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TITLE OF THE INVENTION

LAYERED SOFT MAGNETIC FILMS AND MAGNETIC HEAD

KGR! E ON
. Field the Invent

The present invention relates to a laminated magnetic

film, such as a so-called precipitation—-type microcrystal soft-—

magnetic thin film, a method of manufacturing the laminated

magnetic film and & magnetic head having the laminated magnetic

film.

2. Desc he Related Art

In recent years, recording densities of signals have been
-raised in the magnetic recording field, thus resulting in that
.magnetic recording mediums, such as metal tapes, having great
coercive force and high residual magnetic flux densities have

been employed, the metal tepe being menufactured by directly
coating a non—-magnetic sopport member with a ferromagnetic metal
material. Under the ciroumstehces, magnetic heads have been
required to comprise a core made of a meteriai having a high
saturated magnetic flux density and high megnetic permeability.
' To meet the foregoing requirement, a metal-in-gap type
magnetic head (hereinafter called a MIG head) has been suggested
which is structured such that ferrite is employed as a sub-core
material and a metal magnetic filin having a high saturated

magnetic flux density is, es a main core material, formed on the
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ferrite layer so that a magnetic gap portion i# formed by the
metal magnetic film. IThe metal—-in—-gap type magnetic head is
capable of satisfactorily recording and reprodﬁcing signals to
and from a metal tape.

Under the circuﬁstances in which the recording density
has been raised considerably, the magnetic head of the above-
mentioned type must be composed of a metal magnetic material
having a high s#turated.magnetic flux density; with which a large
recording magnetic field can be obtained, and exhibiting a soft
magnetic characteristic in order to record and reproduce signals
to and from a magnetic recording medium, such as the metal tape,
ﬁaving.great coercive force.

' Since a so-called precipitation type and microcrystal
metal magnetic filh containing Fe as the main component thereof
has a high saturated magnetic flux density and excellent soft
magnetic characteristic in the in-plané di;ection,.the foregoing -
filulhas been put into‘practicai use in plaée of the conventional
metal magnetlc materlal for making a magnetxc head.

The precxpitation—type microcrystal metal magnet1c film
is generally formed such that a non-crystalline film is formed;
and then the film is subjected to heat treatment so that small
crystal particles mainly composed of Fe are dispersed and
precipitated. The precipitation-type microcrystal metal magnetic
film is exemplified by Fe-Ta-N. The precipitation—-type

microcrystal metal magnetic film in the form of Fe-Ta-N has a
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high magnetic permeability equal to that of a soft magnetic
amorﬁhous film and a hiéh saturated magnetic flux density equal
to that of Fe. Therefore, it can be said that the precipitation-
type microcrystal metal magnetic film is a metal magnetic
material suitable to manufacture the above—mentionéa magnetic

head.

However, 'the' precipitation-type microcrystal metal
magnetic film involves crystal partiéles being dispersed and
precipitated therein after it has been subjected to heat
tpeatment. However, the precipitation—-type micrbcrystal metal
magnetic film encounters a difficﬁlty in controlling the crystal
orientation of microcrystal 'particles. That is, the
pfecipitation—type microcrystal metal magnetic film involves
precipitafed microcrystal particles having a random crystalline
orientation.

Therefore, if the precipitation—typé microcrystal metal
magnetic film is employed as the metal magnetic material for
mahuf&étqring'a magnetic head,.the soft magnetié characteristic
in the direction of the thickness thereof is unsatisfactory
despite excellent -in-plane  soft magnetic characteristic.
Therefore, even if a magnetic head is manufactured by using the
aﬁove—mentioned precipitation—-type microcrystal metal magnetic

film, the efficiency of the magnetic head is unsatisfactory, and

e required improvement in reproduction output cannot be

realized.



SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a magnetic head using a laminated magnetic film in which
the qrystalline direction of the precipitated q%crocrystal
particles is controlled and which haé a controlled soft megnetic
characteristic in the direction of the thickness thereof and thus
having a significantly improved reproduction output.

In order to achieve the foregoing object, the inventors
of the present invention have performed investigations, thus
resulting in a fact. being found that a contrivance in which a
metal layer is laminated on a thin magnetic layer and then the
thin @agnetic layer and the metal layer are subjectgd to heat
tfeatﬁént causes metal atoms forming the metal layer to be
dispersed info the thin magnetic layer so that the direction of
the crystalline orientation of the microcrystal particles which
are dispersed and precipitated in the thin magnetic layer is
controlled.

| . -Apcofding to one aspect of the present invention, there
is provided a mégnetic-hea& cohprising e pair of half portions
forming a magnetic éore'and arranged to be joined and integrated
with each other such that surfaces of the pair of the half
portions, on which A magpetic gap is formed, are abutted against
each other; and & metal magnetic film formed on the surface of
at least either of the pair of the half portions for forming the

magnetic core on which the magﬂetic gap is formed, wherein the
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metal magnetié film is a laminated magnetic film formed by
laminating thin magnetic layers and metal layers, each of the
thin magnetic layers having a composition expressed as FeQ%Nz,
where M is at least any one of Ta, Zr, Hf, Nb, Ti, Mo and W, and
X, ¥y and z each indicates atom percent and holds relaiionship as
71 £ x £ 85, 6 <y <15 and 9 £ z V 16.

The magnetic head according to the present invention
having the abové-mentioned structure has the laminated magnetic
film as the .metal magﬂetic film. Therefore, the crystal
direction in the.nmtal magnetic film of the above-mentioned
magnetic head is controlled aga,_therefore, the soft magnetic
characteristic of the metal magnetic film in the direction of the.
tﬁickﬂéss thereof caﬂ'be improved.

The magnetic head may have such a‘structu;e that each of
the metal layers is formed on each of the thin magnetic layers.

.The metal layers accordihg to the present invention may
be formed above or below the magnetic metal layer if the metal
layeré can be -diffused into the metal magnetic 1a§er attributable
to the heat tréatmenf and the metal layers are able to contno;
the crystal orientation of small crystal particles which are
dispersed and precipitated in the metal magnetic layer.. The
metal layers attain ‘a similar effect because of a similar
operation regardless of the positions of the metal layers whether

the metal layers are laminated on the metal magnetic layer or

below the same.
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The magnetic head is required to have such a structure

that one element is selected from a group consisting of Rh, Ir,
Ag, Pt, Pd and Au to form the metal layers. It is preferable
that the metal layers are Pt layers.

It is preferable that the magnetic head héve such a
structure that the metal layers have an average thickness of 0.2
nm to 10 nm for one layer in order to obtain a saiisfactory
diffusion effect of the metal layers for forming the metal
magnetic film.

| If the average thickness of one metal layer is smaller
than 0.2 nm, a satisfactory diffusion effect cannot ﬁe obtained.
Ig_it is larger than 10 nm, the excessively large thickness
héving?a shape effect results in the metal layers acting as false
gaps. In this case, swell is generated in the reproduced output
characteristic.

The metai layers and the thin ﬁagnetic layers are formed
by a vacuum method fof forming;a thiﬁ'film, such as a vacuum
. evaporation method, a sputtering method or an ion plating method.
- If the th&cﬁness of the plurality layer formed by, for example,
sputtering, is 0.2 nm, it éan be considered that the metal layer
is not forméd into a state of a simple thin film but.it is in a

state in which particles aré dotted like islands. Therefore, the
thickness of the metal layer is expressed with the average

thickness for each layer.

It is preferable that the magnetic head according to the
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present invention has the thin magnetic films forming the metal
magnetic film having a fhickness of 0.05 uym to 1 uym for one layer
in order to cause the thin magnetic layers forming the metal
magnetic film to be satisf#ctory affected by the diffusion effec£
of the metal layers.

