temperature or at a relatively low
substrate temperature. Further, the alternately stacked
multilayered film has large magnetic anisotropy, and hence it
is most preferred to be used for the recording layer for the
high density recording.

In this specification, the term "artificial lattice
structure" means a structure which is obtained such that a
plurality of different substances are stacked mutually

periodically in a certain direction in a thickness of single
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structure. Preferably, the recording |ayer having such an artificial

| attice structure is principally conposed of a platinumgroup netal and
Co, and it is preferably an alternately stacked nultilayered filmin which
¢he platinum group elenent and Co are alternately stacked substantially in
a thickness of several atons or substantially in a thickness of single
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selected from those within a range of 0.05 nm to 0.5 nm, and

a Pd layer which has a film thickness selected from those

within a range of 0.5 to 2 nm, or a Co/Pt artificial lattice

film formed by alternately stacking a Co layer which has a

film thickness selected from those within a range of 0.05 nm

to 0.5 nm, and a Pt layer which has a film thickness selected

from those within a range of 0.1 to 2 nm. The perpendicular

magnetic anisotropy is expressed most readily in the

artificial lattice film having the structure as described

above.

In the magnetic recording media according to the first

and second aspects of the present invention, when the

recording layer is formed by using the Co/Pd artificial

lattice film or the Co/Pt artificial lattice film as

described above, an additive element may be contained in the

Pd layer or the Pt layer. The fluctuation of the composition

occurs when the additive element is contained in the Pd layer

or the Pt layer as described above. Thus, it is possible to

reduce the magnetic exchange coupling force in the in-plane
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by alternately stacking a Co | ayer which has a filmthickness selected
romthose within a range of 0.05 nmto 0.5 nm and a Pd |ayer which has a

filmthickness selected fromthose within a range of 0.5 to 2 nm or a

40/ Pt artificial lattice filmfornmed by alternately stacking a Co | ayer

which has a filmthickness selected fromthose within a range of 0.05 nm
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within a e per endlcu nmagneti ¢ anisotropy is

gt by
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descri bedcaBBRESaTHER p, cpiendBs b géﬁe dadesivReehansht; S auelue
coupling forg e in-plane 18 1h s direction of the recording |ayer.

The addit FQet EFeﬁBnang de5|rably Si, A, Zr, Ti, or B, and especially

preferably B The magnetc,characterl stice,ar 6o Bas adeheibgni! dethen the
film or the Co/Pt artificial lattice film is distributed
discontinuously in the in-plane direction. The phrase "Co in
the artificial lattice film is distributed discontinuously in
the in-plane direction" herein means the provision of the
following structure. That is, when the cross-sectional
structure of the artificial lattice film is observed, the
cross section of the Co layer is observed to be substantially
layered, while when the planar structure is observed, areas
composed of Co are dispersed like islands on the plane. 1In
other words, the Co layer in the artificial lattice film is
not formed as a continuous film, but a plurality of areas
composed of Co are dispersed like islands. Co, which is
distributed discontinuously in the artificial lattice film,
partially blocks the magnetic exchange coupling force.
Therefore, it is possible to reduce the magnetic exchange
coupling force in the in-plane direction of the recording
layer.

The recording layer having the artificial lattice

structure may be formed, for example, with aggregates of
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Additive elenment is added to the Pd |ayer or the Pt layer, as conpared
wth a case in which the additive elenent is added to the Co layer. It is
preferable that Co in the Co/Pd artificial lattice filmor the Co/Pt
wartificial lattice filmis distributed discontinuously in the in-plane
direction. The phrase "Co in the artificial lattice filmis distributed
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recording layer having the structure as described above, the

magnetic exchange coupling force in the in-plane direction is

reduced. Even when minute recording magnetic domains are

formed in the recording layer, the magnetic domains exist in

a stable manner. Further, the linearity of the magnetization

transition area is high as well. Therefore, it is possible

to further reduce the noise upon the reproduction.

In the magnetic recording media according to the first

and second aspects of the present invention, the recording

layer having the artificial lattice structure can be formed,

for example, by using a sputtering apparatus which is capable

of forming films alternately. For example, the recording

layer can be formed as follows. That is, two or more

targets, which are composed of different materials, are

juxtaposed, and a substrate carrier is relatively moved

alternately with respect to the respective targets.

Alternatively, the recording layer can be formed as follows.

That is, at least two types of ring-shaped targets having

different diameters are arranged coaxially on an identical
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col ummar crystal grain may be within a range of 2 nmto 15 nm The

di fference between the uppernost portion and the |owernbst portion (height
position of the grain boundary of the crystal grain) disposed on the
surface of the crystal grain may be within a range of 1 nmto 10 nm In
the recording |layer having the structure as descri bed above, the nagnetic
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kOe to 10 kOe (kilooersted). It is desirable that (Mret),
which is the product of the film thickness t of the recording
layer and the residual magnetization Mr, is within a range of
0.3 to 1.0 memu/cm’. If the coercivity is smaller than 1.5
kOe, it is feared that the output, which is obtained when
information recorded at a high density (not less than 600
kFCI) is reproduced, is small. Further, it is feared that
the magnetic anisotropy energy is decreased, and the thermal
fluctuation tends to occur. 1If the value of Mret is larger
than 1.0 memu/cm?’, the resolution is lowered. 1If the value
of Mret is smaller than 0.3 memu/cm?’, the output is
excessively small. Therefore, it is feared that it is
difficult to obtain sufficient recording and reproducing
characteristics when the high density recording is performed
at not less than 150 gigabits/square inch.

According to a third aspect of the present invention,
there is provided a magnetic recording medium comprising:

a soft magnetic layer;

21



ppposed to the targets. The filmis fornmed by alternately effecting the

di scharge with the ring-shaped targets. The filmthickness of the recording
filmhaving the artificial lattice structure is preferably 5 nmto 60 nm
tn view of the nmagnetic characteristics. It is desirable for the
recording layer that the coercivity, which is neasured in the direction
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thereon, and the seed layer which contains the Fe oxide
disposed between the recording layer and the soft magnetic
layer formed with the soft magnetic material. Nucleuses of
magnetic grains for constructing the recording layer can be
grown at predetermined spacing distances on the surface of
the seed layer. It is preferable that the recording layer
contains a platinum group element. It is especially
preferable that the recording layer is an alternatively
stacked multilayered film obtained by alternately stacking a
platinum group element and Co element. The recording layer,
which is composed of aggregates of fine magnetic grains, can
be formed by forming the seed layer containing the Fe oxide
as an underlying base for the recording layer. The reason
therefor will be explained below.
The Fe oxide, which is contained in the seed layer, has
low wettability with respect to the platinum group element

such as Pt and Pd for constructing the recording layer. For

this reason, when Pt or Pd is accumulated on the seed layer
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a recording layer which is forned with a hard magnetic material and which
exhi bits perpendi cul ar nmagneti zation; and a seed | ayer which is | ocated
between the soft magnetic |ayer and the recording | ayer and which contains
oXi de of Fe. The magnetic recording nediumaccording to the third aspect
of the present invention conprises the recording | ayer which is formed
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for recording Th ornat ron fhereo see ayer ains the
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grown from the nucleuses individually in an isolated state.
The magnetic grains grown as described above use the finely
dispersed nucleuses as the units, and hence the magnetic
grains, which are relatively fine and minute, are obtained on
the seed layer. The recording layer is formed by the
aggregates of such fine magnetic grains. Therefore, it is
possible to form minute recording magnetic domains, and the
magnetic interaction between the magnetic grains of the
recording layer is reduced as well. Further, the boundary
portion between the recording magnetic domains is distinct.
Therefore, it is possible to reduce the noise.

In the magnetic recording medium according to the third
aspect of the present invention, it is preferable that the
seed layer contains Fe existing as metal (Fe metal) in
addition to the Fe oxide. The magnetic recording medium,
which is provided with the seed layer as described above,

makes it possible to further reduce the medium noise. The

reason therefor will be explained below.
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22 as described above, for exanple, by using the sputtering nethod, Pt or
Pd is forned while being finely dispersed in the in-plane direction on the
seed | ayer in accordance with the surface tension. Pt or Pd, which exists
in the finely dispersed manner on the seed | ayer as descri bed above,
serves as the nucleus for growing the magnetic grains of the recording

layer. Thereforg, ;Wheg,00qapdyPtnlE PHeab8eqahhgERat GhYcACEHAYLhEdthe
Preth thEhack BT PusT Py in

t hereon, the magnetic gralns are grown rrom Nnucl euses | I VI dua

an [solalgd sLALE inTHEATRIBR L6 OhA! PS BL9UA, a3s02RCh! bedeabexculizent he

finely drspersed nucleuses as e units, henc magnetic grains,

el r cekELahe§! MibkRe POnELDY! Bar2i8 00! 8BOHi0Berb O] SRefnLo¥Er . The

recordinger_ o orme gregates of suc ne magnetic grains.
el o eyl = 2BSRBEAKSS R, SBERT B pEEBRS oGP oy o
e HRLLRBEA SR b, FHBEE: ehT B HTRS KBTS RERURET A
(e0uce {1genghsSe bR, MCGRIATRRERE ST EEg BRalRYRL kAR O eRabe s
Co e Thy TalRen OhntER FENBEL bl LA FRnabEad a0 T
described; abovee e TRETS el wR2RSHREGLe LY BlCL, BlUCepble IR yualghse: The

when Pd or Pt is accumulated on the seed layer in which the

Fe metal particles exist in the dispersed manner in the Fe

oxide, Pd or Pt selectively adsorbs to the Fe metal. 1In this

situation, the Fe metal in the seed layer is extremely

minute. Therefore, Pd or Pt, which has adsorbed to the Fe

metal, is more minute as compared with a case in which Pd or

Pt is formed on the seed layer composed of the Fe oxide

described above. Further, the Fe oxide, which has the low

wettability with respect to Pd or Pt, exists around the Fe

metal. Therefore, Pd or Pt, which has been accumulated on

the seed layer, is restricted for the spread two-

dimensionally, i.e., in the in-plane direction. Pd or Pt is

individually dispersed at predetermined spacing distances

while maintaining the minute state. As described above, Pd

or Pt, which is dispersed extremely minutely, serves as the

nucleus for growing the magnetic grains of the recording

layer. Therefore, when Co and Pd or Pt are alternately

accumulated thereon, the magnetic grains of the recording
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reason therefor will be explained below. 23 It is considered that the seed
| ayer, which contains the Fe netal in addition to the Fe oxide, is in a
state in which extrenely mnute Fe netal particles are dispersed in the Fe
roxi de. As described above, the Fe oxide has the low wettability with
respect to the platinun1group el ement such as Pd or Pt as the elenent, for

exanpl e, i?ge90ﬁ§ HEBMPQEEPﬁ th%cﬂ dueg hﬁ¥§éusg§.th%B§£hEE h@ﬁgn the Fe

nmet al has Ity mnt respect to of thr's reason

when Pd og Bl ?EVQEC“GHEBBegoBE G Rg %ﬁSdFEa¥§idEeaH@'Eg t?gdmﬁﬁag§tﬁé

particles exrs N {hé di spersed manner in f

et ebcntag Bnel MBS ke S5 48 (SUhUSLGTY LA TEATHY) 1
adsorbed harhicshechPLaka 13yHR" B18VBULe BT CRIPRAE AL ,E GB3C 1 whi ch

Pd or of e conposed of oxrde “descri bed
fo pd o PrOvERasPEe F?gﬁﬁaﬂ?%g“ﬁlﬁg BREreRTRcSERalE Sathe' kool Ras
di menei ondirgr i Blrehgf, RS m%%ﬁﬁslé?sééiﬁéh HBPvp: 575 SBARG ShELal 1y
6 Spared, g BB AET R TS e Mo TR Ang e it
m Ut elY, 185EYSSuRTchMEs 8%&% (85 9HQ"I0.L0°nTBARELC (2L 3HES 3G the
obtained. Accordingly, the magnetic domains, which are
formed in the recording layer, are also fine and minute.
Thus, it is possible to further reduce the noise.
In the magnetic recording medium according to the third
aspect of the present invention, it is preferable that a
ratio between numbers of atoms (Fe,./Fe,;) satisfies 0.02 <
(Fey./Fe,,;) < 0.2 provided that Fe,,, represents the number of
atoms of Fe existing as metal in the seed layer, and Fe,,
represents the number of atoms of Fe existing as oxide. As
illustrated by embodiments described later on, when the ratio
between numbers of atoms is larger than 0.02, then it is
possible to record information at a high density on the
recording layer, and it is possible to reproduce the
information at high S/N. However, if the ratio between
numbers of atoms is larger than 0.2, it is feared that the Fe
metal exists in an excessive amount in the seed layer, the

selectivity disappears for the adsorption of the platinum

group element, and it is impossible to form fine magnetic
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layer. Therefore, when Co and Pd or Pt are alternately accunul ated

t hereon, the magnetic grains of the recording 24 | ayer are grown fromthe
m nute nucl euses. That is, when the seed |ayer, which contains the Fe
oxide and the Fe netal, is used as the underlying base for the recording
| ayer, the Fe netal in the seed |ayer plays a role of the nucleus for

grow ng tpgagﬁgrgﬂekxefkggogagﬂgthg g&gins in the recording |ayer.
e nmaghetic g grg

Furt her, rarns - ar Wn by using the mnute nucleuses as

the units. Theygfone nbiRoteEoLdinga;haYFLas il SAchaqiRLTed hinchheam nute

magnetic grains, I'sS  obtarne Ccor e mgne omal ns, I'ch are
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to the Fe oxide or the Fe metal.

In the magnetic recording medium according to the third

aspect of the present invention, it is preferable that the

film thickness of the seed layer is not more than 30 nm in

order not to lower the recording efficiency due to the

magnetic spacing.

In the magnetic recording medium according to the third

aspect of the present invention, the recording layer, which

is formed with the hard magnetic material, may be a

perpendicularly magnetizable film having magnetization in the

vertical direction with respect to the film surface. A

ordered alloy film can be used for the recording layer as

described above in addition to the artificial lattice

multilayered film (alternately stacked multilayered film)

used in the first and second aspects. The hard magnetic

material is preferably a material principally composed of a

platinum group element and Co. At least one element of Pt

and Pd is preferred for the platinum group element. It is
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nmetal exists in an excessive anount in the seed |ayer, the selectivity
di sappears for the adsorption of the platinum group elenent, and it is
i npossible to formfine nagnetic 25 grains in the recording layer. In the
fragneti c recordi ng medi um according to the third aspect of the present
invention, it is preferable that the seed |ayer, which contains the Fe
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film and the ordered alloy film are excellent in thermal
fluctuation resistance characteristics, because they have
high magnetic anisotropy. Therefore, the alternately stacked
multilayered film and the ordered alloy film are extremely
optimum to be used as the recording layer for the high
density recording.

In the magnetic recording media according to the first
to third aspects of the present invention, the soft magnetic
layer is preferably composed of a soft magnetic film having a
microcrystalline structure obtained by uniformly dispersing,
in Fe, nitride or carbide of at least one element selected
from Ta, Nb, and Zr, in view of the fact that the magnetic
field from the magnetic head is efficiently applied to the
recording layer. Other than the materials as described
above, for example, an amorphous alloy may be used, which is
principally composed of Co-Zr and which contains at least one
element selected from Ta, Nb, and Ti. The soft magnetic film
as described above is suitable for high density recording,

because the film has a large saturation magnetic flux density
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used in the first and second aspects. The hard magnetic material is
preferably a material principally conposed of a platinumgroup elenent and
Co. At |east one elenent of Pt and Pd is preferred for the platinum group
el'enment. It is 26 preferable to formthe recording |ayer by using the
alternately stacked multilayered filmobtained by alternately stacking the

pl 2t num geopge e} SIENLpafc1 05 nTnergLLer gLELY a8t Bpkedebl wheupLagyl i M
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extrenplysug Used™as't récp I Ng yef or t _ density

nepects orithet iR ABRPERESafrTigkRofna M, FierRaREE; B2epRikdon hithod 2 111

bt ai ned By EaHBT GPAFFAGRELBEsPRY, ROFR Fudn TPBPaEmEy Sor bi'Ge of at |l cast

one oL eToNt  SPUReLER, whbRk TR bBorTforbeak R bEp R hASFhaghet kgt

recording Layer o2 PRL bRaNehRC MBLEIAhS 3% 48SpLbPRYanie that the
surface of the soft magnetic layer is flat. It is preferable
that the surface roughness Ra of the surface of the soft
magnetic layer is 0.20 nm to 0.40 nm. When the soft magnetic
layer having the flat surface as described above is used, the
boundary between the magnetic crystal grains of the recording
layer, i.e., the crystal grain boundary is extremely distinct
as illustrated in embodiments described later on. Thus, the
isolation of the magnetic crystal grains of the recording
layer is further facilitated. The magnetic crystal grains of
the recording layer as described above are magnetically
separated from each other by the crystal grain boundary.
Therefore, the magnetic exchange coupling force in the in-
plane direction is reduced. Accordingly, it is possible to
form minute magnetic domains in the recording layer, and the
linearity of the magnetization transition area is enhanced.
The fact that the crystal grain boundary of the recording

layer is distinct owing to the flat surface of the soft

magnetic layer is considered to be based on the following
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above, for exanple, an anorphous alloy may be used, which is principally
conposed of Co-Zr and which contains at | east one elenent selected from
Ta, Nb, and Ti. The soft magnetic film as described above is suitable for
hi'gh density recording, because the filmhas a |arge saturation magnetic
flux density 27 of not less than 1.5 T. Those usable as specified materials
I ncl ude, f?i & | e, Ni Fe, CoTaZr, CoNbZr, and FeTaC having a high
magnetic perneabi'ity. The magnetic | ayer conposed of such a material can

be formed, Tor EXliPLens)HePCACEAARCHnN Lhe! BEAPYLLEL! 10 FELAQY 2Rt he

YﬁgoaagﬁggsitLec0£Hlng dluﬁlgl f 0 nes;hg opd regthgg oL ikbg omin
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distances, is formed on the soft magnetic layer. On the

contrary, when the surface of the soft magnetic layer is
flat, sputtering particles, which have arrived at the surface
of the soft magnetic layer, are sufficiently diffused in the
in-plane direction. Therefore, an initial growth layer is
formed as a film, in which grains for constructing the seed
layer are grown in a state of being sufficiently separated
from each other. The seed layer, which is formed on the
basis of the initial growth layer with the separation of the
sufficient spacing distance, is considered as follows. That
is, Pd or Pt, which exists in a microcrystalline or partially
amorphous structure in SiN (or SiN network structure), is
also separated from each other by sufficient spacing
distances, and the dispersion is further facilitated. It is
considered that when the recording layer is formed as a film
on the seed layer in which the dispersion of Pd or Pt is
facilitated in an advanced manner, the extremely distinct

crystal grain boundary is obtained in the recording layer.
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plane direction is reduced. Accordingly, it is possible to formmnute
magnetic domains in the recording layer, and the Ilinearity of the

magneti zation transition area is enhanced. The fact that the crystal grain
boundary of the recording layer is distinct owng to the flat surface of
the soft nagnetic layer is considered to be based on the follow ng 28
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suf fi ci enfUSBadfnglumePyRcRaInesiyfspleP¥qsy #s. 9FASE is, Pd or Pt,

which exists in a mcrocrystalline or partiall
substrates, and %raphite subs%rates. yThe surface of the

aluminum-magnesium alloy substrate may be plated with nickel-
phosphorus. The substrate surface may be treated to be flat
by applying diamond grinding grains or polishing tape to the
substrate surface while rotating the substrate. Accordingly,
when the magnetic head is allowed to float over the magnetic
recording medium, it is possible to improve the traveling
characteristics of the magnetic head. As for the center line
roughness Ra of the substrate surface, it is desirable that
the center line roughness of a protective film to be formed
on the substrate is not more than 1 nm. In the case of the
glass substrate, the surface may be chemically etched with a
chemical agent such as strong acid so that the surface is
flat. Further, any minute height structure, for example,
projections of not more than 1 nm may be chemically formed on
the surface. Accordingly, it is possible to realize a stable
low floating amount when a negative pressure slider is used.
An adhesive layer such as those of Ti may be formed on

the substrate of the magnetic recording medium in order to
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anor phous structure in SiN (or SiN network structure), is also separated
fromeach other by sufficient spacing distances, and the dispersion is
further facilitated. It is considered that when the recording | ayer is
formed as a film on the seed |l ayer in which the dispersion of Pd or Pt is
facilitated in an advanced manner, the extrenely distinct crystal grain
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| i ne roughness of a protegtive f|| to be Lorneg on the substrate i s not
mor e t hanRitEREePncP Ea&agagopmpﬁg ous carbon, boron-containing

amorphous carbon, silicon oxide, zirconium oxide, and cubic
crystal system boron nitride. The method for forming the
protective film of such amorphous carbon includes, for
example, a method in which the film is formed by means of
sputtering in an inert gas or a mixed gas of inert gas and
hydrocarbon gas such as methane by using graphite as a
target, a method in which the film is formed by means of
plasma CVD by using an organic compound such as hydrocarbon
gas, alcohol, acetone, and adamantane singly or mixed with,
for example, hydrogen gas or inert gas, and a method in which
the film is formed by ionizing an organic compound to effect
acceleration by applying a voltage in order to make collision
with the substrate. Further, the protective film may be
formed by means of the ablation method in which a laser beam
at a high output is collected with a lens so that the laser
beam is radiated onto a target such as graphite.

