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1 TITLE OF THE | NVENTI ON LAYERED SOFT MAGNETI C FI LMS AND NAGNETHCs
BACKGROUND OF THE INVENTION 1. Field of the Invention The pr
i nvention relates to a |lami nated nagnetic film such as a so-called
_precipitation-type mcrocrystal soft- magnetic thin film a nmethod of
manufacturing the |lam nated magneticy4filmand a nmagnetic head having-the
| am nated magnetic film 2. Descripfion of the Related Art In
~recent yqgﬁf&E%F§514§J¥¥§i$?§g§ies of signals have been raised in the

" magnetic Tecordrng rrefd, resulting in that nmagnetic recording

nmedi uns, BAYERED SOETIMAGNETIC FIvMMs)aA8DERhGNEPECCiERDf Orce and high

resi dual magnetic flux densiti-es have been enployed, the netal tape being
manuf actured by directly coating a non-magnetic support nenber with a
ferromagnetic netal material. Under the circunstances, magnetic heads
have beenBACKE QR PHENINVENTIONr e nade of a materi al havi ng a hi gh

saturated nagnetlc_flgx denS|ty and hi gh magnetic perneability.
l. Field of the Invention

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 a 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 manufactured by directly
coating a non—-magnetic smpport member with a ferromagnetic metal
material. Under the circumstehces, magnetic heads have been
required to comprise a core made of a meteriai having a high
saturated magnetic flux density and high magnetic 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 film having a high saturated

magnetic flux density is, es a main core material, formed on the




To meet the foregoing requirenment, a netal-in-gap type magneti ¢ head
(hereinafter called a MG head) has been suggested whi ch is structured
such that ferrite is enployed as a sub-core material and a netal magnetic

filmhaving a high saturated magnetic flux density is, as a main core
material, formed on the 2 ferrite

| ayer so that a magnetic gap portion is forned by the nmetal magnetic film
The netal -in-gap type magnetic head,i s capable of satisfactorily recording
and reproducing signals to and froma netal tape. ' Under the

ci rcunst fpreEte nlanerhsehéhpscor Magneddfsigap PRE Nl s of Qe i tle abl v,
t he magnetic_head of  the above-_ nentioned type nust be conposed of a netal
nagnetlcmﬁﬁ?ErP&F“eﬁéﬁlﬁdla‘h|gﬁhgafﬁﬁ&ﬂed"nﬁ&ﬁeﬁﬁ@qﬂWﬁgqﬁﬁﬁﬁ tReady iH
which a |ar recordin net c field,can be _ obtained, .and_exhi ng a
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and from,gq n@ggﬁthcmggggrgkgg medi um such as the netal tape., having
‘great coercive torce. . ) :

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 pract1ca1 use in place 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



Since a so-called precipitation type and mcrocrystal netal magnetic film
containing Fe as the main conponent thereof has a high saturated magnetic
flux density and excellent soft magnetic characteristic in the in-plane
direction, the foregoing filmhas been put into practical use in place . of
t he conventional netal magnetic material for making a magnetic head.

The precipitation-type m crocrystal tal magnetic film is generally
formed such that a non-crystalline fiTmis forned, and then the filmis

bj ect ed heat .t. { t f hat 1 : I ti i nl
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‘Fe-Ta-NRpghdt of Fe. Therefore, it can be said that tRe pgidHlpRANGLNC
perneability equal to that o? a'so%t magneti ¢ anor phous filmand a high

sat ur at adygegRetr6ctys¥adensdtan eadghetlie thaimofidea ThHet&l Omagrndt iGan be
said that the precipitation- type mcrocrystal nmetal magnetic filmis a

met al maptEnial mnatidratdle stio t abhefaotorautthet wbe viermentdwaede miadgresd c
magneti c
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.



head. However, the precipitation-type mcrocrystal netal nagnetic
filminvolves crystal particles being dispersed and precipitated therein
after it has been subjected to heat treatnent. However, the
precipitation-type mcrocrystal nmetal magnetic filmencounters a
difficulty in controlling the crystal orientation of mcrocrystal

particles. That Is, the precipitation-type mcrocrystal neta
magnetic filminvolves precipitateg mcrocrystal particles having a
random crystalline orientation. Therefore, if the

preci pi tSUNMARY \OF> THE (INVENRION netal nagnetic filmis enployed as the

metal magnetic nmaterial for nmanufacturing a magnetic head, the soft
magnet i ¢ ‘char actASGoRdinely, tafe ebieeti 8fi Sher presgnti ddventigneds jto
unsati sfactor despite . excellent in-plane s
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using th above- tioned.preci.pitation-type mcrqgrystal oetal nagnetic
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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 & thin magnetic layer and then the
thin @agnetic layer and the metal layer are subjectgd to heat
tfeatmént 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