If the thickness of the thin magnetic films is -smaller
than 0.05 pm, the number of film forming processes, such as
sputtering, for forming the thin magnetic films increases gpd
therefore the productivity deteriorates. What is wofse, the
number of the metal layers increases, thus causing the effective
saturatgd magnetic flux density to be loWered. If the thickness
of the thin magnetic fiims is larger than 1 pm, the diffusion
'effecé.of the metal layers deteriorates.

It is preferable that the magnetic head according to the
present invention has sqéh a structure that the total thickness
of the metal layers is not more than 6 % of the overall thickness
of the metal magnetic film.

- When' the above-mentioned thin Fe-M-N magnetic layer is
formed, annealing is performed after the thin Fe-M-N magnetic
layer has been formed. At this time, Fe-metal compounds are
generated? . Since the Fe—-metal - compounds afe positive
magnetostrictive hard magnetic materials, increase in the Fe-metal
compounds in the metal magnetic film results in the coercive force
of the metal magnetic film to be enlarged unsatisfactorily and the

mdgnetostriction of the metal magnetic film to be unintentionally
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considerably shifted to the posjtive values. To réstrict the
quantity of the Fe-metal compounds so as to prevent above-—
mentioned phenomena, it is preferable that the total thickness of
the metal layers is not more than 6 ¥ of the overall thickness of
the metal magnetic film, more preferably not more than 3 %.

It is preferable that the magnetic-head according to the
present invention has such a structure that the metal layers are
not more than 5 wt% of the thin magnetic 1layers in order to
restrict the quantity of the Fe-metal compounds so as to prevent
the above-mentioned phenomena.

It is preferable that the magnetic head according to- the
pggsent-invention has such a structure that the half portions for
’férmiﬁé the magnetic core are made of ferrite, and a Pt layer or
a SiOz layer Serving as a reaction preventive film is formed
between the ferrite layer and the metal magnetic film.

_The magnetic head according to the present invention may

h#ve a structure satisfyihg & plurality of the above-mentioned
conditions.

éince the magnetic head according to;the present invention
has such a structure tﬁat the metal magnetic film is the laminﬁted
magnetic film formed by laminating thin Fe-M-N magnetic 1ayers and
metal layers, Fe-metal compouﬁds are generated in the metal
magnetic film and, therefore, a magnetigally hard portions are

generated. . Since the above-mentioned portions act to'preveht

movement of magnetic domeins, rotating magnetization is enhanced
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and the permeability in the high frequency regions in the metal
magnetic film is raisgd.

| The magnetic head according to the present invention has
such a structure that the average thickness of one metal layer
forming the metal magnetic film is made to be 0.2 nm.io 10 nm and
the_thickness of one thin magnetic film forming the metal magnetic
film is made to be 0.05 um to.l pm. Therefore, the preferential
orientation easily takes place in the overall body of the thin
magnetic layers attributable to the diffusion effect of the metal
layers. By making the metal layers to have the above-mentioned
thickness, the metal layers do not acé as false gaﬁs.

Moreover;' the magnetic head according to the present
iﬁvenéion is structured such that the ratio of the total thickness
of the metal layers in the metal magnetic film {s made to be not
more than 6 % of the total thickness gf the metal magnetic film
or noﬁ more than 5 wt% of the thin magnetic films. Therefore,
reduction in the effective saturated magnetic flux density can be
significantly be .prevented.

Other objects, features and advantages_of the invention

will be evident from the following detailed description of the

preferred embodiments described in conjunction with the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view showing an example of a
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laminated magnetic film according to the present invention;

Fig. 2 is a Eharacteristic graph .showing an X-ray
diffraction pattern of a laminated magnetic film 1 and that of
sample A in a state where they are subjected to heat treatment;

Fig. 3 is. a characteristic graph showiné an X-ray
diffraction pattern of the laminated magnetic film 1 and the
sample A after they have been subjected to heat treatment;

Fig. 4 is a cross sectional view showing another example
of the laminated.magnetic film according to the presenf invention;

Fig. 5 is é characteristic graph showing an X-ray
diffraction pattern of a 1laminated mégnetic film 10 before
subjected to heat treatment;

. ; Fig. 6 is a characte:istic -graph showing an X-ray
diffr#ction. pattern of the laminated magnetic film 10 after
subjected to heat treatment;

Fig. 7 is & perspective view showing an embodiment of a
magnetic head according to the present invention;

- . F}g.'B is an enlarggd plan view showing an essential
portion of the embodiment of the magnetic head according to the
present invention; |

Fig. 9 is an enlarged cross sectional view showing g metal
magnetic film of the magnetic head according to the present
invention;

Fig. 10 is a perspective view showiné a step in the

sequential process for manufacturing the magnetic head according
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to the present invention in which a track width restricting groove

is formed in the substrate;

Fig. 11 is a perspective view showing a step in the
sequential process for manufacturing the magnetic head according

to the present invention in which a reaction preventive film is

formed in the substrate;

Fig. 12 is an enlarged perspective view showing a step in
the sequential process for manufacturing the magnetic head
according to the present invention in which a thin Fe-M-N magnetic
layer is formed on the reacfion preventive film;

Fig. 13 is ;n enlarged perspective view showing a step in
the sequential process for manufacturing the magnetic head
accor&ing to the present invention in which a Pt layer is formed
on the thin Fe~M-N magnetic layer;

Fig. 14 is an enlarged perspective view showing a step in
the sequehtial process for manufacturing the 'magnetic head
according to the présent invention in which a thin Fe-M-N magnetic
_IAyef is’formed on the Pt layer;

Fig. 15 is a perspective view showing a step in the
sequential proéess for manufactuéing the magnetic heed according
to the present invention in which a state in which the reaction
preventive film and the metal magnetic film have been formed on
the substrate is shown;

Fig. 16 is a perspective. view showing a step in the

sequential process for manufacturing the magnetic head according
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to the present invention in which substrates are Joined and

integrated;

Fig. 17 is a chart showing X-ray diffraction patterns of
metal magnetic filhs;

Fig. 18 is a characteristic graph showing the ¥e1ationship
between the number of magnetic layers and relative outputs; and

Fig. 19 is & characteristic graph showing average

thickness of one Pt laye: and the relative outputs. -

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
Preferred embodiments of the present invention will now be
described with reference to the drawings.
| - A laﬁinated magnetic film acéo;ding to the present
invention has a structure formed by }aminating a thin magnetic
layer and a metal layer. The thin magnetic layer has a
composition expréssed by Feﬁ%Nz, where M is at least any one of
Ta, Zr, Hf, Nb, Ti, Mo and W, and x, y and z each indicates atom

pércéht gﬂd holds relationship as 71 < x < 85, 6 < y < 15 and 9
£z s iG.

.A laminated magnetic film 1 according to this embodimént.
as shown in Fig. 1, has a structure formed by laminating a thin
Fe-Ta-N magnetic layef 2 and a Pt layer.3 serving aéhthe metal
layer and made of Pt. .The 1gminatéd magnetic film 1 has suéh a
structure that the thin Fe-Ta-N magnetic layer 2 is laminated on

a ceramic substrate 4; and the Pt layer 3 is laminated on the thin
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Fe~-Ta—N magnetic layer 2. The metal layer of the laminated
magnetic film 1 is not iimited to the Pt layer 3 made of Pt. The
metal layer may be mainly made of a material selected from a groub
consisting of Rh, Ir, Ag, Pt, Pd and Au.