A lubricant can be applied onto the protective film in

order to obtain good characteristics of sliding movement
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gl ass substrate, the surface may be chemcally etched with a chem cal

agent such as strong acid so that the surface is flat. Further, any mnute
hei ght structure, for exanple, projections of not nore than 1 nm nay be
<chemcally forned on the surface. Accordingly, it is possible to realize a
stable |low floating anmount when a negative pressure slider is used. An
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hydrocarbg ragailtalcohol acetone, and adamantane singly or m xed wth,
The solution application method is generally used as the

method for forming the lubricant. 1In order to avoid the

global warming or simplify the process steps, a lubricant

film may be formed in accordance with the photo-CVD method in

which no solvent is used. The photo-CVD method is performed

by radiating ultraviolet light onto a gaseous material

composed of olefin fluoride and oxygen.

The film thickness of the lubricant is appropriately 0.5

nm to 3 nm as an average value. If the film thickness is

thinner than 0.5 nm, the lubricant characteristics are

deteriorated. If the film thickness is thicker than 3 nm,

then the meniscus force is increased, and the static

frictional force (stiction) between the magnetic head and the

magnetic disk is increased, which is not preferred. After

the lubricant film is formed as described above, the heat may
be applied at about 100 °C for 1 to 2 hours in nitrogen or in

air. Accordingly, any excessive solvent and low molecular

weight components can be evaporated to improve the tight
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Jor exanple, hydrogen gas or inert gas, and a nethod in which the filmis
formed by ionizing an organic conpound to effect acceleration by applying
a voltage in order to make collision wth the substrate. Further, the
protective filmmy be fornmed by nmeans of the ablation nmethod in which a
| aser beam at a high output is collected with a lens so that the | aser
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phot o- CVD net hod i rformed by radiating ultraviolet light onto a
gaseous nBPE iﬁlme§85§05ed of olefin fluoride and oxygen. The film

thickness of tﬂgch%gﬁhga@B ESfQBQEBpEE%EEky09'§he present invention,

there is provided a method for producing a magnetic recording
medium, comprising:

preparing a substrate;

forming a soft magnetic layer on the substrate;

forming, on the soft magnetic layer, a first seed layer
containing oxide of Fe;

forming, on the first seed layer, a second seed layer
containing one of Pd and Pt, Si, and N; and

forming, on the second seed layer, a recording layer.

In the production method according to the fourth aspect
of the present invention, the first seed layer can be formed,
for example, by allowing a target principally containing Fe
to be subjected to reactive sputtering by using a sputtering
gas containing oxygen. The first seed layer, which is formed
in accordance with the method as described above, contains
the Fe oxide or the oxide of Fe. According to the production
method as described above, it is possible to produce the

magnetic recording medium according to the first aspect of
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Jimto 3 nmas an average value. If the filmthickness is thinner than 0.5
nm the lubricant characteristics are deteriorated. If the filmthickness
is thicker than 3 nm then the nmeniscus force is increased, and the static
frictional force (stiction) between the magnetic head and the nagnetic
disk is increased, which is not preferred. After the lubricant filmis

f or med astﬂssﬁi'gggtaQBVQntEBﬁ heat may be applied at about 100 OC for 1

fo 2 hFurslln rogen or air. Accordingly, any excessive solvent and
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invention, for example, an artificial lattice film composed
of a platinum group element and Co element can be formed as
the recording layer having an artificial lattice structure on
the second seed layer such that a target formed with the
platinum group element and a target formed with Co are used
to perform the sputtering while alternately opening/closing
shutters for the targets.

In the production method according to the fourth aspect
of the present invention, the seed layer, which contains the
Fe metal in addition to the Fe oxide, can be formed by
controlling the flow rate of the oxygen gas in the sputtering
gas. When the seed layer, which contains the Fe oxide and
the Fe metal, is used as the underlying base for the
recording layer as described above, it is possible to form
the aggregates of minute magnetic grains in the recording
layer. Therefore, the magnetic recording medium, which is
provided with the seed layer as deécribed above, makes it
possible to further reduce the medium noise.

According to a fifth aspect of the present invention,
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containing one of Pd and Pt, Si, and N, and form ng, on the second seed

| ayer, a recording layer. In the production nethod according to the fourth
aspect of the present invention, the first seed | ayer can be forned, for
exXanple, by allowing a target principally containing Fe to be subjected to
reactive sputtering by using a sputtering gas containing oxygen. The first

above, borhaFRstS: hEokEaE ;s Br AERCESE e Rh [nb S HEDADESE £ EFREALRES

production_ .oethod as_descri bed above, it is possible to produce the
magnet i ¢ wggbpﬂfnﬁoﬂgﬁ%ﬁﬁngcordlng to the first aspect of 33 6 the present

I nvention. In the productiogn d according to the fourth aspect of the
pr esent inventPBﬁngﬁngraeFuP gﬁfthe second seed |ayer containing one
of Pd and Pt, eed | aye Ie t he
sputtering nay§8£mbﬁgf8rﬁ85£ Wagag ﬁﬁ ?ﬁBerBéSEB? ?3?5@?5901 Pd target and
SiNtarget. In_the.fourth oduc%kon net f the prese i nvention, for
exanpl e, an ar tPFRLPGy PHt EeSP n"28hH égd aXFra | 8EF uﬁ?&?ﬁup el enent

and Co el ement ,can be for d as_.th cordi having an artificia
lattice sFPRER&ERENGNONENE Bgoﬂﬂdsgﬁd géye? ' %Hgt a ta?get formed with

the platinumgroup el enent_ and aFi inet forned are used to
n

performthe spiPtBiPHg QR FBeaPEE Pﬁ’oﬁeﬁ?ﬁ@FQFBgcﬁayer'

According to the production method as described above, it is
possible to produce the magnetic recording medium according
to the second aspect of the present invention.

In the production method according to the fifth aspect
of the present invention, it is preferable that the surface
of the soft magnetic layer is subjected to an etching
treatment, for example, by means of plasma etching after
forming the film of the soft magnetic layer on the substrate.
Accordingly, it is possible to obtain the soft magnetic layer
having a flat surface. When the seed layer, which contains
one of Pd and Pt, Si, and N, is formed on the soft magnetic
layer having the flat surface, and the recording layer is
formed on the seed layer as described above, then the crystal
grain boundary of the recording layer is extremely distinct,
and the isolation of crystal grains is facilitated. 1In the
magnetic recording medium produced by the production method
of the present invention, the magnetic exchange coupling
force in the in-plane direction of the recording layer is

further reduced. Therefore, the linearity of the
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shutters for the targets. In the production nmethod according to the fourth
aspect of the present invention, the seed |ayer, which contains the Fe
netal in addition to the Fe oxide, can be formed by controlling the flow
fsate of the oxygen gas in the sputtering gas. Wen the seed | ayer, which

cgntains tge FeLoxide and the Fe netal, is used as the underlying base for
the recordin ayer as : | €l b4 Si r
aggregate@ag?gﬁ%ﬁ%ﬁéoﬁaaggﬁg%£g§§i%§8¥ni§hén?§%§r§fnghgl%geég Q%%%g %?e,

t he magneiic_recaordj nmedium which is provided with the seed | ayer as
described£3b59 uc tgg PP15Bossible to further reduce the medi um noi se.
According to a provi ded

fifth,aspect of .t resept iLnyention 4 there. i
a neLh?d Ior PﬁﬁaﬁEaﬁBgagﬁaanaffgﬁrEEF?S nak ﬁﬁﬁiBﬁ?sggﬁp}Pg?ﬁa}gﬁfeparing
a substrate; formng a,sof.t _magpeti.c_layer qn the substr L Jformam on
the soft HBGREt +E pﬂgg}?eg ge@ggﬁggeforggﬁ?gPﬁ%ﬂa %ngggpgtgcaﬁﬁgﬁgalgg, and
N, and forning, on the.seed layer, a recording layer. According to the
product i ofieAEERodCGLPHEEPEBed above, it is possible to produce the
magneti c recording nediun1acgo di to the second aspect of the present

B RLEASH

i nvention. | n PREPRF&BECRi BH faccording to the fifth aspect of the

resent invention, .it is preferable.that the surfa
P forming a soft magneglc Tayer on %Lecgubstrate;

forming, on the soft magnetic layer, a seed layer
containing oxide of Fe; and

forming a recording layer on the seed layer.

In the production method according to the sixth aspect
of the present invention, for example, the seed layer can be
formed by allowing a target principally containing Fe to be
subjected to reactive sputtering by using a sputtering gas
containing oxygen. The seed layer, which is formed in
accordance with the method as described above, contains the
Fe oxide. According to the production method as described
above, it is possible to produce the magnetic recording
medium according to the third aspect of the present
invention.

In the production method according to the sixth aspect
of the present invention, the seed layer, which contains the
Fe metal in addition to the Fe oxide, can be formed by
controlling the flow rate of the oxygen gas in the sputtering
gas. When the seed layer, which contains the Fe oxide and

the Fe metal, is used as the underlying base for the
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of the soft magnetic layer is subjected to an etching treatnent, for

exanpl e, by neans of plasma etching after formng the filmof the soft

magnetic | ayer on the substrate. Accordingly, it is possible to obtain the

soft magnetic layer having a flat surface. Wien the seed | ayer, which

contains one of Pd and Pt, Si, and N, is fornmed on the soft magnetic

| ayer havi I rfac e rdi.pg.:l.a l f n the
kQonggn gggEa%E Sesgggﬁéphaw% gF 1éré|8%s%§le %W?QFB

seed | ayer "as SCri ove, e Cryst oundary of "t he

e ) Sl ARt Y Kk RabpardiC et Aok Shahena o hegse o s

IS gacill oy f Megnetic rec i'um produce
ti t h ' At ' ] i
Force. i n AUCEf. pPAREelRFee: iy BROPRELPersraraanPapentel. FirEReFsr catced.

ennanced, PARELAES §Lbhs 0B 8o, TRuqRcas: HeBkurlel’ ABRkPar RaRPE A4S  xin
S Tmanet | BOFELBLE: R HERRGR ZBOHGP SPRgneruBaPPagea o RSt &PE: *Porning 3
SR TR Tt R R R L Y AN A
seed ayel kMot el 84Y5th galPhiodea5e2hau g nhoe! NS X! BeB3P8RY e
that the surface of the seed layer is subjected to sputtering
etching during the period from the formation of the seed
layer to the formation of the recording layer on the seed
layer. The reason therefor will be explained below.
The oxygen gas remains in a film-forming chamber after
the seed layer is formed by means of the reactive sputtering
by using the sputtering gas containing the oxygen gas. A
certain period of time is required to completely evacuate the
oxygen gas. Therefore, during this period, a thin oxide film
is formed on the surface of the Fe metal in the seed layer
due to the oxygen gas remaining in the chamber. Such an
oxide film inhibits the adsorption of the platinum group
element in the recording layer to the Fe metal, for example,
when the recording layer containing the platinum group
element is formed on the seed layer. Therefore, it is feared
that the adsorption selectivity for the platinum group
element is lowered. Accordingly, as described above, the

oxide film, which is formed on the surface of the Fe metal,

is removed by sputtering-etching the surface of the seed
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of the present invention, for exanple, the seed |layer can be forned by
allowing a target principally containing Fe to be subjected to reactive
sputtering by using a sputtering gas containing oxygen. The seed |ayer,
which is formed in accordance with the nethod as described above, contains
the Fe oxide. According to the production nethod as descri bed above, it

5. possi bheykd. BERLUCEOLe RaRe! i 1he6e! dhBoselRdlugLACCORHLAY Lol he

third aspe resen imvention. "I n the pro ion methéd accordi ng
cont ains. Phat Ran broflb, K1EnRRE Ep, ¥R ARy, RS £8ECRop Bt hrRtuThe

The soed Fageraihgl SavBEncAPabd: ra taBly daskinecl na” tberkrahecd pooa as
L R L
Lo seed ROl Che BABFEIRAORESIE, SrALES AR CHBsCFRPEYAE% APFREr reduce the
The 110w THEPE B SERECBAJqUHas nE EesER HEARDBORE TP%| EMfos) bl e i hal

the surface t he seed, l.ayer, i ubjected to sputtering etching during the
peri od 11 BRPEEEABAEErBiAY; PRbudEcan 1aFE" 85 AEcRorfdFonkor RO
recordingxgeyghdog ngegeggs of such an inert gas and hydrogen gas.

In the production method according to the sixth aspect
of the present invention, for example, when a soft magnetic
layer containing Fe is used as the soft magnetic layer, the
seed layer containing the Fe oxide can be also formed by
oxidizing the surface of the soft magnetic layer at a high
temperature after forming the soft magnetic layer containing
Fe.

In the production methods according to the fourth to
sixth aspects of the present invention, those usable as the
method for forming the soft magnetic layer, the first seed
layer, the second seed layer, and the recording layer
include, for example, the vacuum vapor deposition method, the
MBE method, the sputtering method, the ion beam method, the
molecular layer epitaxy method, and the plasma CVD. Those
useable as the sputtering method include, for example, known
sputtering methods such as the ECR sputtering method, the DC

sputtering method, and the RF sputtering method.

According to a seventh aspect of the present invention,
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layer. The reason therefor will be explained bel ow The oxygen gas remains
ina filmformng chanber after the seed |ayer is forned by neans of the
reactive sputtering by using the sputtering gas containing the oxygen gas.
A" certain period of tinme is required to conpletely evacuate the oxygen
gas. Therefore, during this period, a thin oxide film is fornmed on the

i e chihber. SeuBRORRACH, s BRER: L Tk FRre Qe abakdte R YERBE PRGN

in the ch an- ~oxi de min sorptiron o pl ati num
group elenent_jn the recqrdi | r .Lhe - al, +£0 X I when

t he recording FhﬁeWaSBE?égn?ﬁggFH§X§|%%§%§ﬂ1Sggﬁgaig eﬁén%ngsa orﬁgd on the
seed Iayeﬁ Tgere ore, h% .S fearﬁg. that the adsorption selectivity for
the plati hbfh §E6Ep 81 ERERE PEPPSWBFed. Accordingly, as described above,
the oxide film which.is forned.on the surface_ of e_Fe S
renoved by spu?t@PEHSQéFCHFRS WﬁécBuPFaggegf%Phﬁggggg 85 Fggégth?er
formng the filmof the seed |ayer. Thus, the platinumgroup elenent such
as Pd andiPEorBAtd8Rst ABCting the recording layer can be reliably adsorbed

to the Fe netal qn, the surface.of the seed. |ayer. Therefore..it is
bossi bl e tofBr AELKAG Rite HAGAD: P LyER: Koo HaphetiEc EPaPRg Pl er . Those
preferably used as hepgas to, be %sed for the ttering etching include

an inert BSdlUBcHILY EKESPRFT ARqt ?e?agﬁﬁtécnpfégqgas of such an inert gas

and hydrogen ogg.. L1 e pr gqugtiian Tethed 2060 ¢hATpLeskle Thikhedshec!