4 SUMVARY OF THE | NVENTI ON Accordingly, an object of the present

I nvention is to provide a nagnetic head using a |am nated magnetic filmin
which the crystalline direction of the precipitated m crocrystal

particles is controlled and which has a controlled soft magnetic
characteristic in the direction of the thickness thereof and thus having a
significantly inproved reproduction output. In order to achieve
the foregoing object, the inventors 5of the present invention have
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to one aspect of the present 1nvention, there ‘is provided a magnetic head
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to be joined and integrated
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 cfystal
direction in the metal 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 cap.beldiffused into the metal magnetic 1a§er attributable
to the heat tréatmenf and the metal layers are able to control
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.



w th each other such that surfaces of the pair of the half portions, on
whi ch a magnetic gap is forned, are abutted agai nst each other; and a
nmetal magnetic filmformed on the surface of at |east either of the pair

of t-he half portions for form ng the magneti c core on which the magnetic
gap is forned, wherein the 5 neta

magnetic filmis a lamnated magnetic filmformed by lamnating thin
magnetic | ayers and netal |ayers, eagh of -the thin magnetic |ayers having

a conposition e%naeﬁaeﬂee§cFﬁLsarLM[%@ahwkearko n¥ber gubhi & akruedsieany
one of Ta, Zr, Hf, Ti, M X, y and z each indicates atom

percent t3ad babdsléabatl QESBéDe&Sed7ir{:ﬁl’i]gﬁbd;ﬁﬁfdns&&t161g[ @1fr Rhy [Ienr] 15
and 9 [err] z V 16. The magnetic head according to the present

i nventi aig, Py IRy tdred abovee NnBofmothd sktadt dageltas t ¢ liampraifedatdgnet i c
filmas the netal nmagnetic film Therefore, the crystal direction
in the rgtetl thegmeitiad fliayersf ariee PAbdweyemsnti oned nagnetic head is

controlled and, therefore, the soft magnetic characteristi.-c of the netal
magnetic filmidtt Hes dpregerahler thet the cRABEStiRchE@sd AVLeSHARr dved.

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
- eva.pora.tmn method, a sputtering method or an ion pla.tlng method.
- If the th1ckness of the p1ura11ty layer formed by, for example,
sputtering, is 0.2 nm, it can 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 #verage

thickness for each layer.

It is preferable that the magnetic head according to the



The sagnetic head may have such a structure that each of the netal |ayers

I's formed on each of the thin magnetic | ayers. The netal |ayers
according to the present invention may be formed above or bel ow t he
magnetic netal layer if the metal |ayers can be diffused into the netal

magnetic | ayer attributable. to the heat treatnent and the netal |ayers
are able to control the crystal orientation of small crystal particles
whi ch are di spersed and preC| p| tat ed in the rret al magnet ic |layer. The
met al ers attain t _becaus rati
regar dl égrs S Héwﬁd’s ?“"01tﬁ ?' Fgf’ﬁgé f%’@f "t?rm{%%e[ are a:;fyers :
are | am 0 d 8 th S2g%-

'p%ﬁedt 3 ft{ﬁ" Hggghgl S requlél%’ree %f ave g # g‘tmr upes lt"F?'aet one

e' enment irﬁ éPhSPt %@ fdaQiBen w@%mn@agaéegcofla%TsI rf1ornﬁ‘91g Rihe Rfedd Au
to formthe netal layers. Is preferable that the netal |ayers are Pt

layers. magnetic flilinl SoPb&fsRtakifacitRaly bi¢etBgachy aicadfhayconlehfect
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
saturated magnetic flux density to be loWered. If the thickness
of the thin magnetic fiims is larger than 1 pm, the diffusion
'effece.of the metal layers deteriorates.

It is preferable that the magnetic head according to the
present invention has sqeh 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 laver 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



structure that the netal |ayers have an average thickness of 0.2 nmto 10
nmfor one layer in order to obtain a satisfactory diffusion effect of the
netal layers for formng the netal magnetic film I f the average
t hi ckness of one netal layer is smaller than 0.2 nm a satisfactory

di ffusion effect cannot be obtained. |If it is larger than 10 nm the
excessively large thickness having g shape effect results in the netal

| ayers acting as false gaps. In this case, swell is generated in the

repr oducshiddrdblychen et @di $bi @he positivelNval®mésl | gayensesand citheegdi n
magnetic | ayers are fornmed by a vacuumnethod for formng a thin film
such as cquarticitiym odv afloe atFecmetailnodompospds t exd ngsnetdhogreveah iaboyd-ati ng
met hod. |If the thickness of the plurality |layer formed by, for exanple,
sputt er imrRpt iendl Phenonenacan thésconefeeablietthat tthe fetal EFhjekness ot
formed into a state of a sinple thin filmbut it is in a__state in which
particl ekheyme ok tlay 95 d si §P&nﬂ§reTﬁB¥%f5r’é of the oyerridsthiskppgs (@f g
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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
have a structure satisfyihg & plurality of the above-mentioned
conditions.