The thin Fe-Ta-~N magnetic lﬁyer 2 of the laminated
magnetic film 1 having the above-mentioned structure is, by a
méans, such as sputtering, formed on the ceramic substrate 4 to
have a thickness of about 0.5 um. The Pt layer 3 is, by
sputtering or'the like, formed on the thin Fe-Ta—N magnetic layer
"2 to have a thickness of about 3.0 nm. The thin Fe-Ta-N magnetic

layer 2 of the laminated magnetic film 1 is formed as a nén—
crystalline layer. On the other hand, the Pt layer 3 of the
lﬁminéted magnetic film 1 is formed as a crystalline layer.

After the above-mentioned layers have been 1amin§ted, the

laminate&:magnetic film 1 is subjected to heat treatment. The
heat trgatﬁent is performed such ?hat the laminated magnetic film
1 is heated at 556'0 }or one hour in a vacuum. As a result of the
heat treatment, Pt atoms forming the Pt layer 3 of the.laminated
magnetic'film 1 are diffused into the thin Fe-Ta-N m#gnetic layer
2. Simultaneously,.émall crystal.pafticles of aFe are dispersed
and precipitated into the thiq Fe—-Ta—N magnetic layer 2 of the
laminated magnetic film 1 as a fesult of the heat treatment above.

In order to efficiently mix nitrogen atoms into the thin

Fe-Ta—N magnetic layer 2 of the laminated magnetic film 1, the Pt

layer 3 and the thin Fe-~Ta-N magnetic layer 2 are laminated.
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In a state before the heat treatment is performed, the
thin Fe-Ta-N magnetic layer 2 includes aFe having a lattice
constant of 2.8665 angstrom and formed into a body centered cubic
lattice structure (a BCC struc@ure). aFe has a tendency of
orientation (110) because of the BCC structure therébf and has a
grating space d of 2.02692 angstrom. On the other hand, the Pt
layer 3 has a lattice constant of 3.9240 angstrom and formed into
a face—centeréd cubic lattice structure-(ah FCC skructure). The
Pt layer 3 has . a tendency of orientation (111) and a grafing space
d of 2.2655 angstrom.

On the other hand, nitrﬁgen atoms are formed into a shape
which does not react with Fe and Ta when taken in at the time of
pérfo;ming the sputtering operationi The thin Fe~-Ta-N magnetic
layer 2 and the Pt layer 3 are subjected to the.above—mentioned
heat tréatment so that Pt atoms are diffused into the thin Fe-Ta-N
magnetig layer 2. -Siﬁpe the grating space of the Pt layer 3 is
made to be somewhat largéf than -that of the thin Fe-Ta-N magnetic
layer 2, the grating space is enlarged in the thin Fe-Ta-N
magnetic'layer 2. Thus, nitrogen atoms are introduced into the
widened grating space so that nitrogen atom afe selectively bonded
with Ta which is ; chemically active elgment. As a result, small
crystal particles of aoFe are generated in the thin Fe-Ta-N
magnetic layer 2 and, therefore, the magnetic characteristic of

the thin Fe-Ta-N magnetic layer 2 is improved.

The metal layer according to this embodiment may be mainly
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made of one type selected from a group consisting of Rh, Ir, Ag,
Pt, Pd and Au. The gr&ting space d of Rh is 2.18653 angstrom,
that of Ir is 2.21645 angstrom, that of Ag is 2.35592 angstrom,
that of Pd is 2.24635 angstrom and that of Au is 2.35478 angstrom.
Since each of the foregoing metal elements Rh, Ir, Aé, Pd and Au
has a grating space, wﬁich is somewhat larger than the grating
space d of 2.02692 of aFe, nitrogen atoms can efficiently be mixed
ihto the thin Fe-Ta-N magnetic layer 2 similarly to Pt atoms
above.

The laminated magnetic film 1 may have such a structure

that the Pt layer 3 contains at least one element selected from
agroup consisting of N, B, O and C. The Pt layer 3 having the
foreg&ing structure has a tendency of the lattice constant being
enlarged. Thus, the grating space in the thin Fe-Ta-N magnetic
layer 2 can be  enlarged. As a result, nitrogen atom can
efficiently be mixed into the thin Fe—Ta~-N magnetic layer.z of the
lamingted magnetic film 1 so that a satisfactory soft magnetic
cﬁara;te?istic is realized.

Note that the grating space in the thin Fe—-Ta-N magnetié
layer 2 may effectively be enlarged by a means_for alloying Pt-
atoms forming the Pt layer 3 and another_metal element. Howevef,
excessively enhancement of the diffusioﬁ efficiency of the Pt .
layer 3 with respect to that 6f the thin Fe-Ta—N magnetic layer

2 allows a crystal orientation control effect, to be described

later, to deteriorate. Therefore, attention must be paid to
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prevent excessive fall of the melting point of the Pt layer 3 when

it is alloyed or prevent excessive rise of the solid-solubility

with respect to Fe.

Since the Pt layer 3 of the laminated magnetic film 1 is
in.the form of thp crystalline layer having the FCC structure, the
small crystal particles of aFe have substantially the same crystal
orientation when precipitated into the thin Fe-Ta-N magnetic layer
2. That is, the Pt layer 3 having the orientation _(111)
attributable to the FCC structure hgvg a crystal orientation
control effect for causing small cryét?l particles of aFe to be
oriented to plane (110) when diffused in the thin Fe—-Ta—N magnetic
Lgyer 2. As a result, the crystalline direction of aFe is
controlled in the laminated magnetic film 1 so that the laminated
magnetic film 1 has a satisfactory soft magnetic characteristic.

To confirm a fact that diffusion of the Pt layer 3 into
the thin Fe-Ta-N magnetic 1layer 2 results in the crystal
orientation.of Fe, which is pneéipitated info the thin Fe-Ta~N
magnétic layer- - 2a, being controlled, the following experiments
wére performed.

Initiglly, sample.A'was manufactured so as to be subjected
to a‘'comparison with the above-méntioned laminated magnetic film
1. The sample A had such a structure that the thin Fe-Ta-N
magnetic laygr was lahinated on & ceramic substrate, éimilarly to
the laminated magnetic film 1. Moreover, a SiOz layer was

laminated on the thin Fe-Ta~N layer. Note that the sample A had
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such a structure that the thickness of the cerami-c substrate and
the thin Fe-Ta—-N magnetic layer were the same as the laminated
magnetic film 1. Moreover, the thickness of the SiOz layer is the
same as that of the Pt layer 3. |

The X-ray diffraction patterns of the laminated magnetic
film 1 and the sample A before subjected to heat treatment, were
observed by an X-ray diffraction apparatus. The results of
analysis of the X-ray diffraction patterné of the laminated
magnetic film 1 and the saﬁple A before subjected to heat
treatment are shown in Fig. 2.

As can be understood from Fig. 2, only a peak of
orientation of plane (111) of the Pt layer 3 is observed.
Tt'\eref-bre, a fact can be understood that the laminated magnetic
film 1 has such a structure that the Pt layef 3 is the crystalline
layer and the thin Fe—~Ta-N magnetic layer 2 is the non-crystalline
layer. _Since no peak is ‘observed in the graph for the sample A,
a fact can be understood that the §iO, layer and the thin Fe-Ta-N
mégnei:ic layer a.r.e ‘amorphous layers.

Then, the laminatéd magnetic film 1 and the sample A were-
. subjected to heat trea.fment. The heat treatment was pérformed'
such that the laminated magnetic film 1 and the sample A were
heated to 550°C for. oné hour in a vacuum. After the heat
~treatment, the X-ray diffraction patterns of the laminated
magheti'c film 1 and the sample A were observed by the X-ray

diffraction apparatus. The X-ray diffraction patterns of the
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laminated magnetic film 1 and the sémple A are shown in Fig. 3.
As can be understood from Fig. 3, the peak of the
orientation of plane (111) of the Pt layer 3 has disappeared.
Thus, a fact can be understood that Pt atoms forming the Pt layer
3 are diffused in the thin Fe-Ta-N magnetic™ layer 2.
Simultaneously, the peak of the orientation of plane (110)_of aFe

is observed in the graph of the laminated magnetic film 1. As a

result, aFe precipitated in the laminated-magnetic film 1 is in

the form of the crystalline structure having the orientation of
plane (110).