is provided with the magnetic recording medium according to
any one of the first to third aspects of the present
invention. Therefore, even when information is recorded at a
high areal recording density, the information can be
reproduced at high S/N. Further, the magnetic storage
apparatus possesses excellent thermal fluctuation resistance.
In the magnetic storage apparatus of the present
invention, the magnetic head may comprise a recording
magnetic head for recording information on the magnetic
recording medium, and a reproducing magnetic head for
reproducing information recorded on the magnetic recording

medium. It is desirable that the gap length of the recording
magnetic head is 0.2 pm to 0.02 pum. If the gap length
exceeds 0.2 pm, it is difficult to perform recording at a

high linear recording density of not less than 400 kFCI. It

is difficult to produce a recording head having a gap length
smaller than 0.02 um. In the case of such a recording head,

the device tends to be destroyed due to the static
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of the present invention, for exanple, when a soft magnetic |ayer
containing Fe is used as the soft magnetic |ayer, the seed |ayer
containing the Fe oxide can be also formed by oxidizing the surface of the
soft magnetic layer at a high tenperature after formng the soft nagnetic
IayeL containing Fe. In the production nmethods according to the fourth to
Si xt aspe s,of t se | nvention, those usable as the nethod for
form ng t fie® EBF%Cﬁg§n§P$BCFéy the first seed | ayer, the second seed

| aver, and theyfecordi g, .3 ef?ﬁgagtgg neh8l cSHAHE! EqpbBE.uERHUBYVapor

deposition net e sput erlng me n beam
Uscabl o aUSERE SpBREBPFRD %é?ﬁ%bééﬁérﬁ%é?°?%?ﬁéﬁghgfée' ERcuesEaR For  ng
the RF sphoRbr ERG FEPROUSCALEE: BPRG R0 8 B yan AT athBct cbrol e Thasen:
invention, 38 there is provided a nmagnetic storage apparatus coneriln
the magnemagnetier Beag wBdPum BBcHPAPmB2t BMany TRReTEPTOARELIPRENEBIEN| 1 d
aspects; a magnetic head which is used to record or reproduce information;
and a driihﬂgrualtdmhbchlgrreéatehetnaghetrepreducdhggreﬁeauﬁipmmthThQSpect
to the magnetic head. The magnetic storage apparatus of the present
i nventi onshorter the reproduction shield interval is, the higher the
resolution is. It is desirable that the lower limit value of
the reproduction shield interval is appropriately selected
within the range described above, depending on, for example,
the stability of the element, the reliability, the electric
resistance characteristics, and the output.
In the magnetic storage apparatus of the present
invention, the driving unit can be constructed with a spindle
for rotating and driving the magnetic recording medium. It
is desirable that the velocity of rotation of the spindle is
3000 revolutions per minute to 20000 revolutions per minute.
If the velocity of rotation of the spindle is slower than
3000 revolutions per minute, the data transfer speed is low,
which is not preferred. If the velocity of rotation of the
spindle exceeds 20000 revolutions per minute, the noise and
the heat generation of the spindle are increased, which is
not desirable. Taking the velocity of rotation as described
above into consideration, the optimum relative velocity

between the magnetic recording medium and the magnetic head

is 2 m/second to 30 m/second.
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is provided with the magnetic recording mediumaccording to any one of the
first to third aspects of the present invention. Therefore, even when
information is recorded at a high areal recording density, the information
<dn be reproduced at high S/N. Further, the nagnetic storage apparatus
possesses excellent thermal fluctuation resistance. In the nmagnetic storage
apparatus of the present invention, the nagnetic head nmay conprise a
recording nagnetic head for recording information on the magnetic

recordi ng nedium and a o] j eti.C a epr oduci ng
i nformation recorded onBﬁﬁgﬁngg%gg?gg?ggoégi%gﬁ ﬁ%%?%ﬁ?élt is desirable
that the gap length of the recording nagnetic head is 0.2 mto 0.02 m |f

the gap length exceeds 0.2 m it is difficult to performrecording at a

high |inear regording density of not.l ] 09. kFCL LS:djfLi
Eg producefa r ﬁgrd'nﬁgﬂgﬁdaﬁEgﬁﬁﬂgélﬁggaféﬁgﬁﬁf §ﬁ§§|%%lbﬁgﬁ5§}gé éicrnt

e case of such a recordin d th i tends._t d 2d_d
the of at | BA90CEEECFPFOPRYNANIRO R8N 2 TRE I LBy 58uEN Ao FagALE & KERt 6Bn be
constructed Sé as@ng a na&ne oresi stance effect elenent. It is desirable
that the PEPHBAGEt LBnELAMBLE tfnterval of the reproducing magnetic head is

0.2 Rmto 0.02 ~tm _Th duct i on_ shi i di
Uhe ropr oduci nE1Res8) AEPEREE SRELLEBPORP PGT PRRT BROLFBA o R EFCRAPer val

is, the hi%her the . . . .
of a recording layer of the magnetic recording medium.

Fig. 3 shows a schematic plan view illustrating a
magnetic storage apparatus according to the present
invention.

Fig. 4 shows results of measurement of electromagnetic
conversion characteristics of the magnetic recording medium
produced in Example 1.

Fig. 5 shows a schematic sectional view illustrating a
magnetic recording medium produced in Example 7.

Fig. 6 shows a Kerr rotation angle curve with respect to
the external magnetic field exerted on a magnetic recording
medium produced by plasma-etching a surface of a soft
magnetic layer.

Fig. 7 shows images observed with TEM for recording
layers of magnetic recording media, wherein Fig. 7(a) shows
the image observed with TEM for the recording layer of the
magnetic recording medium produced by plasma-etching the
surface of the soft magnetic layer, and Fig. 7(b) shows the

image observed with TEM for the recording layer of the
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resolution is. It is desirable that the lower limt value of the
reproduction shield interval is appropriately selected wthin the range
descri bed above, depending on, for exanple, the stability of the el enent,
the reliability, the electric resistance characteristics, and the output.
In the magnetic storage apparatus of the present invention, the driving

R T N ok iy

magneti c redor ng ITe Sira oCl otation
of the spindle i § Q0 reyol utiqn [ mg.n 0 reval yti ons per
minute. - PRaeRg SerBarey tHE rHELBNEAEe Birothl: airE PasurRiE thrER® Sooo
revol uti ons per,.m nyt t he g_ transt.er eed.is Low, .g@i .S _not
preferred. If ?ﬁg'v§|§PPP§ 8 %%gﬁgéﬁ nlgguéﬁgg%éaﬁngﬁg g%c Sggr5083o
revol utions g%r ninu%e %hgt% I se %%d sth heat. %eggrati%n gf tﬁe S Endle
are incr eSE88 FAkhIERE SsDPEREES PEk RGP OFeFSSPEIIBE A8¥E Pon as
described _above into_consideratian, the optinumrelative. velocit bet ween
the magnePlc RAREEGEn] RO tIOa e iRe RREREL: gad B (Pd 3 RFBeRofASEo 30
m second. gogﬁﬁlEF DESCRI PTI ON OF THE DRAW N Fi%. 1 shows a schematic
sect i onal OF &RS MRILELAE F§CRT IHRGn BEAL UM PEPGUSEIndi RHASEE5LECRI ™0 t he
present in entiog pro%uc%q in Exanple 1. Fig. 2 S%Bﬁnatic§lkx SE§MG a
cross-secF'&néPr AF§c Ldr Eheppoft, Bagngttig ﬂé&@F'oP & 9ag e c SPRYSr i ng
medi um case of the magnetic recording medium produced without
performing any plasma etching for the surface of the soft
magnetic layer.

Fig. 9 shows images observed with AFM, wherein Fig. 9(a)
shows the image observed with AFM for the surface of the soft
magnetic layer before performing the plasma etching, and Fig.
9(b) shows the image observed with AFM for the surface of the
soft magnetic layer after performing the plasma etching.

Fig. 10 shows an image observed with MFM for a repeating
pattern recorded in a recording layer of a magnetic recording
medium produced by plasma-etching a soft magnetic layer.

Fig. 11 shows images observed with MFM obtained when a
repeating pattern was overwritten at mutually different
linear recording densities in a recording layer of a magnetic
recording medium produced by plasma-etching a soft magnetic
layer.

Fig. 12 schematically shows a cross-sectional structure

of a magnetic disk according to the present invention

produced in Example 10.
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Fig. 3 shows a schematic plan viewillustrating a nmagnetic storage
apparatus according to the present invention. Fig. 4 shows results of
measur enent of el ectronmagnetic conversion characteristics of the nagnetic
tecordi ng nmedium produced in Exanple 1. Fig. 5 shows a schematic sectiona
view illustrating a magnetic recording nmedi um produced in Exanple 7. Fig.

6 shows a KerrFaggaﬁbogh?les EdbrE Tﬁiﬂsﬁ?é?%ﬁ%OEQSugﬁgySft?EeékdggﬁnetiC

field exerted O magneti c recording nediump uce pl asma-e ing a

surface o0nd 38bLoalB9Sh! EnLayBLer Th8ict BBONSGHERGRSgperyad vl (h TEM

for recording magnet c recor erern Frg. 7(a) shows

the | magecQlagiLed i th TEVLRAr ciBALEEad! BgahAigL g (bng, mmonet i c

recordi ng fredfum pfroduce | as g Stirface of the soft

magnet i c IayerFigpdgELgHE%gbg %FBY@ &Eﬁuakgggin§P§géﬁfgan%ggrégg%ggbgthe

recording | ayer magneti c recording medi um pro

performn n |lgsma.etching_for the.surface_of the soft _nagnetic |ayer.
Fro. o snong heoPsdRaRishy PhereslerytEid¥solBedpetaf Ahe R grains and
t he nunberagf gragﬁs of Eecording | ayers of nagnetic recording nedia,
wherei n FPY’ 8& f oW &3¢ase of the magneti c recordi ng nedi um produced

oy plasma-etchplg. 188 sR8hE25°s8hehd 875k TRgRASY' 6168y $11udRTat 1y 8(P)
magnetic recording medium according to the present invention

produced in Example 24.
BEST MODE FOR CARRYING OUT THE INVENTION

Examples of the magnetic recording medium according to
the present invention and the magnetic storage apparatus
based on the use of the same will be specifically explained
below with reference to the drawings. 1In Examples described
below, magnetic disks (hard disks) were produced as magnetic
recording media. However, the present invention is also
applicable to recording media of the type in which the
magnetic head and the magnetic recording medium make contact
during recording or reproduction, for example, in the case of

floppy disks, magnetic tapes, and magnetic cards.

Example 1

Fig. 1 shows a schematic sectional view illustrating a

magnetic recording medium according to the present invention.
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case of the magnetic recordi ng nmedi um produced w t hout performng any

pl asma etching for the surface of the soft magnetic layer. Fig. 9 shows

i mages observed with AFM wherein Fig. 9(a) shows the image observed with
AFM for. the surface of the soft nmagnetic |ayer before performing the

pl asma etching, and Fig. 9(b) shows the i nage observed with AFM for the

surface o hbhﬁaﬁﬁgi&c”E@ESEh&nhaégp%ﬁbézppg§6§BEEEQQ BhgoEEaﬁggnSESQing-

Fig. 10 shows an I mage observe repeatin a rn recorded

in a recog%&@Q béyﬁrfgkdal %thicar?%gﬁghﬁgg gﬁg&g”%ﬁ;ggg?SQe9¥iv

pl asnma- et ng a'soff magnetic Idyer. obServed with

VFM obtal Regeingn ana’ SPRRLIAMARR! 1S0A-NASAYE WELLLED B! HEUIHY S

di fferent I'near recording sitiesin arecording ayefr o

recor di ngRdLY0LPR agused By aPhBRIBAC Sl B9oRuaehE TRATRELRochayer. Fig 12

schemati ca Shows Cro0ss-sectional cture di sk

hove o ¢ EprerAtpL Epazkn, THEChPdngl SPENC RuphgoRaRISHEptBune rind o8

characteri,stics, of netic disks of Exanples 10 to 14 and Conparative
Exanpl es gefgr?pegiggg?ﬂ'shoms atable illustrating results of recording

and reproductign ¢haLact ehkShhG8sCkullBARgES 19185509 4 FIAMRLES 12 8 23
mm was prepared. A film of Ti having a thicknesslof 5 nm was
formed as the adhesive layer 2 on the glass substrate 1 by
using a continuous sputtering apparatus.

Subsequently, a film of Fe,,Ta,C,, was formed to have a
film thickness of 400 nm as the soft magnetic layer 3 on the
adhesive layer 2. The formed film of Fe,,Ta,C,, was heated for
30 seconds at a temperature of 450 °C in vacuum with a carbon
heater, and then the film was gradually cooled. Thus, the
soft magnetic layer 3 containing microcrystals of Fe was
formed.

Subsequently, the substrate 1 was transferred to a
chamber of an alternate sputtering apparatus to form a film
of the seed layer 4 on the soft magnetic layer 3. When the
film of the seed layer 4 was formed, argon gas was introduced
into the chamber, while a Pd target was subjected to DC
sputtering, and an SiN target was subjected to RF sputtering.
Accordingly, the seed layer 4, which was composed of 73
atomic % of Pd, 26 atomic % of Si, and 1 atomic % of N, was

formed to have a film thickness of 5 nm on the soft magnetic
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JFig. 15 shows a schematic sectional view illustrating a magnetic recording
medi um according to the present invention produced in Exanple 24. BEST
MODE FOR CARRYI NG QUT THE | NVENTI ON Exanpl es of the magnetic recording
“medi um according to the present invention and the magnetic storage
apparatus based on the use of the same wll be specifically explained
belom/mﬁtf géie ence to the drawi ngs. In Exanpl es described bel ow,

magneti c ot %hard di sks) were produced as magnetic recording nedia.

ey e PEEREM LA | O PodoPRindPRay SRS %&ﬁgcgﬂdmlff@mof

t he type i n whi nmagnetic recording nmedi um neke

?FBLS;tdiﬁ@éﬁ“%%gﬁéfégfﬁapesaéeféﬂﬂgﬁhé 2 %%%%Eéﬁ Pt PHERSE O s a
schenatlcwﬁect% nalegéf¥&ﬁ# n% gtgnﬁggTﬁgyﬂggtl ol Qfgépgngegé%rhn]loo

accordi ng T 858h ron maghefic T ecordin

Conprlsgs g%%?gngﬁé%%cal+g%§5t§l¥ ?éyﬁgné?gfés1n%§§§999é9ﬁnﬁo£a¥eéo5’ a

protecti v rr-can er on a s rate aving a

dhesi
havi ng cubhract: anden edr hardrs uf A5, 8% (B8 FRRGEAS, £EFOLHLAY, TRVeRT 120
glass substrate 1 haying acdLapt gL el 5o PILLGEPE AR & bt T

havi ng a
and Pd layers were alternately stacked. The film thickness

of the Co layer per one layer was 0.12 nm, and the film
thickness of the Pd layer per one layer was 0.85 nm. The
numbers of stacked layers of the Pd layers and the Co layers
were twenty-six respectively.

Subsequently, the protective layer 6, which was composed
of amorphous carbon, was formed to have a film thickness of 3
nm on the recording layer 5 by means of the plasma CVD
method. After the protective layer 6 was formed, the
substrate was taken out of the film-forming apparatus.
Finally, a perfluoropolyether-based lubricant was applied
with a thickness of 1 nm on the protective layer 6 to form
the lubricant layer 7.

Thus, the magnetic recording medium 100 having the

stacked structure shown in Fig. 1 was produced.

Example 2

A magnetic recording medium was produced in the same

manner as in Example 1 except that Co was contained in the
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formed as the adhesive |ayer 2 on the glass substrate 1 by wusing a
continuous sputtering apparatus. Subsequently, a filmof Fe79Ta9Cl2 was
formed to have a filmthickness of 400 nmas the soft magnetic |ayer 3 on
% he adhesive layer 2. The fornmed filmof Fe79Ta9Cl2 was heated for 30
seconds at a tenperature of 450 Cin vacuumw th a carbon heater, and then

the fil dual | I : ' L Ni

i or f 3"3%%%ggi%"yé%mé@figﬁof?ﬁ%dggéébéégéanﬁ%f £f5Heg 8 pay £l SE"bAET 1O
transferred to . | i
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t he see ayer d 1k d d__inpt

wile s p %a@w%&sﬁbg”?s&eé\& 823%%3pﬁ%ﬁﬁf@béﬁg%ﬁénangﬁﬁﬁi keFaEorates

subj ecte . ter . [ d i

Somnezes sHBA Rk I Bron ST ohF ORISR SEPY LR hediolRER 1
ornmed to i t hi f.5 1 h i .
Subs$quen§p$¥ﬁt%§siEghpakﬁ ngiiéfaEOHEg}%S°§n885?§big?&ﬁggigtggckggféagture

was forned as, [ )t d, | 4, h d

f or ned, Deteﬁagté?PEbg%asa%BZifaFﬁﬁ gaﬁiPé VSgﬁ%a%8%§%§L8hPgB%i%%%Fﬁgmas

shutters for a Co _target and a Pd target in Ar gas to formthe recording

| ayer 5 HégpﬁﬁthéaXFgrficial lattice structure in which Co | ayers

Example 3

In Example 3, a recording layer having an artificial
lattice structure was formed such that Co layers each having
a film thickness of 0.15 nm and Pt layers each having a film
thickness of 0.85 nm were formed repeatedly in 15 cycles in
accordance with the alternate sputtering method. 1In order to
appropriately control the crystal growth of the recording
layer having such an artificial lattice structure, a seed
layer, which was composed of 73 atomic % of Pt, 26 atomic %
of Si, and 1 atomic % of N, was formed as the seed layer to
have a film thickness of 5 nm. Other than the above, a
magnetic recording medium was produced in the same manner as

in Example 1.

Example 4

Fig. 3 shows a schematic arrangement of a magnetic
storage apparatus 200 according to the present invention.

The magnetic storage apparatus 200 comprises the magnetic
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and Pd | ayers were alternately stacked. The filmthickness of the Co |ayer
per one layer was 0.12 nm and the film thickness of the Pd | ayer per one
| ayer was 0.85 nm The nunbers of stacked |ayers of the Pd |ayers and the
Co layers were twenty-six respectively. Subsequently, the protective |ayer
6, which was conposed of anorphous carbon, was forned to have a film

thi ckness gfoda iR ABAGOR 18607 d' 98rhayehy3yoHoMEBEE 18 1BCeBLoarRyBE

met hod. AF protective Iayer or e strate was taken

out of thgyf !rH*cBl?, thgh@pﬂgﬁfi%. rEEBi‘#ﬁ?{g e85l '%860108' %tSPHE'E Rased

| ubri cant mas W th ness o nm on pf ot ec ayer 6 to

form the eang haxardzlvlnasuna@elﬁaqegtm v&ﬁgoeggnﬁagﬁg;ag'ﬁggdhav'ng

t he stacEe ruc ure shown 1" was magneti c
o0 G e AU, 8y B YRR <R b D
N e L e e SR L R
S e8RS SEE Y Moo Mo S e,
atom ¢ @6%f Nthe %a%%% 1% %gc%gglﬁafhedlu%n?bbc l%%e inagnetic head 10
includes a single magnetic pole type writing element and a
GMR (Giant Magneto-Resistive) reading element. The magnetic
head 10 is provided at the tip of an arm of the head-driving
unit 11. The single magnetic pole type writing element of
the magnetic head 10 is capable of recording information on
the magnetic recording medium such that a magnetic field
corresponding to data to be recorded is applied to the
magnetic recording medium when the information is recorded.
The GMR reading element of the magnetic head 10 is capable of
reproducing information recorded on the magnetic recording
medium by detecting the change of leak magnetic field from
the magnetic recording medium. The recording and
reproduction signal-processing unit 12 is capable of encoding
data to be recorded on the magnetic recording medium 100 to
transmit a recording signal to the single magnetic pole type
writing element of the magnetic head 10. The recording and
reproduction signal-processing unit 12 is also capable of

decoding a reproduced signal from the magnetic recording

medium 100 detected by the GMR reading element of the
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_Exanple 3 In Exanple 3, a recording |ayer having an artificial

|attice

structure was forned such that Co | ayers each having a filmthickness of

0.15 nmand Pt layers each having a film thickness of 0.85 nmwere forned

-repeatedly in 15 cycles in accordance with the alternate sputtering

nethog. In order to appropriately control the crystal growh of the

recordin | ayer havi ng, such an artificial lattice structure, a seed
wiTRESELe AR

| ayer,

%s d"of 73 atomic %of Pt, 26 atomc % of Si, and 1
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recordi ng nedium . and a recorgzgﬁ?and.reproduc L Qn sigggtégﬁgcessing uni t
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the magnetic recording medium 100) to be 13 nm. The recorded

information was reproduced to evaluate the recording and

reproduction characteristics. As a result, 24.5 dB was

obtained as total S/N. The recording and reproduction were

successfully performed at a recording density of areal

recording density of 150 gigabits/square inch. The following

head seek test was performed. The magnetic head was

subjected to the seek one hundred thousand times from the

inner circumference to the outer circumference over the

magnetic recording medium. The bit error of the magnetic

recording medium was measured after the head seek test as

described above. As a result, the bit error number was not

more than 10 bits/surface. An average failure interval of

three hundred thousand hours was successfully achieved.

was determined by using the following expression.