Since 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



7 present invention has the thin magnetic filnms form ng the netal

magnetic filmhaving a thickness of 0.05 [errJmto 1 [err]mfor one |ayer
in order to cause the thin magnetic layers formng the netal magnetic film
to be satisfactory affected by the diffusion effect of the nmetal |ayers.

I f the thickness of the thin magnetic films is smaller than 0.05 [err]m
the nunber of filmformng processes,gsuch as sputtering, for formng the
thin magnetic filns increases and therefore the productivity deteriorates.
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effective saturated nagnet ux den t _ the ness
of the thjapneraretsiian iils"kaiselgdar ger than 1 [érr]m the diffusion effect
of the metal |ayers deteriorates. It is preferable that the

magneti ¢ head acqwedmagne® ithfieafr @2eBrdiA¥CEbI ORe NPFe Soch fnwdd i Ha st hat
the total thickness of the netal layers is not nore than 6 % of the

overal | tshidknesstroé¢tuie tbitl thageaeeiragki kMickness of \Ohen nidtal layer
above-nmentioned thin Fe-M N magnetic |ayer is fornmed, annealing is
per f or nedf amineg tthe meitalrmaghptingfiédmcis nagertchde Pednnfotoelld nm And hi s
time, Fe-nmetal conpounds are ] . _

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



gener at ed. Si nce the Fe-netal conpounds are positive

magnet ostrictive hard magnetic materials, increase in the Fe-netal
conpounds in the nmetal nagnetic filmresults in the coercive force of the
nmetal magnetic filmto be enlarged unsatisfactorily and the
magnetostriction of the netal magnetic filmto be unintentionally
considerably shifted to the positive val ues. To restrict the quantity of
the Fe-nmetal conpounds so as to pre t above- nentioned phenonena, it is

preferaplihlielatiegdet 8 F & KESorHing 1P (IR Pr SeHR! inbEnBebnyore than 6

% of the overall thickness o% the nmetal magnetic fi.lm nore preferably not

nore than 3 % Fig. 2 ilst iaS Bhebeeeblesthal drepiagmWiaghead agcpigi ng
to the present invention has such a structure that the netal |ayers are
not noraiffeacbivh%patteha oifi o NMagiakited mapnetiie dider I cand eBhdt Coéft he
quantity of the Fe-netal conpounds so as to prevent the above-nentioned
phenonesample A in a|state whére ey tdare subd evd@dettioc heedd taeebmenhg t o
the present invention has.-such a structure that the half portions for
form ng the maght€i c Toris arfe pB@sasteristice, spdph o FhoWinger agr 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



a SiGerr] layer serving as a reaction preventive filmis fornmed between

the ferrite layer and the netal nagnetic film The negnetic head
according to the present invention may have a structure satisfying a
plurality of the above-nentioned conditions. . Since the magnetic

head according to- the present invention has such a structure that the
metal magnetic filmis the lamnated jimagnetic filmfornmed by | am nating
thin Fe-M N nmagnetic |ayers and netal |ayers, Fe-nmetal conpounds are

generatedtarehtehgrmak inVBEEESH C1f WA, twﬁone 8 PRODELAE AoVt ¢

ql‘ ov
portions are ener at ed. I nce e above-nen IOﬂS acC

prevent ;{OpSFREE Of (RON&S élﬂygnplns rotating nagnetlzatlon i s enhanced
9 and the perneability in the hi gh frequency regions in the netal

magnetic filmis Figdsedi is a perEpRcTAFRELY fellCBNoRGAR U NFLéP RE the
present invention has such a structure that the average thickness of one

met al | aysequént fahpiduesetfalr Mguddct uhilng itheTadgnetibehfad #6t6Pdlidg NM
and to thé present invention in which a reaction preveﬁéive 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



t he thickness of one thin magnetic filmformng the netal magnetic filmis
made to be 0.05 [errfmto 1 [err]m Therefore, the preferential
orientation easily takes place in the overall body of the thin magnetic

| ayers attributable to the diffusion effect of the netal |ayers. By
maki ng the netal |ayers to have the above-nentioned thickness, the netal
| ayers do not act as fal se gaps. 12 Mor eover, the magnetic head

according to the present inVention IS structured such that the ratio of

the totalo t BhekfiSsedtl [RPeABISh liAYOIRiIEN Eu®sTRhRksMBONLt 6 ihehMmdny made
to be not nore than 6 %of the total thickness of the nmetal magnetic film

or not niHwegddwded, W % of the thin magnetic filns. Therefore, reduction
in the effective saturated magnetic flux density can be significantly be
prevent ed. Fig. Qt7hdrs abjchairs, sheatingeX-zas ddfénsagisn ofatbernsivent i on
wi Il be evident fromthe follow ng detailed description of the preferred
enbodi meme ta Hamagridiekt i i Jawssj unction with the attached drawi ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a cross sect.ional view
showi ng an examﬁ;ﬁg ofi8yis a characteristic graph showing the relationship