On the other hand, small peaks of the orientation of plane
(110) of aFe are observed in the graph of the sample A, as shown
in Fig: 3. As can be understood from th1s, small crystal
particles of aFe are.precipftated into the thin Fe-Ta-N magnetic
layer attributable to the above—mentioned heat treatment while
having orientation of plane (110) in which a high degree of
dispersibh is realized. . _

When .the X-ray diffraction pattern of the 1amina£ed
magnetic film 1 and that of the éample A are subjected to a
cohpatispn. it can be understﬁod fhat'the orientation of plane
(110) of small crystal particles of preéi.pitated. aFe in the
laminated magnetic film 1 has been enhanced. The thus— realized
result ig caused from a fact that Pt atoms forminé the.Pt layer

3, which is the crystalline layer, are diffused into the thin Fe-

Ta—-N magnetic layer 2.
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As described above, the orientation of plane (110) of
small crystal particles of aFe can be enhanced in the laminated
magnetic film 1 by locating the Pt layer 3 £o be in contact with
the thin Fg—Ta—N magnetic layer 2. That is, the laminated
magnetic film according to the present invention "has such a
structure that the metal layer and the thin magnetic layer are
laminated so that the crystal orientation of small crystal
partiéles precipitated into the thin magnetic layer is controlled.
As a result, change 6f the materials for forming'the metal layer,
thickness of the metal layer and the heat treatment conditions
enables the permeability in the direction of the thickness of the
laminated magnetic film to be controlled. Therefore, the
IAminéied.magnetic film according to the présent invention is able
to have a required soft magneﬁic characteristic.

On the other hand, the laminated magnetic film 1 has such
a structufg that the Pt layer 3, which is the metalllayer, is
laminated on the'thin Fe—Ta—N.magnetic layer 2. However, the
léminﬁted magnetic film 1 according to this embodiment is not
limited éo the above-mentioned structure. The laminated magnetic
film 1 has such a stfucture that the Pt layer 3 and the thin Fe-
Ta~N magnetic layer 2 are in contact with eaéh-other; and Pt atoms
férming the Pt layer 3 diffuse into the thin Fe-Ta~N magnetic
layer 2. That is, the laminated magnetic film .l may be formed

into such a structure that the Pt layer 3 is formed on the ceramic

substrate 4; and the thin Fe-Ta-N magnetic layer 2 is laminated
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on the Pt layer 3. Also the laminated magnetic film 1 having the

above-mentioned structure and subjected to the foregoing heat
treatment is able to have a required soft magnetic characteristic.

The laminated magnetic film according to the present
invention is not limited to the above-mentioned structure having
ﬁhe thin Fe-Ta-N magnetic layer 2 in the form of a single lgyer.
Another structure'may be employed in which a plurality of thin
magnetic films are laminated through metal layers.

For example, a laminated magnetic film 10 having 36 thin
magnetic films as shown in Fig. 4 may be employed. The laminated
magnetic film 10 is composed.of 36 thin Fe-Ta-N magnetic films 12
and Pt layers 13 each of which is formed between the thin Fe-Ta-N
magnetic films 12. A laminate consisting of the thin Fe—Ta-N
magnetic films 12 and the Pt layers 13 are formed on a ceramic

substrate 14. - Moreover, the laminated mdgnetic film 10 has a

reaction preventive film 15 formed between the laminate composed
of the tﬁin Fe—-Ta~N magnetic films 12 and the Pt layers 13 and the
ceramic substrate 14. Note that the metal layer of the laminated

megnetic film 10 is not limited to that made of Pt. The metal

layer may'be made of Pd or Au.

The thin Fe-Ta-N magnetic film 12 of the laminated

magnetic film 10 consists of 36 layers and has a total thickness

of about 4um. The Pt Iayer 13 has a thickness of about 2.0 nm.

The laminated magnetic film 10 having the foregoing

structure is manufactured by a thin-film forming method, such as
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sputtering, such that the thin Fe-~Ta-N magnetic films 12 and the

Pt layers 13 are alternately formed on the ceramic substrate 14.
Then, the laminated magnetic film 10 is, similarly to the
laminated magnetic film 1, subjected to heat treatment.

Since the thus—-manufactured laminated magnetic film iO has
such a structure that the thin Fe-Ta-N magnetic films 12 are
stacked oﬁ the Pt layer 13, Pt atoms forming the Pt layers 13 are
diffused into the thin Fe-Ta-N magnefic films 12. Since each of
the thin Fe-Ta-N magnetic films 12 is held between two Pt layers
13 in the direction of the thickness of the laminated magnetic
film 10, Pt atoms are diffused from each of the Pt layers 13.
S{multaneously, small crystal particles of aFe are dispersed and
pfeﬁipitated into each of the thin Fe-Ta-N magnetic films 12 of
the laminated magnetic film 10.

The crystal orientation of the small crystal particles of
aFe is controlled by the influences of Pt atoms when the sméll
crystallparticles of aFé are precipitated.

In order to confirm the foregoing fact, the X-ray
diffraction pattern of the laminated magnetic film 10 before the
heat treatment and the'x-ray,diffractidﬁ of the same after i£ had
been subjected to the heat treatment were observed by the X-ray
‘diffraction apparatus. Fig. 5 shows the X-ray diffraction pattern
of the laminated magnetic film 10 before the heat treatment is
performgd.

Fig. 6 shows the X-ray diffraction pattern of the

laminated magnetic film 10 after it has been subjected to the heat
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treatment. Also the X-ray diffraction pattern of the laminated
magnetic film 10 realized when Au is employed as the metal atoms
for forming the metal layer is shown in Figs. 5 and 6.

As can be understood from Fig. 5, only plane (111) of Pt
crystal is observed in a case where the metal layeré are the Pt
layers 13. In a case where the metal layers are the Au layers,
only plane (111) of Au crystal is observed. In both of the -
foregoing cases, the thin Fe-Ta-N magnetic films 12 of the
laminated magnetic film 10 are non-crystalline layer and the metal
layers are crystalline layers..

Another fact can be understood that heat treatment, to
which the laminated magnetic film 10 is'subjected, allows X-ray
diffréction peaks showing the plane (111) of Pt crystal and plane
(111) of Au crystal in the metal layers to.disappear, as shown in
Fig. 6.. In both of the foregoing cases, X-ray diffraction peaks
corfespbnding to the plane (110) of small crystal particles of aFe
are observed.

As & resdlt, facts can be.understood'tﬁat metal atoms
forming the metal layers of the laminated magnetic film 10 are
diffused iﬁto the thin Fe-Ta-N maghetic films 12 and that small
crystai particles of aFe having the orientation of plane (110) are
precipitated in the thin Fe~Ta-N magnetic films 12.

Since the plural thin Fe-Ta-N magnetic films 12 of the.
laminated magnetic film 10 are laminated through the Pt layers 13,

diffusion of Pt atoms forming the Pt layers 13 is performed
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quickly. it Leads to a fact that the laminated magnetic film 10
having the above-mentioﬁed structure has enhanced orientation of
plane (110) of small crystal particles of aFe as compared with the
thin Fe-~Ta-N magnetiq layer in the forﬁ of a single layer.

The structure of an embodiment of a maéhetic head
according to the present.invention will now be described with
reference to the drawings.