S/N = 20109(So_p/Nrms)

S/N

In the expression, S, , represents the value which is a

half of the reproduced signal amplitude, zero point to the

peak (zero to peak), and N, represents the quadratic square
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GWR (G ant Magneto-Resistive) reading elenent. The magnetic head 10 is
provided at the tip of an armof the head-driving wunit 11. The single
magneti c pole type witing elenment of the magnetic head 10 is capabl e of
+ecording information on the magnetic recordi ng nedi um such that a
magnetic field corresponding to data to be recorded is applied to the

magnetic [ r di [ infar iQn.i d, ..The GWR
r eadi ng ewgﬁgnghggerﬁg #géﬁgﬁﬁéaﬂggg &g ?ggcggégﬁe&gggﬁgng5 gc?ng
informatiQn r rd n e magnetic recording medium by detecting the
change of ngggﬁgggg?? Z%?éld from the magnetic recording nmedium The
recordi ng and reproduction signal-processing unit 12 is capable of
encoding data to be recorded on the magnetic recordi ng nedium 100 to

transmt a recording signal tq th ingl e netic pole type witing
el ement of the magnetic head ?8@P$ﬁ§£+§8oFggﬁBE§n3 reproducti on
i | - i it.12 I o] f d di d d si I

fromthe nagneti B2BBESH FECORBANanT P00 el as: RAOHYCLHe BVEAPoRANRY o anont
of the 47 naﬁnetic heag 10'1Th$ nggne%i% s%ora e a%paratus %Oofa? descri bed
above wa@3BPEYeASt §0r EEBPRLENL oFAEEPSN thAteP A3¥6AAFPIBRSER QT PAnNEF

di d it f 100 BPI d t k _d i f 150 kTPl , whil
ot o i U EGTRRE Ao At rPEds PAYPR, CPaRe R ae T10B: LR RIRESO Aclhor t he

maj or magnetic pole of the magnetic head 10 and the surface of the
recordi ng | ayer of

Comparative Example 2
A magnetic recording medium was produced in the same

manner as in Example 3 except that a layer composed of Pt was

formed as a seed layer to have a film thickness of 5 nm.

Comparatjve Example 3

The magnetic recording medium of Comparative Example 1
was carried on the magnetic storage apparatus 200 shown in
Example 4 to evaluate recording and reproduction
characteristics. The recording and reproduction
characteristics were evaluated under a condition in which the
magnetic spacing was 13 nm, the linear recording density was
1000 kBPI, and the track density was 150 kTPI. As a result,
total S/N was 18.5 dB, and it was impossible to perform
sufficient recording and reproduction. Further, the
recording was performed at a recording density of 50
gigabits/square inch of the areal recording density. After

that, the following head seek test was performed. The
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,the magnetic recording nmedium 100) to be 13 nm The recorded information
was reproduced to evaluate the recording and reproduction characteristics.
As a result, 24.5 dB was obtained as total SIN The recording and

-r epr oduct

ion were successfully perforned at a recording density of areal

recording density of 150 gi gabits/square inch. The follow ng head seek
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obtained.

Measurement of Electromagnetic Conversion Characteristics

Next, the electromagnetic conversion characteristics of
the magnetic recording media of Examples 1 to 3 and
Comparative Examples 1 and 2 were measured by using a spin
stand recording and reproduction test (playback test)
machine. A composite type head of a single magnetic pole
type writing element and a GMR reading element was used as
the magnetic head for the recording and reproduction test
machine. The effective writing track width of the main pole
(major magnetic pole) of the single magnetic pole type
writing element was 10 nm, and Bs was 2.1 T. The effective
track width of the GMR element was 97 nm, and the shield
interval was 45 nm. When the recording and reproduction test
(playback test) was performed, the spacing distance between
the surface of the major magnetic pole of the single magnetic
pole type writing element of the magnetic head and the

surface of the recording layer of the magnetic recording
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formed as a seed layer to have a filmthickness of 5 nm Conparative
Exanpl e 2 A nmagnetic recordi ng nmedium was produced in the sane manner as
in Exanpl e 3 except that a | ayer conposed of Pt was fornmed as a seed | ayer
to have a filmthickness of 5 nm Conparative Exanple 3 The magnetic
recordi ng medi um of Conparative Exanple 1 was carried on the magnetic

storage appatatu 00 ,shown to _eval uate. recording and
reproductﬁ%ﬁ %ha?éc 8rB§t|chg5?E§gF§goF§|ngeg%arfgﬁpsdugt%g
characteri uat ed _under netic

spaci ng. vELeTSTRReRREIR, KBRS EFEaGRur rasﬁswﬁtavss 4508 nRER: 1Pafasehe

t k d t 150 kT As | t B dit

ILSSSSIEP ! yIBefﬁg §/P cFSﬁFES§§3PdPA§ %dsﬁg FggiétPB Eur?ﬂerl tngs
di d at di d bits/s h

Eoe oo L TR BB S ARl B0,

f d. The_49 t head t to th k hundr ed
thousand OBFRES -1 BREL AD ?ﬁa@cdeﬁ%gaﬁ%zeﬁe’e%fa% ﬁec’asp%re%%?xvceﬁ” gr ence
over the magneti gcor di ne% The bit error t he gnetlc recordlng
medi um wa$?@ 858&6& & £ P fe sE@Pr°98§Fda§18§§&rPHB&1 BgeWikh

result, the bit error_numher was not nore than 150 hits/surface. An

average fAPFBPSti iPelthsl tdMeoHRORUAAFdeRRQIHERAPY PRoLEENE1ABALs was

recorded at a linear recording density of 100 kFCI. As
clarified from Fig. 4, good S/N was obtained and the
resolution was high, i.e., not less than 18 % in each of the
magnetic recording media produced in Examples 1 to 3. On the
contrary, the resolution was less than 10 % in each of the
magnetic recording media of Comparative Examples. According
to this fact, it is appreciated that the transition noise is
reduced even in the high region, and both of the high
resolution and high S/N are satisfied in each of thé magnetic

recording media of Examples 1 to 3.

] . f ¢ _Secti 1 st l £ I 1
Next, the cross-sectional structure of the recording
layer of each of the magnetic recording media of Examples 1
to 3 was observed by using a high resolution transmission
electron microscope. Fig. 2 schematically shows a result of
the observation of the cross-sectional structure of the
recording layer 5 having the artificial lattice structure.

As shown in Fig. 2, the recording layer 5 was composed of
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obt ai ned. Measurenent of El ectromagnetic Conversion Characteristics Next,
t he el ectromagneti c conversion characteristics of the magnetic recording
medi a of Exanples 1 to 3 and Conparative Exanples 1 and 2 were neasured by
using a spin stand recording and reproduction test (playback test)

machi ne. A conposite type head of a single magnetic pole type witing

el enent and readin | enent. _was e the netic_head for the
recordi ng gﬁ%eggﬁggdﬁgtl%X%tggegrﬁégﬁigi e?ﬁg BFV&Bng uPPﬁ§ track width
of the main_pol e or net i ole) of t o] net|c l e type
oriting oPBRETECFAS TR %gntpgsrﬁagr%afeﬁ Tﬁecﬁ pE ERBoctyBsad i ot hoof
the GWR el enent gg nter g nnt When t he
recordinggﬁﬁ&nﬁegﬁogaétﬂgh rlEB ayb R FéQWf ﬁés pBFf PRe8TOFfe spaci ng
di stance bet the s rfa e of the ma neti.c | e.of the single
nmagnet i c SS%EOPyBSrRFPEFﬁﬁ QFeﬁgnF%8fr%%§tﬁ8§n8¥F§ Egaghgnﬁoﬁﬁgna§8rface
of the recordin of th gnetic re g% nedi u s 13 nm

Resul ts o LY REAeHEHIBrBAS BPothg efecerd i BRe L4 LegRpEPs Poetucen
characteristics are shown in é b .4, Nd represents S/N at 500
KFCl, and® &@ uPBﬁF@QéﬁtEOFﬁéoaungP r &861 & %Sﬁm8?$|885t59ntﬁe°§olPFary wave
output The t hernal denaﬂnetlzatlon ratio represents the ratio of the

change of NERESPBErEdaLed §|§H§¢a§ﬁpPFtGB€ frvatalegpadp wWest Re M- ne Itpon

t he reproduction qf the S|%n
1s considered that the magnetic coupling force in the in-

plane direction is reduced, the minute recording bit is
stable, and the linearity of the magnetization transition
area is improved, because the recording layer 5 is composed
of the columnar crystal grains as described above.

As understood from the result of the thermal decay ratio
at 24 °C shown in Fig. 4, no thermal decay was observed in
each of the magnetic recording media of Examples 1 to 3. On
the contrary, the decay due to the thermal fluctuation was
conspicuously observed in each of the magnetic recording
media of Comparative Examples 1 and 2. This result indicates
the following fact. That is, the magnetization transition
area of the recording layer is distinct, and the linearity is
high in each of the magnetic recording media of Examples 1 to
3. On the contrary, in each of the magnetic recording media
of Comparative Examples 1 and 2, the magnetization transition
area is disordered, and the medium tends to undergo any
thermal fluctuation. The error rate was measured at 1000

kBPI in an on-track manner. As a result, the error rate was
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recorded at a linear recording density of 100 kFCl. As clarified fromFig.
4, good S/ N was obtained and the resolution was high, i.e., not |ess than
18 % in each of the magnetic recording nedia produced in Exanples 1 to 3.
On the contrary, the resolution was |less than 10 %in each of the
magnetic recording nmedia of Cbnparative Exanples According to this fact,

't is appheei ged Lhah NG GoaSi RS S gaﬂ%%%g] d 28 ding he hi oh

regi on, high r €50/ on “an CAEH |ed in each

of the ma i.a les 1.t servation
C}oss-Secggon3I°f %%@gg;g gf% ecordﬁﬁ nﬁgngntﬁng’ %ﬁg EF58¢- §§gFional
structure f th cor ayer Qf each f magneti ¢ .recordi medi a of
Exanpl es Yg t8° %@83\/ ¥( usrlﬁlg egcﬁl. &{I%elfoﬁ@tgin&%ltcr ETEME: r5‘581

el ectron m gL9sgapa enat cal 0 a result of the
observatigﬁ 5f P%e SPBSgagéXFr ﬁgppgfﬁu&tﬁp 2? the recording layer 5
having the artificial lattice structure. As shown in Fig. 2, the recording
| ayer 5 was conposed of 51 aggregates of crystal grains 31 each having a

columar configuration. The upper Surfaﬁe gf each of the crystal grains
31 was hem spheri cal . The di anet er ross section perpendicular to

the rotation axis_of t golunnar % grarn was about nm_.and t he
di fference h b&PwESATP ﬁe pBéPﬁD§¥Pﬁ rP oW ANghdCt KEPE Pﬁoyﬁdﬂértron B
of the henls E re_of tg surface ge taI arn was 2 nm It

es 1 to ? were pro uce e sa e manner as 1in

Example 1 except that the composition of the seed layer was
changed to have values shown in the following table. S/Nd,
Re, and the thermal demagnetization ratio were measured for
the obtained nine types of the magnetic recording media by
using the spin stand recording and reproduction test machine
in the same manner as in the measurement of the
electromagnetic conversion characteristics described above.

Results of the measurement are shown in the following table.
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Js considered that the magnetic coupling force in the in- plane direction
Is reduced, the mnute recording bit is stable, and the linearity of the
magneti zation transition area is inproved, because the recording |ayer 5

1 s conposed of the columar crystal grains as described above. As
understood fromthe result of the thermal decay ratio at 24 C shown in
Fig. 4, no thernal decay was observeg_j ach of the magnetic recording
medi a of Exanples 1 to 3. On the coﬂ?hgﬁyi t he decay due to the thermnal
fluctuati on was conspi cuously observed in each of the magnetic recording

nmedi a of Conparative Exanples 1 and 2. This result indicates the follow ng

fact Th 1 | c 1‘ hn maonet i zat i E f } L oh /ore > uf t he—Fecor a' g ! aye | S
distinct] and the IlneaF?W9°§§ lﬂPgﬂ in eaoﬁ NE{RE rragnet\Tzl ding
medi a of | Exanpl es 1 Q?V%?e contrary, each .o net.i
recording nmedia of Corrpaﬁ% ¥hanples 1 éﬁl )2 (ilt%He ﬁ’?tcl trl‘”‘?}r}o
transition area is-disordered,—and—thenedi umtends t) undéﬁqp
thermal f{luctuation. fﬁ% erro?lrate wﬂs measured|at 100
on-track|manner. As a resullt, the grror ratle was|52 nof nore than 1 X 1D-5
I n each of the nagne(?% ¥ bddr ﬁ? fédi & of Exanples 1|to 3. On the
contrary]l the errorl rate was not lless than 1 x 10-' in each of the
nmagnet i c| PaBBLEI Ag | neth a of Zbnparlative Exdmples2P-ang 2. Exaflple 5 In
Exanple b,__nine types of gnetic rlecordi ng nedi 3

Sample 2 70 20 10 15.0 | 20.6 0

Sample 3 70 29.5 0.5 15.1 |20.3 0

Sample 4 79 20 1 14.9 [19.0 0

Sample 5 80 10 10 14.8 119.1 0

Sample 6 60 30 10 14.7 [ 19.0 0

Sample 7 55 35 10 14.6 | 19.0 0

Sample 8 920 5 5 10.0 8.5 -5.5

Sample 9 40 50 10 8.0 8.2 -6.0

As appreciated from Table 1 depicted above, extremely
excellent S/Nd of not less than 14.6 % was obtained in each
of the magnetic recording media of Samples 1 to 7. The
resolution was also high, i.e., not less than 19 %. That is,
high S/N and the high resolution were realized. No thermal
decay was observed in each of the magnetic recording media of
Samples 1 to 7. It is understood that the thermal stability
is high. On the other hand, both of S/Nd and the resolution
were low in each of the magnetic recording media of Samples 8

and 9. Further, the thermal decay was observed. According
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{Sanples 1 to 9) were produced in the same manner as in Exanple 1 except
that the conposition of the seed |ayer was changed to have val ues shown in
the following table. S/Nd, Re, and the thermal denagnetization ratio were
nmeasured for the obtained nine types of the magnetic recordi ng nedi a by
using the spin stand recordi ng and reproduction test machine in the sane

TRNNer asejn.h e AEASUECRRRE 0hekiNgyo§ReCt EOTRIRGHLGACRBNCL 5 ON

characteri'sti'cs déescri ove. hé neasur éfnen re shown in
| ayer (dB) LR RELE0LT bitdnpd & af BRRcERhaT Ly duvop i Sprarobgosaabre
1520015 S8R Be g EAREMIRER IR TR0 8O0 TR 1 k2R R
composition of the seed layer of PdSiN of the magnetic
recording medium satisfies that Pd is 50 atomic % to 80

atomic %, Si is 10 atomic % to 35 atomic %, and N is 0.1

atomic % to 10 atomic %.

Example 6

In Example 6, nine types of magnetic recording media
(Samples 10 to 18) were produced in the same manner as in
Example 3 except that the composition of the seed layer was
changed to have values shown in the following Table 2. S/Nd,
Re, and the thermal decay ratio were measured for the
obtained nine types of the magnetic recording media by using
the spin stand recording and reproduction test machine in the
same manner as in the measurement of the electromagnetic
conversion characteristics described above. Results of the

measurement are shown in the following Table 2.
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-Sanmpl e 660301014. 719. 00 Sanpl e 755351014. 619. 00 Sanpl e 8905510. 08.5-5.5
Sanpl e 94050108. 08. 2-6.0 As appreciated from Table 1 depicted above,
extrenely excellent S/Nd of not |less than 14.6 % was obtained in each of
“the magnetic recording nedia of Sanples 1 to 7. The resolution was al so
high, i.e., not less than 19 % That is, high S/N and the high resol ution
were realized. No thermal decay waﬁﬁggggﬁﬁed i n each of the nmagnetic
recording nmedia of Sanples 1 to 7. nder stood that the thernmal
stability is high. On the other hand, both of S/Nd and the resolution
were |l ow in each of the nagnetic recording medi a of Sanples 8 and 9.

cprar o ona EA +6 +he ocul + o

gg;:??[)’edtgge\t/e?r“ S co SI Ztr%bé‘ﬁ] r%ﬁa\fel%/b hi gh S/ﬂl%]rfﬁg he _
éiLgf:;ﬁlY 3%22 {ﬁ; |Uth§8$ ﬁgxgggalﬂgdse {H%tye§%£$rFUSQStablll ‘ﬁe;netic
afon ¢ ot ?Sé“ﬁi‘“”%ﬁ G510 b T atquic %lto 10 |atom &/96cHEhpl & 6
wer 6. pr dduced Ph”ﬁéxﬁaﬁe%ﬁ”ﬁg??t Coh B 3 excdot that the |
CoMpoSI o A P reege+HayelgHuas—— 14.6 [ 18.2 0

Sample 11 70 20 10 14.4 (18.0 0

Sample 12 70 29.5 0.5 14.5 {18.1 0

Sample 13 79 20 1 14.0 | 18.0 0

Sample 14 80 10 10 14.0 {17.9 0

Sample 15 60 30 10 13.9 | 18.0 0

Sample 16 55 35 10 13.9 |17.8 0

Sample 17 90 5 5 8.8 7.5 -6.2

Sample 18 40 50 10 6.8 7.0 -5.6

As appreciated from Table 2, extremely excellent S/Nd of
not less than 14.6 % was obtained in each of the magnetic
recording media of Samples 10 to 16. The resolution was also
high, i.e., not less than 19 %$. That is, high S/N and the
high resolution were realized. No thermal decay was observed
in each of the magnetic recording media of Samples 10 to 16.
It is understood that the thermal stability is high. On the
other hand, both of S/Nd and the resolution were low in each
of the magnetic recording media of Samples 17 and 18.

Further, the thermal decay was observed. According to the
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changed to have values shown in the followng Table 2. S/Nd, Re, and the
thermal decay ratio were neasured for the obtained nine types of the
magneti c recording nmedia by using the spin stand recordi ng and
Teproduction test machine in the same manner as in the measurenment of the
el ectromagnetic conversion characteristics described above. Results of the

8 R e 30 BB kst U, S EHRLY 5,
o 8 RN A RS 8 s
Sanpl e 1563018131318 523 TRY® 11623321943 °1in8d the composition of
the seed layer of PtSiN of the magnetic recording medium
satisfies that Pt is 50 atomic % to 80 atomic %, Si is 10
atomic % to 35 atomic %, and N is 0.1 atomic % to 10

atomic %.

Example 7

Fig. 5 shows a schematic sectional view illustrating a
magnetic recording medium according to Example 7. The
magnetic recording medium 500 comprises a soft magnetic layer
53, a seed layer 54, a recording layer 55, a protective layer
56, and a lubricant layer 57 on a substrate 1. The magnetic
recording medium as described above was produced as follows.

At first, the glass substrate 1 having a diameter of 65
mm was prepared. A film of Fe,,Ta,C,, was formed to have a
film thickness of 400 nm as the soft magnetic layer 53 on the
glass substrate 1. 1In order to enhance the saturation
magnetization of the formed film of Fe,Ta,C,,, the film was
heated for 30 seconds at a temperature of 400 °C in vacuum
with a carbon heater, and then the film was gradually cooled.
After the heating treatment as described above, the surface
of the soft magnetic layer 53 was subjected to a plasma
etching treatment. The plasma etching treatment was

performed for 120 seconds at an Ar gas pressure of 0.9 Pa
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.Sanpl e 1790558. 87.5-6.2 Sanpl e 184050106. 87.0-5.6 As appreci ated from Tabl e
2, extrenely excellent S/INd of not less than 14.6 % was obtai ned in each
of the magnetic recording nedia of Sanples 10 to 16. The resol ution was
~also high, i.e., not less than 19 % That is, high S/N and the high
resolution were realized. No thermal decay was observed in each of the

magneti c r.ecor di | nples 10 to 16. It is understood that the
t her mal s"f%o Ialtﬂ;cg"fers?ﬂc%fahﬁom%'t he other hand, both of S/Nd and the
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sputtering. Accordingly, the seed layer 54, which was

composed of 70 atomic % of Pd, 20 atomic % of Si, and 10

atomic % of N, was formed to have a film thickness of 3 nm on

the soft magnetic layer 53.

Subsequently, the recording layer 55 having an

artificial lattice structure was formed as a film on the seed

layer 54. When the recording layer 55 was formed, DC

sputtering was performed while alternately opening/closing

shutters for a Co target and a Pd target in Ar gas to form

the recording layer 55 having the artificial lattice

structure in which Co layers and Pd layers were alternately

stacked. The film thickness of the Co layer per one layer

was 0.2 nm, and the film thickness of the Pd layer per one

layer was 0.8 nm. The numbers of stacked layers of the Pd

layers and the Co layers were twenty-six respectively.

Subsequently, the protective layer 56, which was
composed of amorphous carbon, was formed to have a film

thickness of 3 nm on the recording layer 55 by means of the

plasma CVD method. After the protective layer 56 was formed,
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.recording nedium as descri bed above was produced as follows. At first, the
gl ass substrate 1 having a dianeter of 65 mmwas prepared. A film of
Fe79Ta9Cl2 was forned to have a filmthickness of 400 nmas the soft
~magnetic |layer 53 on the glass substrate 1. In order to enhance the
saturation nmagnetization of the fornmed filmof Fe79Ta9Cl2, the fil mwas
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Fhe hBREEFenF o) 872855 Tuhen the filmof the s the seed |ayer 54

on the so Fan E32'wen the filmof the seed | ayer 54 was
into.the ch
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as a filnbggshgee%gﬁgng for the surface of the soft magnetic layer, a
magnetic recording medium was produced in the same manner as
described above except that the surface of the soft magnetic
layer was not subjected to the plasma etching.
The change of the Kerr rotation angle of the recording
layer was measured while applying an external magnetic field
in the vertical direction with respect to the film surface
for the magnetic recording medium having the surface of the
soft magnetic layer subjected to the etching treatment and
the magnetic recording medium having the surface of the soft
magnetic layer not subjected to the etching treatment. Fig.
6 shows a Kerr rotation angle curve with respect to the
external magnetic field for the magnetic recording medium
subjected to the etching treatment. The Kerr rotation angle
of the recording layer is proportional to the magnitude of
the magnetization of the recording layer. Therefore, the
Kerr rotation angle curve, which represents the relationship

between the Kerr rotation angle and the external magnetic

field, has a shape which is substantially equivalent to the
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Jayer 54. When the recording |ayer 55 was fornmed, DC sputtering was
performed while alternately opening/closing shutters for a Co target and a
Pd target in Ar gas to form the recording layer 55 having the artificial
‘lattice structure in which Co layers and Pd |ayers were alternately
stacked. The filmthickness of the Co | ayer per one layer was 0.2 nm and
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57. Thus, _the ga&geiic recgndigg iﬁdhug]éOO hﬁviﬂg.the stacked_structure
shown in BPgS*5ehB8pPBEANELEC OFCtHe™oTnEF WAAEY K GFBEFSEEY Afesti gate
the effect brought about by the plasnma etching for the surface of the soft
magnet i ¢ R&Y8M/dB)-pagierec eséddadiedy frem thenkery: setaddonn angdesame
manner as described above except that the surface of the soft nmagnetic
| ayer wascnovesubftcisdhevetihenptednhhaetchhegnudheathangmaghethie Kéeild
rotation angle of the recording

refers to the field in which reversed domains (domains which

have magnetization in the opposite direction) occurs when the

- external field is gradually applied in the opposite direction

after the magnetization of the medium was saturated

perpendicularly. That is the field at the shoulder of

perpendicular Kerr loop in the second quadrant in Fig. 6.

In the case of the magnetic recording medium subjected
to the etching treatment, the coercivity Hc was 3.9 kOe, the

negative nucleation magnetic field was -2.1 kOe, the slope at

the external magnetic field H = Hc, which is expressed as
4n(dM/dH) ., Was 1.4. On the other hand, in the case of the
magnetic recording medium not subjected to the etching
treatment, the coercivity Hc was 2.6 kOe, the nucleation
magnetic field was -1.6 kOe, the slope at the external
magnetic field H = Hc, which is expressed as 4n(dM/dH), ..,
was 1.8.

Next, the surfaces of the recording layers of the
magnetic recording medium subjected to the etching treatment

for the soft magnetic layer and the magnetic recording medium
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.layer was nmeasured while applying an external negnetic field in the
vertical direction with respect to the filmsurface for the magnetic
recordi ng medi um having the surface of the soft magnetic |ayer subjected
-to the etching treatnent and the nmagnetic recordi ng nmedi um having the
surface of the soft nagnetic |ayer not subjected to the etching treatnent.
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magnetic recording medium subjected to the etching treatment,
and the boundary between crystal grains, i.e., the crystal
grain boundary is extremely distinct. On the other hand, as
shown in Fig. 7(b), the crystal grain boundary was indistinct
in the recording layer of the magnetic recording medium not
subjected to the etching treatment, as compared with the
recording layer of the magnetic recording medium subjected to
the etching treatment.

The degree of dispersion (value obtained by dividing the
standard deviation by the average value) and the average
grain diameter of the crystal grains were determined from the
TEM image of the surface of the recording layer. Fig. 8
shows the relationship between the diameters of 610
individuals of crystal grains of the recording layer and the
number of crystal grains in histograms. Fig. 8(a) shows a
histogram of the magnetic recording medium subjected to the
etching treatment, and Fig. 8(b) shows a histogram of the

magnetic recording medium not subjected to the etching
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.perpendicularly. That is the field at the shoul der of perpendicul ar Kerr

| oop in the second quadrant in Fig. 6. In the case of the nmagnetic
recordi ng medi um subjected to the etching treatnment, the coercivity Hc was
3.9 kOe, the negative nucleation nagnetic field was -2.1 kCe, the slope at
t he external nagnetic field H = Fb which is expressed as 4n(dhﬂdkb,, .
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colunnar stakggralns ar e forned in the recording |ayer of the nagnetic
recordln tﬂ%&t%ﬁ Tt the etching treatnment, and the boundary
bet ween crystal grains, i.e., th I

y Thé’cross section gkqtﬁgtéged layer of the magnetic

recording medium subjected to the etching treatment was
observed with TEM. As a result, the seed layer had a
disordered structure. It is considered that the Co/Pd
initial layer can be formed in a dispersed manner on the
surface of the seed layer having such a disordered structure,
and the columnar crystal grains are grown in an isolated
state by using the unit of such a Co/Pd initial layer.

Next, the recording and reproduction test was performed
by using the spin stand recording and playback test machine
used in Example 1, for the magnetic recording medium
subjected to the etching treatment and the magnetic recording
medium not subjected to the etching treatment. As a result,
S/N of the magnetic recording medium subjected to the etching
treatment was higher than that of the magnetic recording
medium not subjected to the etching treatment by 1.6 dB.

An atomic force microscope (AFM) was used to measure the
surface roughness obtained immediately after forming the film

of the soft magnetic layer and the surface roughness obtained
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grain boundary is extrenely distinct. On the other hand, as shown in Fig.
7(b), the crystal grain boundary was indistinct in the recording |ayer of
t he magnetic recording nediumnot subjected to the etching treatnent, as
-conpared with the recording |ayer of the magnetic recordi ng nmedi um
subjected to the etching treatnment. The degree of dispersion (value
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was while the surface roughness of the soft magnetic layer
subjected to the plasma etching was 0.39 nm. It is
understood that the surface of the soft magnetic layer is
made flat by performing the plasma etching. It is considered
that the realization of the flat surface of the soft magnetic
layer brought about by the plasma etching contributes to the
improvement in S/N in the recording and reproduction
characteristics.

Next, the repeating pattern was recorded on the magnetic
recording medium subjected to the etching treatment at linear
recording densities of 100 kFCI, 200 kFCI, 300 kFCI, and 400
kFCI. The recording mark recorded in the recording layer was
observed with a magnetic force microscope (MFM). Fig. 10
shows an image observed with MFM. As understood from Fig.

10, the magnetization transition area is extremely distinct
even when the linear recording density is 400 KFCI.

Subsequently, the repeating pattern was recorded in the

recording layer at a linear recording density of 250 kFCI,

and then the recording head was subjected to off-track in an
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_Observed with TEM As a result, the seed |ayer had a disordered structure.
It is considered that the Co/Pd initial |ayer can be forned in a dispersed
manner on the surface of the seed |ayer having such a disordered
-structure, and the columar crystal grains are grown in an isolated state
by using the unit of such a Co/Pd initial l[ayer. Next, the recording and
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and then the recording head was subjected to off-track in an
amount of the head width to adjoin the repeating pattern so
that the repeating pattern was recorded at the same linear
recording density. The repeating pattern was overwritten at
a linear recording density of 250 kFCI at a substantially
central position in the widthwise direction of the track
between the obtained two arrays of the repeating patterns.
Fig. 11 shows images observed with MFM for the recording
layers in which the repeating pattern was overwritten at the
different linear recording densities on the repeating
pattern. As understood from Fig. 11, the overwritten
repeating pattern is very clear, and the old repeating
patterns, which exist on the both side of the overwritten
repeating pattern, remain without being erased. There is no
so-called erased side band. As said by this fact, it is
indicated that the track pitch of recorded patterns can be
reduced in the magnetic recording medium according to the

present invention, so that the medium is suitable for
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.Subjected to the plasma etching was 0.39 nm It is wunderstood that the
surface of the soft magnetic layer is nmade flat by performng the plasna
et chi ng.
-soft magnetic |ayer brought about by the plasma etching contributes to the
I nprovenent in SINin the recording and reproduction characteristics.

Next ,

t he

It is considered that the realization of the flat surface of the
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gnetic coupling force in ghe in-plane direction is further
reduced for the crystal grains owing to the distinct crystal
grain boundary as described above. Therefore, it is possible
to form the minute recording bit, and it is possible to
enhance the linearity of the magnetization transition area.
Accordingly, it is possible to perform the high density

recording, and it is possible to reproduce information

recorded at a high density with low noise.

Example 8

In Example 8, a magnetic recording medium was produced
in the same manner as in Example 5 except that the plasma
etching was performed with an Ar gas pressure of 0.9 Pa, a
power of 400 W, and an etching time of 10 seconds as the
plasma etching treatment for the surface of the soft magnetic
layer. The surface roughness of the soft magnetic layer
after the plasma etching was measured with AFM in the same
manner as in Example 5. As a result, the surface roughness

was 0.40 nm. The recording and reproduction test was
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.recording layer at a linear recording density of 100 kFCI, and then the
recordi ng head was subjected to off-track in an anmount of the head width
to adjoin the repeating pattern so that the repeating pattern was recorded
~at the sanme linear recording density. The repeating pattern was
overwitten at a linear recording density of 250 kFCl at a substantially
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is indicated that the track pitch of recorded patterns can be reduced in
t he magnetic recordi ng nedium according to the present invention, so that
the mediumis suitable for 64 nagneEic ricoEding with extrenely high track
density. According to the results above, the recording |layer, in
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etching was performed with an Ar gas pressure of 0.9 Pa, a
power of 600 W, and an etching time of 300 seconds as the
plasma etching treatment for the surface of the soft magnetic
layer. The surface roughness of the soft magnetic layer
after the plasma etching was measured with AFM in the same
manner as in Example 5. As a result, the surface roughness
was 0.20 nm. The recording and reproduction test was
performed with the spin stand in the same manner as in
Example 1. As a result, S/N was increased by 2.0 dB as
compared with a magnetic recording medium produced without
performing the etching treatment. Taking this result into
consideration in combination with the results obtained in
Examples 7 and 8 described above, it is understood that the

flatter the surface of the soft magnetic layer is, the more

improved S/N is.

Example 10

Fig. 12 shows a schematic sectional view illustrating a
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.layer of Pd-SiN on the flat soft nmagnetic |ayer. The nmagnetic coupling
force in the in-plane direction is further reduced for the crystal grains
owng to the distinct crystal grain boundary as descri bed above.
“Therefore, it is possible to formthe mnute recording bit, and it is
possible to enhance the linearity of the magnetization transition area.
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film was used for the soft magnetic layer 63, a Co/Pd

alternately stacked film (artificial lattice film) obtained

by alternately stacking Co and Pd was used for the recording

layer 65, and the seed layer 64 composed of the Fe oxide was

formed by means of the reactive sputtering method. The

magnetic disk 600 was produced in accordance with the

following method.

. E E .

A glass substrate having a diameter of 2.5 inches (about
6.25 cm) was used as the substrate 1 for the magnetic disk.
The FeTaC film was formed as the soft magnetic layer 63 on
the glass substrate 1 by means of the magnetron sputtering
method. An alloy having a composition of Fe,,Ta,C,, was used
as a target. The film thickness was 400 nm. A heating

treatment was applied in vacuum with a lamp to the film after
the film formation. The heating temperature was 450 °C. As

a result of the heating treatment, Fe microcrystals were

formed in the FeTaC film, and the soft magnetization
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.in the sane manner as in Exanple 5 except that the plasma etching was
performed with an Ar gas pressure of 0.9 Pa, a power of 600 W and an
etching tine of 300 seconds as the plasma etching treatnent for the
-surface of the soft magnetic |ayer. The surface roughness of the soft
magnetic |layer after the plasma etching was neasured with AFMin the sane

manner as hgrggggpigt§caﬁ%P§8%§§H[t, t he surface roughness was 0.20 nm

The recorﬁlng and repro est was performed with the spin stand in
the same manner as in Exanple 1. As a result, S/N was increased by 2.0 dB
as conpared with a magnetic recordi ng nmedi um produced w thout performng
the etching treatnent. Taking_thi sulLt.Lnto sideration in

conmbi nation with the results 7 and 8 descri bed above,
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FeTaC of Ar and oxygen (ratio of flow rate of oxygen with respect

to Ar = 20 %). Thus, the Fe oxide was accumulated to give a

film thickness of 5 nm.

Formation of Recording Layer

Subsequently, the Co/Pd alternate multilayered film was
produced as the recording layer 65 in accordance with the DC
sputtering method. At first, Pd was accumulated to have a
thickness of 5 nm on the seed layer, and Co and Pd were
alternately accumulated thereon. When the film of the Co/Pd
alternate multilayered film was formed, Co of a thickness of
0.11 nm and Pd of a thickness of 0.76 nm were alternately
stacked by opening/closing shutters for a Pd target and a Co
target. The numbers of stacked layers of the Co layers and
the Pd layers were twenty-six respectively. The substrate
was not heated during the formation of the Co/Pd alternate

multilayered film.
. ¢ .
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filmwas used for the soft magnetic |layer 63, a Co/Pd alternately stacked
film(artificial lattice film obtained by alternately stacking Co and Pd
was used for the recording |ayer 65, and the seed | ayer 64 conposed of the
-Fe oxide was fornmed by nmeans of the reactive sputtering nmethod. The
magneti c di sk 600 was produced in accordance wth the follow ng nethod.
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Subsequently, the seed | ayer 64 wa the soft nmagnetic |ayer 63
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in accordance with the high temperature oxidation method. A
method for forming the seed layer based on the high
temperature oxidation method will be described below. The
methods for forming the layers other than the method for
forming the seed layer were the same as those used in Example
10, explanation of which will be omitted.

The soft magnetic layer composed of FeTaC was formed on
the glass substrate in the same manner as in Example 10, to
which the heating treatment was applied with the lamp. After
the completion of the heating treatment, the product was
retained as it was in vacuum for 1 minute. After that, the
oxygen gas was introduced for 3 minutes at a flow rate of 200
sccm. The FeTaC film was exposed to the oxygen gas during
the period in which the FeTaC film was still at high
temperature brought about by the residual heat of the heat
treatment as described above. Thus, the film of the Fe
oxide, i.e., the seed layer was formed on the surface of the

FeTaC film. The film thickness of the seed layer was 5 nm.

The recording layer and the protective layer were formed

69



to Ar = 20 %9 . Thus, the Fe oxide was accunulated to give a filmthickness
of 5 nm Formation of Recording Layer Subsequently, the Co/Pd alternate

mul tilayered filmwas produced as the recording |layer 65 in accordance
"with the DC sputtering nethod. At first, Pd was accunul ated to have a

t hi ckness of 5 nmon the seed |ayer, and Co and Pd were alternately
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during the formation of the Co/Pd alternate nultilayered film Formation
of Protective Layer 68 Finally, a 0 filmwas formed to have a film
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was formed, then the DC magnetron sputtering method was used,

and an alloy having a composition of Co,,2r,,Ta, was used for a

target. The layer thickness was 400 nm. The methods for

forming the layers other than the method for forming the soft

magnetic layer were the same as those used in Example 10.