A magnetic head 20 according to this embodiment, as shown
in Figs. 7 and 8, is formed by abutting a pair of right and left
halveé 21 and 22 of a core of the magnetic head 20 manufactured
individually on the two sides of & magnetic gap g located
substagtially at the central portion between the joined surfaceé
of mag;etic recording mediums, the pair of the halves 21 and 22
of the magnetic core béing integrated by abutting megnetic gap
forming surfaces 2la and 22a which are abutting sﬁrfaces.

‘The halves 21 and 22 of the maghetic core are composed of
corresponding magnetic—core substrates 23 and 24, which are sub-
qére_;écﬁioné, and metal magnetic films 25 and 26, which are maiﬁ
core'secfiongf Each of the magnetic—core substrates 23 and 24 is
made of a soft magnetic oxide, such as Mn-Zn ferrite or Ni-ZIn
ferrite to form a sub-core section forming a closed magnetic
passage together with the metal magnetic films 25 and 26. The
magnetic—core substrates 23 and 24 have, adjacent to main surfaces
23a and 24a qf the magnetic-core substrates 23 and 24 opposite to

the magnetic gap forming surfaces 2la and 22a, track width
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restricting grooves 27, 28, 29 and 30 for restricting the track
width Tw of the magnefic gap §. Each of the track width
restricting grooves 27, 28, 28 and 30 has a circular arc shape
formed from a position adjacent to each of two ends of the
magnetic gap g into a direction of the depth of the magnetic head.
Each of the track width restricting grooves 27, 28, 29 and 30 is
filled with a non—magnetic material 31, such as glass, in order
to maintain the contact characteristic with the ﬁagnetic recording
medium and to prevent unsymmetrical wear océurring due to sliding.

The main surface 24a of the magnetic core substrate 24 of
the magnetic—-core substrates 23 and 24, which is opposite to the.
magnetic gap forming surface 2la, has a coil receiving groove 32
h;ving"a U-~like-~shape facing side to restgict the depth of the
magnetic gap g and to wind a coil (not shown). The coil receiving
"groove may be formed in the other magnetic core substrate 23.

On the other hand, the metal magnetic films 25 and.26
serve as the main core section forming a closed magnetic passage
tdgetﬁer with.the magnétic—cofe substrates 23 and 24, the metal
magnetic.films 25 and 26 beipg formed in the corresponding main
surfaces 23a and 24e which are opposite to the magnetic gap
forming surfaces 21a and 22a and which are surfaces opposite to
the magnetic—core substrates 23 and 24. Each of the metal
. magnetic films 25 and 26 is formed from a froht gap portion to a
back gap portion. Therefore, the opposite surfaces 25a and 26a

of the metal magnetic films 25 and 26 are formed into the magnetic
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gap forming surfaces 21a and 22a of the haives 21 and 22 of the
magnetic core. The metﬁl magnetic films 25 and 26 are formed on
the inner surfaces of the track width.restricfing grooves 27, 28,
29 and 30 as well as the main surfaces 23a and 24a opposite to the
magnetic—core substrates 23 and 24. The metal magnétic film 25
is as well as formed on the ovérall.surface of the inside portion
of the coil receiving groove 32 or a portion of the same.

The.metal magnetic films 25 and 26 of the ﬁagnetic head 20
are.formed into laminated magnetic films each of which is composed
of a thin magnetic layer and a metal layer.

The thin magnetic layer has a composit}qn FeQ%NZ where M
is at least any one of Ta, Zr, Hf, Nb, Ti, Mo and W, and x, y and
z'eacﬁ'indicates atom percenf and holds relationship as 71 € x <

85, 6 £y £ 15 and 9 £ z £ 16. The_metai layer contains any one
of Pt, Pd and Au as the éomponent thereof. The magnetic-head 20
according to this embodiment is the Pt layer. |
The magnetic head 20 has such a structure that reaction
pféveﬁtiYe films 33 ,and 34 are formed on -ﬁhe' corresponding
magnetic-core substrates 23 and 24; and the metal magnetic films

25 and 26 are formed on the reaction preventive films 33 and 34

so that diffusion reactions among ferrite, which is a usual mefal

i
A

layer for forming the magnetic—core substrates 23 and 24, and the

metal magnetic films 25 and 26 are prevented to restrict

generation of a false gap.

As described above, the magnetid head 20 has such a
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structure that the metal ﬁagnetic films 25 and 26 are formed iﬁto
the laminated magnetic films each consisting of the thin Fe-M-N
magnetic layer and the Pt layer. Each of the metal magnetic films
25 and 26 is, as shown in Fig. 9 in which only the metal magnetic
film 25 is illustrated, formed into the laminated magnetic film
formed by alternately laminating the thin Fe-M-N magnetic léyers
35 and the Pt layers 36 on the reactioﬁ preventive film 33.

The thin Fe-M-N magnetic layers 35 and the Pt layers 36
may be formed by a vacuum method for forming a thin film, such as
a vacuum evaporation méthod, a sputtering method or an ion plating
method. In this case, increase in the éputtering prbcesses can
be solved by forming the apparatus into a multi-target type
sfrucﬁﬁre. |

When the reaction preventive film 33 is formed into the Pt
layer, the reaction preventive film 33 is able to as well as have
a diffusion effect. The reaction preventive film 33 may be a Sioz
layer which is a general base film of the above-mentioned type
mﬁgnéﬁic head. When the reaction preventive film 33 is the Pt

layer, the diffusion reactions taking place in the interfaée
between the magnetic—core'substrates 23 and 24, ﬁhich is made of
ferrite, and the metal magnetic films 25 and 26 can be prevented
and, thus, forming of a reactive layer,'which interferes with an
original magnetic flux generated from the magnetic gap g can be

prevented.

In- order to make the diffusion reaction preventive
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function of the reaction preventive film 33 to be more reliable,
the reaction preventive'film 33 may be, in place of Pt, made of
a métal element, for example, Ti, Mo, V, Cr, W, Co or Ni, having
a melting point not lower than 1500°C, which is the melting point
of Fe. The reaction preventive film 33 may be made of a compound,
such as SiaN or A1203, in place of SiOz. or formed into ; laminated
film of the foregoing compound ﬁnd the above—-mentioned metal
element.

It is preferable that the thickness of the reaction

preventive film 33 be about 1 nm to about 10 nm. If the thickness

is smaller than 1 nm, the reaction preventive effect becomes

unsatisfactory. If the thickness is larger than 10 nm, there
a;ise;.a risk that the reaction prqventive film 33 acts as a false
gap. If the reaction preventive film 33 is a non-magnetic film,
the reaction preventive film 33 must be a thin film not to act as
the false gap.

The uppermost'film of the laminated magnetic film forming
tﬁe méta% magnetic film 25 of thé magnetic head 20 may be the thin
magnefic Fe—-M—N layer.25 or the Pt layer 26. |

As a matter bf course, also the metal magnetic film 26
formed on the other magnetic core sﬁbgtrate 24 is formed into the
multi-layer structure consisting of the thin Fe~-M-N magﬁétic layér
and the Pt layer, similarly to the metal magnetic film 25.

The thicknesé of each thin Fe-M-N magnetic layer 35

forming each of the metal magnetic films 25 and 26 of the magnetic
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head 20 is made to be 0.05 pum to 0.5 pm. The average thickness
of each Pt layer 36 forming each of the metal magnetic films 25
and 26 is 0.3 nm to 7 nm.

Moreover, the total thickness of the Pt layers 36 in the
metal magnetic films 25 and 26 of the magnetic head 20 is 6 % or
less of the overall thickness of the metal magnetic films 25 and
26.

The magnetic head according to the present invention may
be structured such.that the ratio of Pt with respect to Fe and M
in the thin magnetic films and Pt in the Pt layers in the metal
magnetic film may be made to be 5 atom¥% or lower.

As described above, the magnetic head 20 has such a
structure that the thin Fe-M-N magnetic layers 35 and the Pt
lgyers 36 are, as metal magnetic films 25 and 26, laminated on the
magnetic gap forming surfaces 2l1a and 22a 6f the pair of the
halves 21 and 22 of thé magnetic core. _

| The thin Fe-M—-N magnetic layers 35 are, as described when
description of the manufacturing method will be berformed,.formed
such thai microcrystal is.generateg from a non-crystal state by
subjecting the formed films to the heat tréatment. In the thus-
manufactured magnetic head 20, the diffusion effect of the Pt
layer 36 causes intense orientation (110) of aFe to take place.in
the thin Fe-M-N magnetic lﬁyers 35 after the heat treatment has
been performed. As a rgsult, the uniformity of the magnetism of

the metal magnetic films 25 and 26 is improved so that the soft
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magnetic characteristic is improved.

In the magnetic'head 20, Fe-Pt{ compounds are generated in
the metal magnetic films 25 and 26 so that hard magne;ic portions
are generated. Since the generated portions act to prevent
movement of magnetic domains, the rotating magnéfizatioﬂ. is
enhanced and, therefore, the permeability in the high frequency
regions in the metal magnetic films 25 and 26 is raised.

Since thé magnetic head 20 is structured suéh that the
average thickness of each of the Pt layers 36 forming the metal
magnetic films 25 and 26 is made to be 0.3 nm to 7 nm; and the
thickness of each of the thin Fe-M-N magnetic layers 35 forming
the metal magnetic films 25 and 26 is made to be 0.05 um to 0.5
uﬁ, tﬁé above—mentioned preference orientation in the thin Fe-M;N
ﬁagnetic layers 35 occurring attributable to the diffusion effect
of the Pt layer 36 easily takes place in the overall body of the
film. Since each of the Pt layers 36 has the above-mentioned
thickness, the Pt layérs 36 do.not act as false gaps.

- h ?he ﬁagnetic head acco?ding to this embddiment has such a
struéture that thé ratio éf the tdfal thickness of the Pt layers
36 in the metal magnetic films 25 and 26 is 6 % or less of the
ovérall thickness of the metal magnetic films 25 and 26.
Therefore, reduction of the effective saturated magnetic flux

density can significantly be restricted.

A method of manufacturing the magnetic head according to

this embpdiment will sequentially be described.
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Initially, a plate-like substrate 37 made of, for example,

Mn-Zn ferrite is preparéd, as shown in Fig. 10. Then, a plurality

of (two in the case shown in Fig. 10) track width restricting

grooves 38 and 38 each having a substantially semi-circular cross
sectional shape are formed on a main surface 37a of the substrate

37, as shown in Fig. 10. The track width restricting grooves 38

and 39 are formed in the direction of, for example, the width of

the substrate 37. The track width restricting grooves 38 and 39

are formed apart from each other for a distance which is the same
as a predetermined width of the track.

Then; a reaction preventive film 40 is, as shown in Fig.
11, formed on the main surface 37a of the substrate 37 including
tﬁe tr;ck width restricting grooves 38 and 39 by sputtering or the
" like. As the reaction preventive film 40, a SiOz layer having a

thickness of 4 nm is formed in order to improve the reaction

preventive effect. -

Then, as shown in Fig. 12, a thin Fe-M-N magnetic layer 41
héving the above-mentioned composition is formed,on the reaction

preventive film 40. Then, as shown in Fig. 13, a Pt layer 42 is

formed on the thin Fe~M~-N magnetic layer 41, and then a thin Fe—M—'.
N magnetié layer 41 is again formed on the Pt layer 42. The thin
Fe-M;N magnetic layers 41 and the Pt layérs 42 are sequentially
laminated as described above so that a metal magnetic film 43,
which is a laminated magnetic film consisting of the thin Fe-M-N

magnetic layers 41 and the Pt layers 42, is formed, as shown in
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Fig. 15. Note that the thin Fe—M-N magnetic layer 41 is in a non—-
crystal state in the Abbve-mentioned state.

As the thin Fe—-M-N magnetic layer 41, a thin magnetic film
of small crystal of Fe-Ta-N is .formed. fhat is, the metal
magnetic.film 43 has a multi-layer structure as Fe-Ta-N layer/Pt
layer,..., /thin Fe-Ta~N layer/Pt layer.

Although the first layers is the thin Fe-Ta—~N layer and
the fiﬁal layer is the Pt layer, the first layer and the final
layer may be either of the thin fe-M—N magnetic layer 41 or the
Pt layer to obtain a similar effect. Although the thin Fe-Ta-—N
llayer is employed as the thin Fe-M-N magnetic layer 41, the metal
pgption indicated by symbol M may be another metal element to
obtain' a similar efféct.

| As described above, the thickness of the SiOzlayer of the
reaction preventive film 40 is made to be 4 nm to make the overall
thickness of the metal magnetic film 43, which is the laminated
magnetic film of the thin magnetic films of 'small crystal
particles of -Fe-Ta-N and the Pt layers, to be 4 jim. Moreover, the
number oé the thin Fe-M-N magnetic layérs 41 which is the thin
magnetic films of small crystal particles of Fe-Ta-N of tﬁe metal
maghetic film 43 is made tb be six. |

Then, a substrate similar to the substrate 37 is prepared
and a process similar to the above-mentioned process is.performed
so that'track width restricting gfooves, a reaction preventive

film and metal magnetic films were formed. Moreover, a coil
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receiving groove having a cross seétion in the form of a U-shape
facing side is formed ih the substrate, the coil receiving groove
being formed in a direction perpendicular to ﬁhe surface in which
the track width restricting groove is formed.

Then, a SiOz film serving as a spacer for the magnetic gap
is formed on the metal magnetic film of each substrate, the $i0,
film having a thickness of 100 nm.

As shown in Fig. 16, the substrate 37 and a substrate 45
having.§ coil receiving groove 44 similar to that of the substrﬁte
37 were abutted against each other while aligning the positions
of the track width reStricting grooves 38, 39, 46 and 47. Then,
a‘glass rod is inserted into the coil receiving groove 44, and
then heat treatment is performed to fuse the substrates 37 and 45
by the glass. -

As a result of the heat treatment for fusing the
substrates 37 and 45 by the glass, small crystal is formed in the
thin Fe;M-N magnetic layer 41 which has been in a non-crystal
state’ so that the thin magnetic film of small ¢rystal particles
of Fe-Ta-N is formed. |

At this time, the'diffusiqn effect of the Pt layer 42
causes intense orientation of plane (110) of aFe to take pl;ce in
the thin Fe-M-N magnetic layer 41, which is the thin magnetic film
of small crystal parﬁicles of Fe—-Ta—-N. Thus, the uniformity of"-

the magnetism of the metal magnetic film 43 is improved so that

~the soft megnetic characteristic is improved.
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At this time, Fe-Pt compounds are generated in the metal

magnetic film 43 so that magnetically hard portions are generated

in the metal magnetié film 43. Since the above—mentioned portions

act io_ prevent movement of magnetic domains, the rotating
magnetization is enhanced so that the permeability"in-the high
frequency regions in the metal magnetic film 43 is raised.

As described above, the substrate 45 having the coil
receiving groove 44 has, in the track width restricting grooves
46 and 47 and the substrate 45 thereof, the SiOzlayer serving as
a reaction preventive film 48 and é thin metal magnetic film 49,
which is the laminated magnetic film of the thin Fe-M-N magnetic
Lgyer which is the thin magnetic films of small crystal particles

of Fe~Ta~N and the Pt layers, is formed. In order to prevent

generation of defects, such as breakage of glass, attributable to
the stress of the magnetic film, a mask or the like may be used
to prevent forming of the film on the overall surface in the coil

receiving groove 44 when the above-mentioned films are formed by

sputtering or the like. Even if the foregoing mask is used, the

output dénoting the reproduction is not affected.
Finally, the main surfaces, which are used as the joining
surfaces of the magnetic recording mediums, are ground into the

cylindrical shape. Then, slicing is performed at the positions

indicated by line a-a and line b~-b shown in Fig. 16 so that the
magnetic head 20 as shown in Figs. 7 and 8 is manufactured.