Example 13

In Example 13, a magnetic disk was produced in the same
manner as in Example 10 except that a Co/Pt alternate
multilayered film comprising alternately stacked Co and Pt
was used as a recording layer. When the Co/Pt alternate
multilayered film was formed, the DC sputtering method was
used. Pt was firstly accumulated on the seed layer to have a
thickness of 5 nm, and Co of a thickness of 0.12 nm and Pt of
a thickness of 0.80 nm were alternately stacked thereon. The
numbers of both of the stacked Pt layers and the stacked Co

layers were twenty-three. The substrate temperature was 250
°C during the formation of the Co/Pt alternate multilayered

film. The methods for forming the layers other than the
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.methods for formng the |ayers other than the nethod for formng the seed
| ayer were the sane as those used in Exanple 10, explanation of which wll
be omtted. The soft magnetic |ayer conposed of FeTaC was formed on the
gl ass substrate in the same manner as in Exanple 10, to which the heating
treatment was applied with the lamp. After the conpletion of the heating

treat nen q? Trols ned- #ﬁﬁ?y% %%n

Af ter thgﬂ ethid IEF(%)C:ygern t{/\nh%q': nt r(?g(Iﬁbl e(}' or r‘éﬁﬁ;{‘h??sa G ow rate of
200 scc T, s exposed to the oxygen gas during the period
200, SE e Felaald o

in which mwas still at high tenperature brought about by the
resi dual heat of the heat treatnent as described above. Thus, the film of
the Fe oxide, i.e., the seed | ayer was forned on the surface of the FeTaC
film The filmthickness of the segd Iaxerlﬁes 5 nm The recording |ayer
and the protective Iayer were for he seed | ayer as descri bed
above in the er in Exa Thus, the, ma etl di sk _was

pr oduced. Exaﬁ’%\n% I':]Xab‘z{rrﬁ é“algi1 éi Wcasdlpsq?% (,I}ed S he
same nmanner_as in Ex le .10 cept th ft ti.c f or med
by usi ng TETSR AF 17 FAARREE Uiis TR gl 1 dydh WHERTRER AT I t he

DC nagnetron putterlng thod was used, and an all oy haV|ng a conposition
of Co80Z°ESFh target. The | ayer thickness was 400 nm The
met hods for

In Reference Example 1, a magnetic disk was produced in
the same manner as in Example 10 except that the film

thickness of the seed layer was 40 nm.

Reference Example 2

In Reference Example 2, a magnetic disk was produced in
the same manner as in Example 10 except that the film

thickness of the seed layer was 50 nm.

Comparative Example 4
A magnetic disk was produced in the same manner as in

Example 10 except that no seed layer was provided.

A magnetic disk was produced in the same manner as in

Example 12 except that no seed layer was provided.
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_formng the layers other than the nethod for form ng the soft nmagnetic
| ayer were the sane as those used in Exanple 10. Exanple 13 In Exanple 13,
a magnetic di sk was produced in the sane manner as in Exanple 10 except

*that a Co/Pt alternate nultilayered filmconprising alternately stacked Co
and Pt was used as a recording |layer. Wien the Co/ Pt alternate
multilayered filmwas fornmed, the DC sputtering nethod was used. Pt was
firstly accunmul ated on the seed Iayer to have a thickness of 5 nm and Co
of a thickness of 0.12 nm and 5s f 0.80 nmwere
alternately stacked thereon i N of the stacked Pt |ayers
and the stacke

e t egperature was
250 C during h%a?g?ﬁ% ﬁ?%mggéaf%gé %r%g §Hﬁ &gﬁgg%e%p %?|W\ The
met hods f r_form t he | ayers, of her an_the 7 r formng the
recor di ng ¥3§8iem£?ee¥ﬁ%pgaﬁéagsn?h%%%g g% e? %§g§p$ggi%8'Exanple 14 In
Exanpl e 14, a magnetic di sk was produced in the sane nmanner as in Exanple
10 except that the filmthickness of the seed |layer was 30 nm Reference

Exanple 1 In Reference Exanplﬁ 1F a Eﬁgneﬁic dﬁskzmas produced in the sane
manner as in Exanple 10 excep rtkness of the seed | ayer
was 40 nm

A magnetic disk was produced in the same manner as in

Example 10 except that no soft magnetic layer was provided.

Evaluation of Media

The recording and reproduction characteristics of the
respective magnetic disks were evaluated after applying a
lubricant on the protective layer of each of the magnetic
disks of Examples 10 to 14, Comparative Examples 4 to 7, and
Reference Examples 1 and 2. A recording and reproducing
apparatus of the spin stand system was used to evaluate the
recording and playback characteristics. A thin film magnetic
head based on the use of a soft magnetic film having a
saturation magnetic flux density of 1.6 T was used for the
recording. A spin bulb type GMR magnetic head was used for

the reading. The gap length of the magnetic head was 0.12
um. The distance between the head surface and the disk

surface was maintained to be 20 nm.
Results of the evaluation for the magnetic disks of
Examples, Reference Examples, and Comparative Examples are

shown in a table in Fig. 13. In this case, LFop/Nd
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.Reference Exanple 2 In Reference Exanple 2, a magnetic disk was produced in
the same manner as in Exanple 10 except that the film thickness of the
seed | ayer was 50 nm Conparative Exanple 4 A magnetic di sk was produced in

“the same manner as in Exanple 10 except that no seed | ayer was provided.
Conparative Exanple 5 A magnetic di sk was produced in the sane manner as in

Exanpl e %@gg{&ﬁté hehe aéggﬁégﬁgén%e%gﬁgs& J&t&gggﬁfﬁi ve Exanple 6

A magnetic was produce e sane as In 13 except

L1, 0 e LS BT, T YO HEF, oF DR AY S RIRRLES abpaTayat 016 ok 1
bt L T
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D b no LA AR BRE B SRR P EnSRLY, )
thin filmmagnet) CendeA8 P58 20n 8cpsE o FodOlbaBINEYL Cob! LERRAVI NG &

and it is used as an index for the recording resolution.

In the case of the magnetic disks of Examples 10, 12,

and 13 in which the seed layer was formed to have a film

thickness of 5 nm by means of the reactive sputtering, it is

appreciated that high LFop/Nd and good D50 were obtained.

Also in the case of the magnetic disk of Example 11 in which

the seed layer was formed by means of the high temperature

oxidation method, excellent LFop/Nd and D50 were obtained.

In the case of the magnetic disk of Example 14 in which the

film thickness of the seed layer was 30 nm, the decrease in

D50 was observed, although high LFop/Nd was obtained. On the

other hand, in the case of the magnetic disks of Comparative

Examples 4 to 7 in which no seed layer was provided, LFop/Nd

was clearly low, although D50 was slightly high. Especially,

in the case of the magnetic disk of Comparative Example 7 in

which no soft magnetic layer was provided, LFop/Nd was

extremely low. In the case of the magnetic disks of

Reference Examples 1 and 2, D50 was slightly lowered,

although LFop/Nd was good, i.e., not less than 20 dB,

probably for the following reason. That is, the distance
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_saturation magnetic flux density of 1.6 T was used for the recording. A

-

spin bulb type GWR nmagnetic head was used for the reading. The gap length
of the magnetic head was 0.12 m The di stance between the head surface and

"the disk surface was maintained to be 20 nm Results of the evaluation for

the magnetic disks of Exanples, Reference Exanples, and Conparative

Exanpl es ﬁ‘é?xﬁeéﬂ‘-"%e'xge Lapke éle gggacﬁ é&‘f{hth%ﬁééf %Ef@é'\lga 2

represents eratio ween t e out put ned en a

si gnal oflgck%gﬁga &EQOEg'Eﬂed€ﬂ§bkys§éd19ay5 is recorded and Nd as the

noi se obtal ne en recordin orne 400 kFCl, and it is used as

an i ndex f or 5%@% ?%r&@@uPEdAH cRE0 BRBOERENLE bEechbngRbahegar o no

density at whi ere roduc i on ou OwWer e LFop, and
X on S HpRees %ﬁ%ﬁ%f@ér&BgnéEWeg' ki
formed to,_have a [l S. of f th reactiyv
sputter.ngravfm%§8135p?£%?§faa wﬁ3F0ﬁ?aReL¥%ﬁﬁﬁuaaﬁdaao #oBBoChETEron
he soed PROGH9EEoPr (BASE; "ralnd BESRRE nibrirenpePbitRed thebarlsn”
ragnet | o HER" GIOBRGRH e 41 1R T ERLARe ok i npckdct SFadateioraye
was 30 nmy.theqdgereaseotieaDER 4oen0RELYS o 2hhaRKIE RhoBn ERR! DY pas

magnetic layer or on the glass substrate in each of the

magnetic disks of Examples 10 to 13 and Comparative Example

7. Further, it was confirmed that the layer composed of the

Fe oxide was formed in a film thickness of about 30 nm in the

magnetic disk of Example 14.

Next, the magnetic disk of Example 11 was incorporated

into the magnetic disk apparatus shown in Fig. 3 in the same

manner as in Example 4 to evaluate the recording and playback

characteristics.

A signal (700 kFCI) corresponding to a surface density

of 40 Gb/inch?’ was recorded on the magnetic disk produced in

Example 11 to evaluate S/N of the disk. As a result, a value

of 34 dB was obtained. Further, the error rate was measured.

As a result, a value of not more than 1 x 10° was obtained

when no signal processing was performed.

Example 15

In Example 15, a magnetic disk was produced in the same
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.other hand, in the case of the nmagnetic disks of Conparative Exanples 4 to
7 in which no seed | ayer was provided, LFop/Nd was clearly |ow, although
D50 was slightly high. Especially, 1in the case of the nagnetic disk of
“Conpar ative Exanple 7 in which no soft magnetic |ayer was provided,
LFop/ Nd was extrenely low. In the case of the magnetic disks of Reference

Exafp'ﬁitﬁﬁéégrtﬁsﬁgﬁoﬂ%émiﬁsﬁgéééﬁﬁgﬁ%r%ﬂﬁe RorrR Aaveaneah HHRIEY S (ne
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i ncr eased thi Ck see | ayer i on of
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transni ssion €l ectron m crosco
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the  mmgnaryachi 928" aF e?%ﬁsﬁééﬁféa¥stf§ gha Scmpdth: FoRbERAnEPeary T
F3?323r.n'ésﬁ?Fﬁﬁfﬁfékﬁﬁis 52 thaueEasRRARA Are e%%gﬁEFpCF§p§%5§$h£§an|e

magnet | ¢ BFSR BRATaFOBCERBMAC FOE Be SXAAS, RRdoEhe TraRREAladePn Exampl e 4
to evalua%g meg %gcggggng %gqmeEXCﬁness of 5 nm.

Example 16

In Example 16, a magnetic disk was produced in the same
manner as in Example 15 except that the flow rate ratio of
oxygen gas with respect to Ar gas was 2.5 % when a seed layer

was formed by means of the reactive sputtering method.

Example 17

A magnetic disk was produced in the same manner as in
Example 15 except that a Co/Pt multilayered film obtained by
alternately stacking Co and Pt was used as a recording layer.
When the Co/Pt alternate multilayered film was formed, the DC
sputtering method was used. At first, Pt was accumulated to
have a thickness of 5 nm on the seed layer, and Co having a
thickness of 0.12 nm and Pt having a thickness of 0.80 nm
were alternately stacked thereon. The numbers of stacked

layers of the Co layers and the Pt layers were twenty-three

in both cases. The substrate temperature was 200 °C when the
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_Characteristics. A signal (700 kFCl) corresponding to a surface density of
40 Gb/inch' was recorded on the nagnetic disk produced in Exanple 11 to
evaluate SIN of the disk. As a result, a value of 34 dB was obtai ned.
*Further, the error rate was neasured. As a result, a value of not nore
than 1 x 10-5 was obtained when no signal processing was perforned.

Exanmple 1 et| d produced in the sane 74
manner asélépEgéﬁggggiééex%%g? %afe% gégﬁ V%ﬁefoﬁﬂggforned to contain Fe
oxi de and Fe netal. Wien the filmof the seed [|ayer was formed, the
reactive sputtering nethod was used to performDC sputtering with an Fe
target while introducing oxygen g at .a flowrate ratio of 6 %w th
respect to Ar gas As a result ofiﬁﬁ@ugﬁhgggring as descri bed above, the

d | he d d .t t al f to_h
LI m i cknesst Bt EXSRRT S EVB R onaanFhie, dhpk ceds, ProfiSea b Eheisate -

d d th Ex 5 t.that the flow rate
Patio of %€agaﬁn§§2§nmﬁaﬂﬂﬁis {2§seﬁfpt§g maiééé JR¥REV2S sEREmPdyer

was forned of th r eac S e nmet hod lle 17 A
nmagnet i c ﬁ? gPﬁdﬁBE aff Phe gﬁngeﬁé i BsYRH %&Hﬁﬁ?EBQSt%xcept t hat
a Co/ Pt ”Eéﬁ%%2¥§£§de{chfh8?ta' e etghlng treatment for the surface of

the seed layer was performed as follows. That is, the seed
layer was formed by means of the same method as that used in
Example 10, and then Ar gas at a flow rate to give a vacuum
degree of 0.9 Pa was introduced to perform RF sputtering
etching for the surface of the seed layer. The sputtering
etching time was 30 seconds. After performing the sputtering
etching as described above, the recording layer and the
protective layer were formed in accordance with the same
method as that used in Example 15 to produce the magnetic

disk.

Example 19

In Example 19, a magnetic disk was produced in the same
manner as in Example 15 except that the flow rate ratio of
oxygen gas with respect to Ar gas was 8 % when a seed layer

was formed by means of the reactive sputtering method.

Example 20

In Example 20, a magnetic disk was produced in the same
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Qlternately stacking Co and Pt was used as a recording |layer. \Wen the

Co/ Pt alternate nultilayered filmwas fornmed, the DC sputtering nethod was
used. At first, Pt was accunulated to have a thickness of 5 nmon the seed
" ayer, and Co having a thickness of 0.12 nmand Pt having a thickness of
0.80 nm were alternately stacked thereon. The nunbers of stacked |ayers

. I ~th i_n.both Th
subst r at & "Ry A Mpy PN Bl SR %h&?fﬁ%waia%etreﬁaaetﬁﬁj- | aé:r ed
i . Eﬁ@ I I . ti i sk uced in
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The. et ohi Nect Fogriech Y SRS, T2 e Fesp UL B ar P ekl or e

The et ching treatnment -for rforned as
follows. That is, the seed |ayer was forned by neans of the sane nethod as

that used in Exanple 10, and then Ar gas at a flowrate to give a vacuum

degree of 0.9 Pa was introduced to perform sputtering etching for the
surface of the seed | ayer. The sputﬁ%??ﬂ%e—giching time was 30 seconds.

After perform SQuUt tering_ _etchi.n s . described above, the recording
| ayer and the r}g’r E‘{;% | etzﬁdy@r W@Qﬂﬁ?ﬁ&f]ﬁ i &%c B3 _(,eél vIn:_t ﬁ:ﬁé%
met hod as mtarrlm%teru %%d J'.Inn E.J}Eé?nrm.lee 1155 etx%e%%o%']!lca% tahesee %g;le% walsS formed

to have a film thickness of 30 nm.

Example 22

In Example 22, a magnetic disk was produced in the same
manner as in Example 17 except that the flow rate ratio of
oxygen gas with respect to Ar gas was 8 % when a seed layer

was formed by means of the reactive sputtering method.

Example 23

In Example 23, a magnetic disk was produced in the same
manner as in Example 17 except that the flow rate ratio of
oxygen gas with respect to Ar gas was 1.5 % when a seed layer

was formed by means of the reactive sputtering method.

A lubricant was applied onto the protective layer of
each of the magnetic disks produced as described above, and
then the recording and playback characteristics of the
respective magnetic disks were evaluated by using the same

method as that used in "Evaluation of Medium" described
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-Exampl e 19 In Exanple 19, a negnetic disk was produced in the same manner
as in Exanple 15 except that the flowrate ratio of oxygen gas with
respect to Ar gas was 8 % when a seed layer was formed by neans of the

¥reactive sputtering nmethod. Exanple 20 In Exanple 20, a magnetic disk was
produced in the sane 76 manner as in Exanple 15 except that the flow rate

tio of en 4 A h e t 0 n a seed | ayer
&gslgorneﬁg ighea%gébri%h%ﬁgigc $$e92€%¥§g$9n%ﬁ%é?ﬁ%gg¥€§anple 21 In

Exanpl e i In th ane. . mnne S_in, Exanpl e
15 excepgé%%g?gggggé%f?%yég ﬁgé f%%ﬁ%%@ﬂY% %%§§e§}$,?h$? |%tn XURIES) nm
Exanpl e 2@5I90E%§nple 22, a magnetic disk was produced in the sane nanner
as in Exanpl e 17 except that the flowrate ratio of oxygen gas wth
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The atom number ratio (Fe,,./Fe,;) was determined as follows.
That is, the chemical state of the seed layer of the produced
magnetic disk was analyzed by means of the depth profile
analysis based on the use of the X-ray photoelectron
spectroscopy (XPS). The Fe spectrum of the seed layer
composed of Fe oxide and Fe metal was separated into two
types of peaks, i.e., the peak originating from oxide and the
peak originating from metal.

In the case of the magnetic disks of Examples 15 to 19,
22, and 23, high LFop/Nd of 21.5 to 27.1 dB was obtained.
Especially, it is appreciated that the magnetic disks of
Examples 15 to 19 were excellent in both of LFop/Nd and D50.
The value of Fe, /Fe,; of each of the magnetic disks of
Examples 15 to 19 was within a range of 0.02 < Fe,,/Fe,, <
0.2. In the case of the magnetic disk of Example 18 in which
the surface of the seed layer was subjected to the sputtering
etching, the value of LFop/Nd was extremely high, i.e., 27.1.
In the case of the magnetic disks of Examples 20 and 24 in
which the oxygen gas was 1.5 % when the seed layer was

formed, LFop/Nd was low, i.e., 15.7 dB and 14.8 dB
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each of the magnetic disks produced as descri bed above, and then the
recordi ng and pl ayback characteristics of the respective magnetic disks
were eval uated by using the sanme nethod as that used in "Eval uation of
Medi uni’ described 77 OP above. Fig. 14 shows the recording and pl ayback
characteristics of the respective magnetic disks of Exanples 15 to 23.

Fig. 14 3l30 ShQWRthe mald QaaGelel/deaxi ) pRet vepn dhe; o linbare of g ons of
& |n1@he % ﬁ he nu 0 éﬁ
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Ze?’ghlgge%;gqﬁ%ﬁi%&% }a%d)néan% .t | (&'hcgts kJ.Ss ,OftheEXp"?LrgR:li%%ml%rto%pl%1Vev?nsenvt\:ﬂ. thin

for constructing the recording layer increasingly adsorbed to
the Fe metal, and fine magnetic grains were hardly formed,
when the recording layer was formed on the seed layer,
because the Fe metal was contained in a relatively large
amount in the seed layer. 1In the case of the magnetic disk
of Example 22 in which the thickness of the seed layer was 30
nm, D50 was low, i.e., 144 KkFCI, probably for the following
reason. That is, the spacing distance between the magnetic
head and the soft magnetic layer was large due to the thick
film thickness of the seed layer. As a result, the magnetic
field from the magnetic head was not applied to the recording
layer at a sufficient magnetic field intensity.