Although the description has been performed about t'he
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structure in which the thin magnetic films of small crystal
particles 0f Fe-Ta-N is employed as the thin Fe-M-N magnetic
layer, the metal portion indicated by the symbol M may be another
metal eleméﬁt to obtain a similar effect. Moreover, a similar

manufacturing process can be employed.

As a matter of course, the present invention is not
limited to the above-mentioned magnetic head and the same may be
applied to a variety of magnetic heads within the scope of the
present invention. .

Although the description has beén performed about the
magnetic head according to the present invention and having such
a structure that the thin metal magnetic film is formed ‘in
pa"‘r.a.llel to the magnetic gap, the present iﬁvention may, of
course, be applied to a magnetic head having such a structure that
the magnetic gap is formed in the abutting surfgces of metal
magnetic films respectively formed on diagonal surfaces, which are
formed By diagonal cutting and in which the megnetic gap is
formed. Moreover, the present invention may, of coﬁrée, be
applied to a magnetic head having'such a strﬁcture that the
magnetic gap has an azimuth angle. .

Examples

Examples of the present inQention will now be described in

accordahce with results ﬁf experiments.

Examgle 1

In Example 1, influence of the number of the thin Fe-M-N °
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magnetic layers in the metal m#gnetic film upon the plane
orientation of the thin Fe-M-N magnetic layer was investigated.
A laminated magnetic film formed by laminating the thin
Fe—Ta—-N magnetic layer, which was the thin Fe-M-N magnetic films,
and the Pt layers was formed on a substrate made of Mn-Zn ferrite.
Then, the laminated magnetic film was subjected to heat treatment
at 550°C, and then the X~ray diffraction pattern was investigated.
In this example, the overall thickness of the laminated magnetic

film was fixed to 4 um and the average thickness of each Pt layer

was fixed to 3 nm. Moreover, five types of laminated magnetic

films were prepared which respectively had 6, 12, 24, 36 and 48

thin magnetic films to investigate the X-ray diffraction patterns.

Results are shown in Fig. 17. Fig. 17 as well as shows results

of.a single—laye: film having only thin Fe—-M—-N magnetic film
having a thickness of 4 pym formed on the substrate.

As can be understood frbm Fig. 17, the peak of the plane
(110) of aFe is enlarged in proportion to the number of the thin
magnetic films. That is, in the case where the thin magnetic
films of small crystal particles of Fe—Ta-N are laminated through
the Pt layers, the diffusion éffect of the <thin Pf“ films
intensifies the orientation.of plane (110) of aFe in the thin
magnetic films of small crystal particles of'Fe-Ta—N when small
crystal is formed in a non-crystal state by performing the heat
treatment after the thiﬁ film, which is formed into the thin

magnetic films of small crystal particles of Fe-Ta-N, has beén
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formed. Thus, a fact was confi}med that the soft magnetic
char#cteristic in the direction Af the thickness of the film was
improved. The foregoing effect can be obtained from the thin Fe-
M-N magnetic layer in which the metal portion indicated by the
symbol M is another metal element, as well as the thin magnetic
films of small crystal particles of Fe-Ta-N.
Example 2 |

In this exgﬁple, influences of the number (the thickness)
of the thin Fe-M-N magnetic layers in the metal magnetic film and
the ratio of the total thickness of the Pt layers in the metal
magnetic film with respect to the totai thickness of the above-
mgptioned metal magnetic film upon the reproduced oQtput from the
m;énetic head were investigated. |

Th#t is, seven types of magnetic heads according to the
present invention and respectively having metal magnetic films
were prepared'whiéh were Jlaminated magnetic films having such
structufes that-the_totai thickness of the metal magnetic film.was
fixed to 4 pm, the aver@ge thickness of tﬁe Pt'layers.was'fixed
to 3 nm and the number of the thin Fe~M-N magnetic layérs was
varied to 6, 12, 24, 36, 48, 72 gnd 86. Moreover, a magneiic head
having only a thin Fe-M—-N magnetic layer having a fhickness of 4
nm and serving as the metal magnetic film was prepared. Then, the
reproduced outputs from the prepared magnetic heads were measured.
Also in this example, a thin magnetic films of small cry;tal

particles of Fe-Ta-N were empioyed as the thin Fe-M-N magnetic
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layers.

The reproduced 6utput was measured by using a head-fixed-
tjpe drum tester while making the relative speed to be 3.8 m/s and
the frequency f to be 7 MHz. As a recording head, a MIG head was
employed in which thin Fe-Ru-Ga-Si films were, in paréilel, formed
on £he magnetic gap. Results are shown in Fig. 18.

Fig. 18 shows the reproduced outputs from the above-—
mentioned magnetic heads as relative outputs when the reproduced
output from the magnetic head having only the thin Fe-M-N magnetic
layer having the thickness of 4 um was made to be 0 dB; In Fig.
18, the axis of ordinate stands for the relative outputs and the
axis of abscissa stands for the number of the magnetic layers,:
which.ére the thin Fe-M-N magnetic layers, the thickness of one
metal layer and the thickness ratio of the Pt layers which is the
ratio of the total thickness of the Pt layers in the metal
magnetic films with respect to the overall thickness of the metal
magnetie films.

As-can be gnderstood from Fig. 18, the laminated magnetic
film jnéluded thék Pt layers interposed therein so that the
reproduced Qﬁtput was improved. Moreover, the number of the thih
Fe-M-N magnetic layers and that of the Pt 1a9ers were increasgd
to certain numbers, the orientation of aFe (110) was intensified
so that the reproduced output was furthermore improved. As for
the metal layer, the reproduced output was improved in a range in

which the thickness was smaller than 0.5 pum. Therefore, a fact
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was confirmed that the diffusion effect of the Pt layers caused
the above-mentioned preférential orientation to easily take place
in the overall body of the film.

If the number of the thin Fe;M—N magnetic layers and the.
Pt layers are too large and the thickness ratio of the Pt layers
exceeds about 6 %, the reproduced output deteriorates. As for the
'thickness of the magnetic layer, the reaction preventive film
again deteriorates if the thickness is smaller than 0.05 pm.

As can be understood from the above-mentioned results, use
of the laminated magnetic film of the thin Fe-M-N magnetic laigrs
and the Pt layers as the metal magnetic film causes orientation
o§¥qu (110) fo take place attributable to the diffusion effect
offthe'Pt layers. Thus, the uniformity of the magnetism of the
metal magnetic film can be improved and the soft magnetic
characteristic can be improved. By makiné the thickness of the
thin Fe-M-N magnetic film to be 0705 pm to 0.5 pm, the orientation

of aFe (110) is enabled to take place easily attributable to the

diffusion effect of the Pt layers. Thus, faqts'qan'be confirmed

that the hniformity of the magnetism of the me£a1 magnetic film
is furthermofe enhanced and the soft magnetic charactefistic is
furthermore improved. The fofegoing effect can be obtained from
the thin Fe-M-N magnetic layer in which the metal portion
indicated by the symbol M is another metal'element; as wgll as the
thin magnetic films of small crystal p#fticles of Fe-Ta-N.

Example 3
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In this example, influences of the average thickness of
the Pt layers in the ﬁetal magnetic film and the ratio of the
overall thickness of the Pt layers with respeét to the overall
thickness of the metal magnetic film uhon the reproduced output
of the magnetic head were investigated. i

That is, six types of magnetic heads according to the
present invention were prepared, which respeétively had laminated
.magnetic films in which the overall thickness of the. metal
magnetic film was 4 pm, the number of the thin Fe-M-N magnetic
1a§ers was 36, and the average thicknesses of Pt layers were 0.3
nm, 1.5 nm, 3 nm, 6 nm, 9 nm and 12 nm. Moreover, another
magnetic head was prepared which had only a thin Fe-M-N magnetic
lﬁyer'having & thickness of 4 pym as the metal magnetic film. The
reproduced outputs from the above-mentioned magnetic head were
measured similarly to ﬁxample 2. Note that a thin magnetic films
of small crystal particles of Fe-Ta-N was employed in this example
as the thin Fe-M-N magnetic layer.

Results are shown ‘in Fig. 18. Fig; i9 ;hows the
reproducéd oﬁtputs from the above-heqtioned magnetic heads as
relative outputs such that the reprddqced output of the_maénetic
head having only!the thin Fe-M-N magngtic layer having a thickness
of 4 pym as the metal magnetic film was made to be 0 dB. In fig.
19, the axis of ordinaté stands for the relative outpuis and the
axis of abscissa stands for the average thickness of one Pt layer -

and the thickness ratio of the Pt layers which is the ratio of the

39
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total thickness of the Pt layers in the metal magnetic film with
respect to the overall khickness of the metal magnetic film.

As can be understood from Fig. 19, the laminated magnetic
film having the Pt layers interposed therein improves the
feproduced.output. In the case ﬁhere'the.avérage thiékness of one

Pt layer is 0.3 nm or larger, the reproduced output can

furthermore be improved.

~ However, a fact can be understood that the reéroduced
output again deteriorates if the average thickness of one Pt layer
is larger than 7 nm. In this case, the thickness ratio of the Pt
layers, which is the ratio of the total thickness of the Pt la&ers
with respect to thé overall thickness of the metal magnetic film,
hhinténtionally exceeds 6 %.. .

A# can be understood from the above-mentioned results,
such a structure that the thickness of the Pt layers is 0.3 nm to
7 nm cauées the orientation of aFe (110) to easily take place.
As a result, the hniformity of the magnetisntof the metal magnetic
film. can furthermore bé enhaﬁced an& the soft magnetic
characteristic can furthermore be improved.

- Another fact caﬁ,be understood from the above-mentioned
results that a strﬁcture. in thch the total thickness of the Pt
layers in the metal magnetic fiim is 6 % or less of the overall
thickness of the metal magnetic film, is

expected to

satisfactorily prevent the deterioration in the effective

saturated'magnetic flux density.
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The foregoing effects can be obtained from the thin Fe-p-y

magnetic layer, in which the metal portion . indicated by the symbol

M is another metal element, as well as the thin Fe-Ta~N magnetic

layer.

As described above, the laminated magnetic film aecordiug
to the present invention causes metal molecules forming the metal

layer to be diffused into the thin magnetic layer. The diffusion

eff_ect of the metal molecules results in the small crystal

particles of aFe, generated in the thin magnetic layer, having

intense crystal orientation. Therefore, the laminated .magnetic

film is able to have controlled crystal orientation of small
crystal particles of aFe by adjusting the metal layer which is

lamlnated together with the thin magnetic layer. Therefore. the

above—mentxoned lanuna.ted magnetic f11m is able to an excellent

soft magnetic characterlstlc in the direction of the thickness
thereof.

The method of manufacturing the laminated magnetic film
according to the present invention ha.s the steps of lam:l.ne.ting the
thin magnetic layers and the metal layers and subjecting the
laminate to the heat treatment. Therefore, the method eccording

to the present invention is able to precipitate small -crystal

particles of aFe, the cfystal orientation of which is controlled,

regardless of the laminating order of the thin megnetic layers and

the metal 1layers. Thus, the method according to the present

invention is able to manufacture the laminated magnetic film
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having an excellent soft magnetic characteristic in the direction

of the thickness thereof.

The magnetic head gccording to the present invention has
such a structure that the laminated magnetic film formed by
laminating the thin Fe-M~-N magnetic layers and the Pi'layers is,
as the metal mﬁgnetic film, formed on the surface of at least one

of a pair of the half portions of the magnetic cores on which the

magnetic.gap is formed. In the process for manufacturing the
| magnetic head, the heat treatment is performed after the thin Fe-
M-N magnetic layer has been performed to form small crystal
particles in a non-crystal state. At.this time, the gréound effect
of: the Pt layers causes intense aFe (110) orientation to take

place in the thin .Fe-M-N magnetic layer subjected to the heat

treatment; As a result, the uniformity of the magnetism of the

metal magnetic film is eﬁhanged and the soft magnetic
characteristic can be improved.

Since the magnetic head according to the present invention
hﬁs sﬁch a stbupture that the metal magnetic film is the laminated
magnetic film formed by laminating the thih Fe—M—N magnetic layers

and the Pt layers, Fe-Pt compounds are generated in the metal

magnetic film and, therefore, magnetically hard portioﬁs are

generated. Since the above-mentioned portions prevent movement
of magnetic domains, the rotating magnetization is enhanced and
therefore the permeability in the high frequency regions in the

metal magnetic film can be raised.
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Although the invention has been described in its preferred

formwith a certain degree of particularity, it is understood that
the present disclosure of the preferred form can be changed in the
details of construction and in the combination and arrangemeﬁt of
parts without departing from the spirit and the scope of the

invention as hereinafter claimed.
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WHAT IS CLAIMED 1S:

1. A magnetic head comprising:

a pair of half portions forming a magnetic core and arranged
to be joined and integrated wiﬁh each other such that surfaces of
said pair of the half portions, on which a magnetic gap is formed,
are abutted against each other; and

a metal magnetic film formed on said sﬁrface of at least
either of said pair of said half portions for forming said
magnetic core on which said magnetic gap is formed,

wherein said metal magnetic film is a laminated magnetié film
gppmed by iaminating thin magnetic layers and metal layers, each
6f s#fd thin magnetic layers having a composition expressed as
Fe}%Nﬁ, where M is at least any one of Ta, Zr, Hf, Nb, Ti, Mo and

W, and x, y and 2z each indicates atom peréent and holds

relationship as 71 < x £ 85, 6 S y < 15 and 9. z < 186.

2. A magnetic head according to claimll, wherein one element is

selected from a group consisting of Rh, Ir, Ag, Pt, Pd and Au to

form said metal layers.

3. A magnetic head according to claim I, wherein each of said

metal layers .is formed on each of said thin magnetic layers.

4, A magnetic head according to claim 1, whepein said metal
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layers contain at least one element selected from a group

consisting of N, B, O and C.

5. A magnetic head according to claim 1, wherein said metal

layers have an average thickness of 0.2 nm to 10 nm for one layer.

6. A magnetic head.accordihg to claim 1, wherein said thin

magnetic layers have an average thickness of 0.05 pym to 1 pum for

one layer.

7. A magnetic head according to claim 1, wherein the total
thickness of said metal layers is not more than 6 % of the overall

thickﬁéss of said metal magnetic film.

8. A magnetic head according to claim 1, wherein said metal

layers are not more than 5 wt% of said thin magnetic layers.

9. A magnetic head according to claim i, wherein said half
portions fof.forming said magnetic core are made of ferrite, and
a Pt layer serving as a reaction preventive film is formed between

said ferrite layer and said metal magnetic film.

10. A magnetic head according to claim 1, wherein said half
portions for forming said magnetic core are made of ferrite, and

a SiOZ layer serving as a reaction preventive film is formed
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between said ferrite layer and said metal magnetic film.