Next, the magnetic disk of Example 15 was incorporated
into the magnetic disk apparatus shown in Fig. 3 in the same
manner as in Example 4 to evaluate the recording and
reproduction characteristics. A signal (700 KkFCI)
corresponding to a surface density of 40 Gb/inch®’ was
recorded on the magnetic disk of Example 15 to evaluate S/N

of the magnetic disk. As a result, a value of 36 dB was
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.0.2. In the case of the magnetic disk of Exanple 18 in which the surface
of the seed | ayer was subjected to the sputtering etching, the val ue of
LFop/ Nd was extrenely high, i.e., 27.1. 1In the case of the magnetic disks

r of Exanples 20 and 24 in which the oxygen gas was 1.5 % when the seed
| ayer was forned, LFop/Nd was low, i.e., 15.7 dB and 14.8 dB 78 r

nespectigéké%aﬁ@g ;8hg% o Qﬁk@%%&g&%gﬁgkb- % ﬁ@%guk%%?rsﬁ%TaTthe magneti c

di sks of 4 were respective hat is, in
t he case gf. the ic f | es _2Q ,an 4, .t Fe tal was
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magneti c _di sks f _qther anpl_es. Qrding to this fact, the follow ng
speculatpgh%ﬂ nﬁﬁff?ﬁbggéﬁﬁgﬁ%%é aﬁﬁiaﬁdéﬁWuwngroup el enent for
constructing the recording |ayer increasingly adsorbed to the Fe netal,
and fine magnetic grains were hardly fornmed, when the recording |ayer was

formed on the seed | ayer, because_the Fe tal was contained in a
relatively large amount in the se%ﬁam%£%rgfln the case of the magnetic
e TR ER T R R i Y
wes | br BURETIS CREQTHIND MAGI AORHERPIS Ao Shs NRpStitag & resul 1.
the manells iy heioh Y35 THISHLSo0h WS R A 1150 g e recording
magnetic layer 73 formed of a soft magnetic material, a first
seed layer 74 composed of oxide of Fe, a second seed layer 75
composed of Pd-SiN, a recording layer 76 formed of a hard
magnetic material, and a protective layer 77. A method for

producing the magnetic recording medium 700 will be explained

below.

Preparation of Substrate
At first, the glass substrate 1 having a diameter of 65
mm was prepared. A film of Ti having a thickness of 5 nm was
formed as an adhesive layer 72 on the glass substrate 1 by

using a continuous sputtering apparatus.

. c E .
Subsequently, a film of FeTaC was formed as the soft
magnetic layer 73 on the adhesive layer 72 by means of the DC

magnetron sputtering method. An alloy having a composition

of Fe,,Ta,C,, was used for a target. The film thickness was
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layer at a sufficient magnetic field intensity. Next, the magnetic disk of
Exanpl e 15 was incorporated into the magnetic di sk apparatus shown in Fig.
3 in the same manner as in Exanple 4 to evaluate the recording and
rreproduction characteristics. A signal (700 KFCl) corresponding to a
surface density of 40 Gb/inch2 was recorded on the magnetic di sk of

Exanple 1 o eval N g | Cc . di sk. ar % e of
36 dB was§9g BﬁfaiEggshgéftﬁgé,Epggggr?gghr8ge§§ﬁgé§%ééﬁ$%3$é%gg% fJr)gsult,
a value of not nore than 1 x 10'5 was qbtai ned when no signal processing

was perf of Ae8€CRRAApRE 24tRPRETREUERORS 4°8cHendR | FAGHER |WhE? &) f¥bon
illustrating a magnetic recordi ng nedi um of Exanple 24. The nagnetic

r ecor di nghgatieum #0d tbepritbesfidm wasupraduadly, caoiefit Hhymet tbel ayer 73
formed of a soft nagnetic material, a first seed |ayer 74 conposed of

oxi de of Feftamsgoehdcséepelraydrc@btadoapgsndcobcPisthlNs afr Beowdsng | ayer
76 formed of a hard magnetic material, and a protective layer 77. A nmethod
for prodfiormgdthe nagnetic recordi ng medi um 700 wi |l | be explained bel ow
Preparation of Substrate At first, the glass substrate 1 having a dianeter
of 65 mmwas prepared. A filmof Ti having a thickness of 5 nmwas forned
as an adhesive layer 72 on the gl ass substrate 1 by

Formation of First Seed Layer

Subsequently, the first seed layer 74 was formed on the
soft magnetic layer 73 by means of the reactive sputtering
method. When the film of the first seed layer 74 was formed,
an Fe target was subjected to DC sputtering, while
introducing a mixed gas of Ar and oxygen (flow rate ratio of
oxygen with respect to Ar = 20 %). Thus, Fe oxide was

accumulated to give a film thickness of 5 nm.

Formation of Second Seed Layver

Subsequently, the substrate 1 was transferred to a
chamber of an alternate sputtering apparatus, and a film of
the second seed layer 75 was formed on the first seed layer
74. When the film of the second seed layer 75 was formed,
then a Pd target was subjected to DC sputtering, and an SiN
target was subjected to RF sputtering, while introducing
argon gas into the chamber. Accordingly, the second seed
layer 75, which was composed of 73 atomic % of Pd, 26
atomic % of Si, and 1 atomic % of N, was formed to have a

film thickness of 5 nm on the first seed layer 74.
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.using a continuous sputtering apparatus. Formation of Soft Magnetic Layer
Subsequently, a filmof FeTaC was forned as the soft magnetic |ayer 73 on
t he adhesive layer 72 by nmeans of the DC rmagnetron sputtering nethod. An
~all oy having a conposition of Fe79Ta9Cl2 was used for a target. The film
t hi ckness was 80 400 nm Further, the fornmed filmof Fe79Ta9Cl2 was heat ed
for 30 seconds at a tenperature of 450 Cin vacuumw th a carbon heater,
and then the filmwas gradually cooled. Thus, the soft nagnetic |ayer 73

containing mcrocrystals of ke qﬁLﬂf”ﬂE%Br&}gﬂB%h&%%Of First. Seed Layer

Subsequently, the first seéed I aye S 10l soft magnetic

ayer T3 %, eaiBaghybheafeog CUpaPULALhOe L DOGs BN HialpL Of the

first seed |ayer " med
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opening/closing shutters for a Pd target and a Co target.

The numbers of stacked layers of the Co layers and the Pd

layers were twenty-six respectively.

. : ! , | Lubri

Subsequently, the protective layer 77 composed of
amorphous carbon was formed to have a film thickness of 3 nm
on the recording layer 76 by means of the plasma CVD method.
After the protective layer 77 was formed, the substrate was
taken out of the film-forming apparatus. Finally, a
perfluoropolyether-based lubricant was applied to give a
thickness of 1 nm on the protective layer 77 so that the
lubricant layer 78 was formed.

Thus, the magnetic recording medium 700 having the

stacked structure shown in Fig. 15 was produced.
The magnetic recording medium 700 produced as described
above was installed to the magnetic storage apparatus shown

in Fig. 3 in the same manner as in Example 4. The magnetic
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.target was subjected to RF sputtering, while introducing argon gas into

t he chanmber. Accordingly, the second seed |ayer 75, which was conposed of
73 atomic %of Pd, 26 atomc %of Si, and 1 atomc %of N, was forned to
~have a filmthickness of 5 nmon the first seed |layer 74. 81 Formation of
Recordi ng Layer Subsequently, a Co/Pd alternate nultilayered filmwas

Mhen the BePbads) FEPREREY:, ﬁ@ﬁ@ﬁ?@%&éhmmé&ﬁﬁﬁéfqu.
Lhi cknesspolyBad? MbAadBl; o BRuLG,A, grkﬁéngagarggﬁdggé wer gpalternatel y

stacked b pening/c 05| The

nurber s OhsBhagHoH bl ?Sﬁﬁﬁ AL St S
SubecauenL by g2 BFpE! Ok Eﬁé's?‘sfr@Cﬁﬁﬁgﬁgfﬁﬂd?e&s?ggﬁgh%?sfa?EOBy“ﬁZans
o e Bl SR SYB T el ot L 10 Begective Layer "L e formed, the
e PEa{th%ﬁarsﬁﬁL;segtﬁalﬁ U
Thus, the (IRonet b hesdr b0 PRdtumiop.D (LR oy BERY, SLr RELYT e show

was subjected to the seek one hundred thousand times from the

inner circumference to the outer circumference over the

magnetic recording medium. The bit error of the magnetic

recording medium was measured after the head seek test as

described above. As a result, the bit error number was not

more than 10 bits/surface. An averagqge failure interval of

three hundred thousand hours was successfully achieved.

Subsequently, the electromagnetic conversion

characteristics were measured for the magnetic recording

medium 700 by using the spin stand recording and playback

test machine under the same condition as that used in the

measurement of the electromagnetic conversion characteristics

described above. Results of the measurement are shown in

Table 3 below. In Table 3, S/Nd represents S/N at 500 kFCI,

and Re represents the output resolution divided by the

isolated read signal output. The thermal delay ratio

represents the ratio of the change of the read signal

amplitude with respect to the time obtained when a signal

recorded at a linear recording density of 100 kFCI was
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As understood from Table 3, good S/N was obtained in

Example 24.

i.e.,

Further, the resolution was also extremely high,

not less than 18 %.

According to this fact, it is

appreciated that the transition noise is reduced in the high

region, and both of the high resolution and high S/N are

satisfied in the magnetic disk of Example 24.

The cross-sectional structure of the recording layer of

the magnetic disk was observed with a high resolution

transmission electron microscope.

As a result, the recording

layer had a structure as shown in Fig. 2 in the same manner

as the magnetic recording media of Examples 1 to 3 described

above.

the rotation axis of the columnar crystal grain as shown in

Fig. 2 was about 8 nm, and the difference h between the

uppermost portion A and the lowermost portion B of the

hemisphere of the surface of the crystal grain was 2 nm.

is considered that the magnetic coupling force in the in-

The diameter d of the cross section perpendicular to

It

plane direction is reduced, the fine recording bit is stable,
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I sol ated read signal output. The thermal delay ratio represents the ratio
of the change of the read signal anplitude with respect to the tine
obt ai ned when a signal recorded at a |inear recording density of 100 kFC

- was 83 reproduced in an environment at 24 C. Table 3 S/INd (dB)Re (% Thernma
decay ratio (% decade) Exanple 2418.020.50 As understood from Table 3, good

EL gNhWa:. %Td?'ﬁd 1ides BT ot e Redneiz ngat%‘*;%r{ Traron B %S?EL?EFL%
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AR, i STRI

di sk was“b I eso I"on ransn155|on elec ron n1croscope
As a result, the re ordi %B/ had a structure as shown in Fig. 2 in the
sane rranr?éi’a gﬁ%&%“c ecordi ng nedi a of Exarrpl es 1 to 3 described

ZE?Z:a;fT?ﬁed'c%”sEt AR SR i PR AR (0 ey Chehpad” SRRV 6 o and
t [ he |
B of the TR SpndAP R P R TP e eaqmaa&éf%%xa&“a‘%rﬂ‘r’fﬂfO”'O”

observed for the magnetic recording medium of Example 24. It

“

is considered that the fact that the thermal decay was not
observed for the magnetic recording medium of Example 24
results from the fact that the magnetization transition area
of the recording layer is distinct, and the linearity is
enhanced. The error rate was measured in an on-track manner
at 1000 kBPI. As a result, the error rate was not more than
1 x 107 for the magnetic recording medium of Example 24 in

any case.

Example 25

In Example 25, magnetic recording media having the same
stacked structure as that of the magnetic recording medium
shown in Fig. 15 were produced. The seed layer containing
the Fe oxide and the Fe metal used in Example 18 was used for
the first seed layer 74, and the seed layer composed of PdSiN
used in Example 1 was used for the second seed layer 75. The
soft magnetic layer 73 and the first seed layer 74 on the
substrate 1 were formed by using the same method as that used

in Example 18. The second seed layer 75, the recording layer
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.i's considered that the magnetic coupling force in the in- plane direction
is reduced, the fine recording bit is stable, 84 and the linearity of the
magneti zation transition area is good, because the recording |ayer of the
“magneti c recording nediumof Exanple 24 is conposed of the col ummar

crystal grains as descri bed above. As appreciated fromthe result of the

t her mal ay a I eseri % r ecgy
observed 8 FHE h%BEg?Fge?e§8§8?n39ﬁegggn?gg E§899F5H§4E3&F9 ?g g%%%ldered
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demagnetization ratio were measured for the respective

OX|ge

produced magnetic recording media by using the spin stand
recording and reproduction test machine in the same manner as
in the measurement of the electromagnetic conversion
characteristics described above. Results of the measurement

are shown in Table 4 below.
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. Substrate 1 were fornmed by using the sane nethod as that used in Exanple
18. The second seed |l ayer 75, the recording |ayer 85 76, the protective

| ayer 77, and the lubricant |ayer 78 were forned by using the same net hod
as that used in Exanple 1. |In Exanple 25, seven types of magnetic
recording nedia (Sanples 15 to 21) were produced by varying the second
seed layer to have a variety of conpositions. The conpositions of the
second seed | ayers of the respective magnetic recording media are shown in
Table 4 below. S/Nd, Re, and the thg@ﬂﬁ&aﬁgenagnetization'ratio wer e
measured for the respective produc tic recording nedia by using the
spin stand recording and reproduction test machine in the sane nanner as

in the neasurenent of the el ectronmagnetic conversion characteristics
descri bed—above-—Results of the npasurenen shew—-A-—JTabte 86

Tgble 4 |Conposi tion of QQWRP§é§3fHEFH§iVségoﬁéﬁgéé%gréle}Zd§§%g?a%cay ratio
Pd Si N

Second seed layer (dB) | (%) decay ratio
Pd Si N (%/decade)
(at %) | (at %) | (at %)

Sample 15 75 20 5 15.5 | 21.5 0
Sample 16 70 20 10 15.5 | 21.1 0
Sample 17 70 29.5 0.5 15.4 | 21.0 0
Sample 18 79 20 1 15.0 | 20.0 0
Sample 19 80 10 10 14.8 | 19.5 0
Sample 20 60 30 10 14.7 [ 19.2 0
Sample 21 55 35 10 14.7 [19.3 0

As appreciated from the table shown above, good S/N of
not less than 14.7 dB was obtained for all of the samples.
Further, Re was also extremely high, i.e., not less than
19 $. That is, it is appreciated that the high resolution
and high S/N are realized in the magnetic recording medium of
Example 25. It is also appreciated that the magnetic
recording medium is excellent in thermal stability, because
no thermal decay was observed.

The magnetic recording medium of the present invention
has been specifically explained. However; the present

invention is not limited thereto, which may include a variety
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. (% decade) (at W(at %9 (at % Sanple 157520515.521.50 Sanpl e
1670201015. 521. 10 Sanpl e 177029. 50. 515. 421. 00 Sanpl e 187920115. 020. 00
Sanpl e 1980101014. 819. 50 Sanpl e 2060301014. 719. 20 Sanpl e 2155351014. 719. 30
As appreciated fromthe table shown above, good S/N of not less than 14.7
dB was obtained for all of the sanples Further, Re was also extrenely

Oh §-Ge 01 dESE LR ARkt TR inferdted SARBISRLALET (hat (he high

resolutlon are Tea nagne Cc réecordi ng nmedi um of
Exanpl e 25. It S also appreciated that the magnetic recording nmediumis
excellent in thermal stability, because no thermal decay was observed. The

magneti c recordi ng nmedi um o e has been specifically
expl ai ned. However, the pre&ghpgT@ﬁgg B%BEQEggﬁgggyln1ted t hereto, which
may include a variety 87 of nodified enbodi mrents and i nproved enbodi nents.
| NDUSTRI AL APPLI CABI LI TY In the magnetic recording nedi um according to t he

first aspect o e prese I nvention, the first see Iayer on al ng t he
Fe oxide is utherB Q& € PRI (FIW%%’:‘%H&% Beium according "to ¢

aspect of the present invention, the first seed layer
containing the Fe oxide is used as the underlying base for
the second seed layer containing one of Pd and Pt, Si, and N.
Therefore, the dispersion of Pd or Pt in SiN in the second
seed.layer is facilitated. Further, the recording layer is
provided on the second seed layer in which the dispersion of
Pd or Pt is facilitated. Therefore, the fine crystal grains
having the distinct grain boundary are formed in the
recording layer. Accordingly, the magnetic coupling force in
the in-plane direction of the recording layer is reduced.
Therefore, even when the linear recording density is
increased, information can be reproduced at low noise.

In the magnetic recording medium according to the second
aspect of the present invention, the seed layer containing
one of Pd and Pt, Si, and N is used as the underlying base
for the recording layer having the artificial lattice
structure. Therefore, it is possible to reduce the magnetic
coupling force in the in-plane direction of the recording
layer. Accordingly, the disturbance in the magnetization
transition area of the recording layer is reduced.

Therefore, even when the linear recording density is
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. the second seed | ayer containing one of Pd and Pt, Si, and N. Therefore,
the dispersion of Pd or Pt in SINin the second seed layer is facilitated.
Further, the recording layer is provided on the second seed |ayer in which
the dispersion of Pd or Pt is facilitated. Therefore, the fine crystal
grains having the distinct grain boundary are fornmed in the recording

Layer. AgGaliadly, SR ARMNRH oGOW 120 ORERd e b Hayleane direction

of the récording yer 1s reduced. ore, even when i near

reoor di ngJRRd Y ci dUR3Re o d AN SORAR® g QdleRdat | o

noi se. I n the mdgne recor accordi ng to the secC aspect of

the preseabuNELi Qe e 3580 Laues SOt aainge 91,00 80 ang By S and

N is use yi'ng base € recor ayer
artificial lattic tructure.. Therefaore, .it is si bl.e_tq reduce the
nagnetic%agg%%ﬂfngnﬁgP%%C%W ﬂﬁeu%ﬁ%bggngqﬁ ﬁgﬁﬁ%ﬁiq% Hﬁxgrfecording | ayer

Accordingly, the.di sturbance in the.mgneti.zation _tr.ansitiqn area of the
recordi ng |ay Piﬁi%‘ St fﬁ@?&%&? T éﬁmM%§$qﬁ%§W% ﬁ@érhfb5§P6: g
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aspect Ofsotfr?:e m%ﬁ;%se%q.tc il%\greer}.:[ ic%?n’potsbe% Sc";efeq:hleayseorftC ?nra]\tgi?liertl:iircl:g material

and the recording layer composed of the hard magnetic

material. Therefore, for example, even when the Co/Pt

artificial lattice film having high magnetic anisotropy is

used as the recording layer, then it is possible to make the

magnetic grains of the recording layer to be fine and minute,

and it is possible to form the minute magnetic domains in the

recording layer. Accordingly, the medium noise is reduced,

and information can be reproduced at high S/N. The recording

layer can be formed by using the artificial lattice film

having high magnetic anisotropy. Therefore, the magnetic

recording medium has high resistance to the thermal

fluctuation, and information can be recorded at a high

density.

According to the production method of the present
invention, it is possible to produce the magnetic recording
medium provided with the recording layer in which the

magnetic exchange coupling force in the in-plane direction is

reduced. Therefore, it is possible to provide the magnetic
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.the maj or conponent of the Fe oxide is provided between the soft nagnetic
| ayer conposed of the soft nagnetic nmaterial and the recording |ayer
conposed of the hard magnetic material. Therefore, for exanple, even when
"the Co/Pt artificial lattice filmhaving high magnetic anisotropy is used
as the recording layer, then it is possible to nake the nmagnetic grains of

t he recorQEBthﬁégrmbﬂigﬁnabﬁghaﬁgkggnﬂkepPsgﬁglEttBSrE?%§P9E§ tgikgrm the

m nut e magnetic mal ns | recording-layer. "Accor t he “medi um

noise 1S BHUGEYse, Al (hRRALIRN SBcEINREALOR fluGeACAL ByOn S/ N The

recordi ng ayer can usi ng e ar icra tice film having
i o 1651 ot ancanEo APRBSENG, AEPEoPR APBAZAES Sta P B ARERGn 1EGRTBEON
orosent v BREPERed) FLEL' ¥peliaBbttdS Fashed: PRonask: ECPeRardi Ry
Coupl i ng. PBYCERPOENEhEn AT e o FBIEFoRSPE Poicbie PREFRNGro, 11 1o
possi bl ¢ S8vBBE R c HRRFPRCT oL Bheh 02 aRRRbHoPods: dshosted Atof

or ovi ded BRER EABCHnGREPPALRGC APREAG InBl dACagLBPRIRG /CHUSERy 1BR of the
first to EQk&%ta§8?5%sgﬁgakg%s9%%%%?% centimeter), the information can

be reproduced at high S/N. Further, the magnetic storage

apparatus has the characteristics of high resistance to

thermal fluctuation.
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_invention. Therefore, even when information is recorded at a high areal
recordi ng density of 150 gigabits/square inch (about 23.25 gigabits/square
centineter), the information can be reproduced at high S/N. Further, the
magneti c storage apparatus has the characteristics of high resistance to
thermal fluctuation. 90 CLAIMS 1. A magnetic recordi ng nmedi um conpri si ng:

a substrate; a soft nmagnetic | ayer; éLAtﬁét seed | ayer containi ng oxi de of
Fe; a second seed | ayer containing Si;, N, and one of Pd and Pt; and a
recording layer. 2. The magnetic recordi ng nmedi um according to claim1,
wherein the recording layer is an artificial lattice film formed by

alternately stacking_a plat.inum gr.oup. tal. | ayer ed of at |east one
of Pt and Pd, Ttnd }&?qonf&é'rc r&)c%ﬁglglé‘f%\‘e%.m gz%"%%%% netic recording
medi um accordin (0 claim1, wherein the first seed |ayer contains Fe

exi sting as m?t%lu. SEraffy magneti c recordi ng medi umaccording to claim1,
wherein a content of Si in .the second seed layer is within a range of 10
atomc %to 3% i dhagn glaé’(ﬁﬁ’ent of Nis wthin a range of 0.1

- 0 5 0
atomc %to 1%E¥f¥gé:séed layer containing oxide of Fe;

a second seed layer containing Si, N, and one of Pd and
Pt; and

a recording layer.

2. The magnetic recording medium according to claim 1,
wherein the recording layer is an artificial lattice film
formed by alternately stacking a platinum group metal layer
composed of at least one of Pt and Pd, and a Co layer

composed of Co.

3. The magnetic recording medium according to claim 1,

wherein the first seed layer contains Fe existing as metal.

4. The magnetic recording medium according to claim 1,
wherein a content of Si in the second seed layer is within a
range of 10 atomic % to 35 atomic %, and a content of N is

within a range of 0.1 atomic % to 10 atomic %.

5. The magnetic recording medium according to claim 4,

wherein the second seed layer further contains Co.
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_ 5. The magnetic recording nedium according to claim4, wherein the second
seed | ayer further contains Co. 91 6. The magnetic recordi ng nedi um
according to claim1l1, wherein each of the first seed | ayer and the second
Seed layer has a filmthickness within a range of 1 nmto 30 nm 7. The
magneti c recordi ng medi um according to claim1, wherein the soft nagnetic
| ayer has a structure in which nitride or carbide of at |east one el enent
selected fromthe group consisting of Ta, Nb, and Zr is dispersed in Fe.

8. The nagnetkc re @%ﬁ@%gggggkughg%ﬁﬁ“ﬁbn%gﬁﬁ“@!%Egb}ﬂ&gﬁr§5€5&aERE1S°ft

magnetic |ayer ‘i s Oor 0y princi cont ai nirig

o 2 T o, T gl $336, 90558 SRR RS HRELAR, RS O oup

i recordi-ng nedi-um accor di ng

to claim1 erei_n t.he recording |ayer. is conpase f regat es of
crystal JP¥eks Nagaéh f&ﬁ“‘t RO ICHRAESS, wd1\£ 105 B A09Es O%nqan%g%f)u%@ap%'
configuration in a direction perpendicular to a surface of the substrate,
atip of each of the crystal grains is bulged on a surface of the

recording layer, a _dianmeter .i,n a cross sectj.on perpendi cular to.a rotation
i of the  Sof unle BagesiY, chopang MRdith PREBErS i s T

? gdlg E(ranlw nt e%.fn ttrlllee %%lf em%fgr}eril:elcc rl%sytez%:l h%rsalan sltsruvc\:'ittur:]clen i% thalnc%e of 1 nm

nitride or carbide of at least one element selected from the

group consisting of Ta, Nb, and Zr is dispersed in Fe.

8. The magnetic recording medium according to claim 1,
wherein the soft magnetic layer is formed of an amorphous
alloy principally containing Co-Zr and further containing at
lease one element selected from the group consisting of Ta,

Nb, and Ti.

9. The magnetic recording medium according to claim 1,
wherein the recording layer is composed of aggregates of
crystal grains, each of the crystal grains extends in a
columnar configuration in a direction perpendicular to a
surface of the substrate, a tip of each of the crystal grains
is bulged on a surface of the recording layer, a diameter in
a cross section perpendicular to a rotation axis of the
columnar crystal grain is within a range of 2 nm to 15 nm,
and a height of the bulge of the crystal grain is within a

range of 1 nm to 10 nm.
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.10. A magnetic recording nediumconprising: a substrate; a soft magnetic
| ayer; a seed |layer containing Si, N and one of Pd and Pt; and a recording
| ayer. 11. The nagnetic recordi ng medi um according to claim 10, wherein
the recording layer is conposed of aggregates of «crystal grains, each of
the crystal grains extends in a columar configuration in a direction
perpendi cular to a surface of the substrate, a tip of each of the crystal
grains is bulged on a surface of the recording layer, a dianeter in a

Cross section r pepdj . 1,0 I O. ' Lol um t
grain is mjthiggéprgn%éa%?£§énﬁ??%9§gﬁhn¥eag%@ géﬂé?gﬁ%ﬁgfuthgrbﬁ[éz gf t he
crystal grain Essﬁbégkgté- range of 1 nmto 10 nm 12. The nmagnetic

I'n

recordi ng medi um accor § to claim 10, wherein the recording layer is a

Co/ Pd artificiglsb@%}%ﬁﬁnegkgn}%yéged by alternately stacking a Co | ayer

which has a film ess™ W na range of 0.05 nmto 0.5 nmand a Pd

| ayer which ha I |.C WM Ehip.a fa 0 13 he
magneti c recor%i%8£%eg%g%¥a§§§§§%ﬁ%hpo§%raﬁnggg ?B? age%gi%ngﬂgtfegggding
| ayer is a Co/Pt_artifiicial lattice filmfornmed by alternately stacking a
Co | ayer mhichahﬁgcérdfﬁgn#?ﬂg Kness within a range of 0.05 nmto 0.5 nm

and a Pt

11. The magnetic recording medium according to claim
10, wherein the recording layer is composed of aggregates of
crystal grains, each of the crystal grains extends in a
columnar configuration in a direction perpendicular to a
surface of the substrate, a tip of each of the crystal grains
is bulged on a surface of the recording layer, a diameter in
a cross section perpendicular to a rotation axis of the
columnar crystal grain is within a range of 2 nm to 15 nm,
and a height of the bulge of the crystal grain is within a

range of 1 nm to 10 nm.

12. The magnetic recording medium according to claim
10, wherein the recording layer is a Co/Pd artificial lattice
film formed by alternately stacking a Co layer which has a
film thickness within a range of 0.05 nm to 0.5 nm and a Pd
layer which has a film thickness within a range of 0.5 to 2

nm.
13. The magnetic recording medium according to claim
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. layer which has a filmthickness within arange of 0.1 to 2 nm 14. The
magneti c recordi ng nmedium according to claim 10, wherein a content of S
in the seed layer is within a range of 10 atomc %to 35 atomc % and a

-content of Nis wthin a range of 0.1 atomc %to 10 atomc % 15. The
magneti c recordi ng nedi um according to claim 14, wherein the seed | ayer

¢ h . . . . i _ .
3 S o AR ISR L s
. | . o . . . . d di . o : :

par al géf’ ik T i BRSPS R o PR b B

i 1 |.ai 10 inth de | i ' whi ch
?§C°Cm-d't i 540 ftlarﬁl‘gc?rb 55 mvﬁ%‘*finﬁﬂ B HRSEET TS S 12 i m

[ t im1l in_ the. sof ic | f
Foughnes S P ATEATY 19 th T Hh rdrsglite D ki b X0 s "ot "% gnet o
recordi ng medium conprising: a soft magnetic |layer; a recording |ayer
which is ™yned of a hard magnetic material and which exhibits

per pendi cul ar magneti zation; and a seed |layer which is |ocated between the
soft magnetic |ayer and the recording | ayer and which contains oxide of Fe.

14. The magnetic recording medium according to claim
10, wherein a content of Si in the seed layer is within a
range of 10 atomic % to 35 atomic %, and a content of N is

within a range of 0.1 atomic % to 10 atomic %.

15. The magnetic recording medium according to claim

14, wherein the seed layer further contains Co.

16. The magnetic recording medium according to claim 12
or 13, wherein the Co layer, which constitutes the artificial
lattice film, comprises Co which is distributed
discontinuously in a direction parallel to a substrate

surface.
17. The magnetic recording medium according to claim
10, wherein the seed layer has a film thickness which is

within a range of 1 nm to 30 nm.

18. The magnetic recording medium according to claim

10, wherein the soft magnetic layer has a surface roughness

94



.20. The magnetic recording nmedi umaccording to claim 19, wherein the
recording layer is an artificial lattice film formed by alternately
stacking a platinumgroup netal of at |east one of Pt and Pd, and Co. 21.
~The magnetic recordi ng nedi um according to claim19, wherein the seed |ayer
contains Fe existing as netal. 22. The magnetic recordi ng nmedi um accordi ng

to claim_21,.wherel rati t wee rs .o o] FeMet / FeoX
satisfieswﬁnglégig%gHﬁﬂ §fE8?§§ §%(Eézgr?§e§ i§'<bOH§'provided t hat Felat
represents the nunber of atons of Fe existing as netal in the seed | ayer,

and FeoXi represents the nunber of atons of Fe existing as oxide. 23. The

magneti c recordi,ng Ly ggordi tq cl ai 9 .el.n the seed | ayer has
a filn1thickneg 'whggﬂaﬁghﬁéﬁ §gc§g9é89h§%dgh%nﬁp ggg4ﬁg'nagnetic
recordi ng nediun1a%&ﬁrdingﬁﬁg ﬁlain1 19, wherein the soft magnetic |ayer

r

has a structur& PR fregn 8€€5¢ carbi de of at |east one el enent
| ected f th i Sti f.T Nb Zr . is .di d in Fe.
25, The magnet Pc EPERGAAPAG IRLEFUIICRo T AGEREPEi A 289 NABRERAC he sof t
tic | s f . h [, i nci pal I. t ai ni
o e haberied BO R, S SERER B me P BBl BEUBRELYERBH: AL, oup
consi sting of Tayeol1a3a thich®is'25cTRAAhetuiot e do e niaghat e" ¢ no

layer and the recording layer and which contains oxide of Fe.

20. The magnetic recording medium according to claim
19, wherein the recording layer is an artificial lattice film
formed by alternately stacking a platinum group metal of at

least one of Pt and Pd, and Co.

21. The magnetic recording medium according to claim

19, wherein the seed layer contains Fe existing as metal.

22. The magnetic recording medium according to claim
21, wherein a ratio between numbers of atoms Fe,./Feg;
satisfies a relationship of 0.02 < (Fey./Fe,,;) < 0.2 provided
that Fe,,. represents the number of atoms of Fe existing as
metal in the seed layer, and Fe,,; represents the number of

atoms of Fe existing as oxide.

23. The magnetic recording medium according to claim

19, wherein the seed layer has a film thickness which is not
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24, wherein the seed layer is formed by oxidizing a surface of the soft
magnetic |ayer. 27. A nethod for producing a nagnetic recordi ng nedi um
conprising: preparing a substrate; formng a soft magnetic |ayer on the
substrate; formng, on the soft magnetic layer, a first seed | ayer

contai ning oxide of Fe; formng, on the first seed | ayer, a second seed

| ayer contai%'n ﬁi, N, and one of Pd and Pt; and form ng, on the second
seed Iay@PFea b@ 0 giﬁg'layer 96 having an artificial lattice structure.
28. The nmethod for producing the nagnetic recording nediumaccording to
claim27, wherein the first seed layer is fornmed by perform ng reactive

7, o eed | ayer | eact
EQEBEET' 2 '(I)'[‘?lé‘a'n;[e g el Sy R malaRf ACE B Te B "
[ t im28, wh in the f.irst I ' I d [
o oxi st sy #BERAE) ' Gothy BRTHRG i L AR F GhFGe e (e BB or | ng
. 30. The ,nethod f Py oduci th ti ' ' di
U0 ol ai mPISE IR (o TR i S AT A Heaity S e R 2o (HE f 1 v o

e | &Y Sioup cdnsTHe1NG ¥ O, Whf AU S SUL 10 4B U

25. The magnetic recording medium according to claim
19, wherein the soft magnetic layer is formed of an amorphous
alloy principally containing Co-Zr and further containing at
lease one element selected from the group consisting of Ta,

Nb, and Ti.

26. The magnetic recording medium according to claim
24, wherein the seed layer is formed by oxidizing a surface

of the soft magnetic layer.

27. A method for producing a magnetic recording medium,
comprising:

preparing a substrate;

forming a soft magnetic layer on the substrate;

forming, on the soft magnetic layer, a first seed layer
containing oxide of Fe;

forming, on the first seed layer, a second seed layer
containing Si, N, and one of Pd and Pt; and

forming, on the second seed layer, a recording layer
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_preparing a substrate; formng a soft nmagnetic |ayer on the substrate,
formng, on the soft magnetic |ayer, a seed |ayer containing one of Pd and
Pt, Si, and N, and form ng, on the seed | ayer, a recording |ayer having an

-artificial lattice structure. 32. The nethod for producing the nmagnetic
recordi ng 97 nmedium according to claim 31, further conprising performng

an etching_ treatnent _for.a.sur . magnetic | ayer after
form ng tﬁ3V§8?taﬂaaﬁng&gﬁgyeigggﬁggAgﬁg ﬁgék?br produci ng a magnetic
recordi ng medium conprising: preparing a substrate; formng a soft
magnetic | ayer on the substrate; formng, on the soft nagnetic |ayer, a

d | i nj ' f. _Fe; d ft ' - gi th
Seed | ayer. 3428 Thorhg RGHNPE: TBFoEENAG He HEGNEPRE ! ScbraP A LN fedi um
di tQ.claim 33, .wh in.th d . far b f i [
Feact | ve UBRLERT PRESFBED- EAr GLP LRt al ARG PethPt R REEpRPERr LAYl
cont ai ni ng _ox eg. 35. _The .nethod for prodgging thg npgn%tic ecordi ng
nedlun1achFH¥ag YoPEFEPHNARI TRABFELNCSt RRUSEEH PGy &P 8 T8FP8%ed to contain
Fe X sting,28, Teha! 1BV SRR LoLbhRe g PR boRk aRYAG ohblhS SPUttering

29. The method for producing the magnetic recording
medium according to claim 28, wherein the first seed layer is
allowed to contain Fe existing as metal by controlling an

amount of oxygen in the sputtering gas.

30. The method for producing the magnetic recording
medium according to claim 29, further comprising sputtering-

etching a surface of the first seed layer.

31. A method for producing a magnetic recording medium,
comprising:

preparing a substrate;

forming a soft magnetic layer on the substrate;

forming, on the soft magnetic layer, a seed layer
containing one of Pd and Pt, Si, and N; and

forming, on the seed layer, a recording layer having an

artificial lattice structure.
32. The method for producing the magnetic recording
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_36. The method for producing the magnetic recording mediumaccording to
claim35, further conprising sputtering- etching a surface of the seed
llayer. 98 37. The nethod for producing the magnetic recording nedium

= according to claim 33, wherein the soft magnetic |ayer contains Fe, and
the seed layer is fornmed by oxidizing a surface of the soft nmagnetic |ayer

at a high 't t .aft ] i [ i
Z-g.dAf}TS d _ﬂﬁ‘?;%‘coci%;rédeug%ptzf A oo ey BB GO aagald 08, =
s defined i ny one o cl.a 1 ; [ : ' '

used to rae'bo‘?n%&b]}/nq eqb‘?eo%‘&%nt:ﬂqs%r%ﬁll?%%p%n]&;f a&mlﬁﬁ %ﬂ%ﬁ \S/es

us _ _ it |
e magnelic I eLOhl Ry B U hidnlEPordydp, the magnetic head. 99

33. A method for producing a magnetic recording medium,
comprising:

preparing a substrate;

forming a soft magnetic layer on the substrate;

forming, on the soft magnetic layer, a seed layer
containing oxide of Fe; and

forming a recording layer on the seed layer.

34. The method for producing the magnetic recording
medium according to claim 33, wherein the seed layer is
formed by performing reactive sputtering for a target

containing Fe with a sputtering gas containing oxygen.

35. The method for producing the magnetic recording
medium according to claim 34, wherein the seed layer is
allowed to contain Fe existing as metal by controlling an

amount of oxygen in the sputtering gas.
36. The method for producing the magnetic recording

medium according to claim 35, further comprising sputtering-

etching a surface of the seed layer.
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37. The method for producing the magnetic recording
medium according to claim 33, wherein the soft magnetic layer
contains Fe, and the seed layer is formed by oxidizing a
surface of the soft magnetic layer at a high temperature

after forming the soft magnetic layer containing Fe.

38. A magnetic storage apparatus comprising:

the magnetic recording medium as defined in any one of
claims 1, 10 and 19;

a magnetic head which is used to record or reproduce
information; and

a driving unit which drives the magnetic recording

medium with respect to the magnetic head.
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