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 layer 2 and a Pt layer 3 servzng as the metal
layer and made of Pt. The 1am1nated magnetic film 1 has such 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



10 tam nated magnetic filmaccording to the present invention;

Fig. 2 is a characteristic graph showng an X-ray. diffraction pattern of a
| am nated magnetic film1l and that of sanple Ain a state where they are
subj écted to heat treatnent; Fig. 3 is a characteristic graph
showing an X-ray diffraction pattern of the |am nated magnetic film 1 and
the sanple A after they have been sppjected to heat treatnent,;

Fig. 4 is a cross sectional view shoWw ng another exanple of the |aninated
magnet i Fré-+TarMmchoghetjct Qalyle® pz esenthd nmerhiloMayer of thei Qlamiraeted
characteristic graph showing an X-ray diffraction pattern of a |am nated
magnet | onggriat il fidfmorle issnbtetimitéd beatherR@atheyer, 3 made of Ftg. THe s
a characteristic graph showing an X-ray diffraction pattern of the

| ani nat eme W nlaer maynbeomainkby madehjodceecrater hehtselastiadefrom a group

Fig. 7 is a perspective view showi ng an enbodi ment of a nmagnetic head
accor di neeRP s hing bR, i Ieftg§oFt, Pd and Atig g js an enlarged plan

view showi ng an £52eR0i8l PROGRLRD Sleddts SIS s g™ estdge g2
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.



Fig.. 9 is an enlarged cross sectional view showing a netal magnetic film
of the magnetic head according to the present invention; Fig. 10
is a perspective view showing a step in the sequential process for

manuf act uri ng the magneti c head accordi ng to the present

I nvention in which a track width restricting groove is fornmed in the

substrat e; Fig. 11 is a perspgctive view showng a step in the
sequential process for nmanufacturing the magnetic head according to the

present inventiop ig %LEgzﬁe'&S@gt lt.?x@ He &er\;geaetgéntm s pétofﬁ%ie Hg a st ep

substrat e; 'S an enl arged perspective view s

in the Eﬁﬂﬂe'}*e'—é"a—lﬂr%ﬁﬁeiﬁ regekaci uihBquhBs @ENehaCingad peEOiCd Ny
to the present invention in which a thin Fe-M N nagnetic |ayer is forned

on the reasétant p§L£\EBE65 diigstrom and forméd. idfo i badyereatgedd cubic
perspective view showng a step in the sequential process for

manuf act biat hgce hes tragrtatriec teaBCCaciarutitngret)o t heFer dsesnt ai rheantdnary | of

which a Pt |layer is forned
orientation (110) because of the BCC structure thereof 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—centered cubic lattice structure: (an FCC structure) The
Pt layer 3 has . a tendency of orientation (111) and a grating 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



on the thin Fe-M N nagnetic |ayer; Fig. 14 is an enl arged
perspective view showng a step in the sequential process for
manufacturing the nagnetic head according to the present invention in
which a thin Fe-M N magnetic layer is formed on the Pt |ayer;
Fig. 15 is a perspective view showing a step in the sequential
manuf acturing the magnetic head accordisng to the present invention in
rh:chha state i? which the reaction. preventive filmand the netal nmagnetic
Il m hav e S | Fi | gga
per spect ?‘vgg \E/;ife‘\s/)vﬁgsrﬁgymﬁg sgbgcw&)lhrﬁea %%%kﬁ%":ﬁ‘sﬁr’é‘geg Fgr 19, Aet
manuf act E'ngdtQﬁdnﬂHﬁet'ﬁh@eéga@ mﬁrg H8e d of Rh is 2.19653 angstrom,
12 to the present invention substrates are joined and
integratQflat of Ir isFi2g.21645i San%scthﬁfni, thaw RE Ag dy @.13558Ct amgspabmgr ns
of metal nagnetic films; Fig. 18 is a characteristic graph
showi ng ttmatr elfaPd oisi® 24635 angstrom and that of Au is 2.35478 angstrom.

process for

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
1am1nated magnetic film 1 so that a satisfactory soft magnetic
character1st1c is realized.

Note that the grating space in the thin Fe—-Ta-N magnet1c
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



bet ween the nunber of magnetic |ayers and relative outputs; and

Fig. 19 is a characteristic graph show ng average thickness of one Pt

| ayer and the relative outputs. DESCRI PTI ON OF PREFERRED EMBCODI MENTS OF
THE [ NVENTI ON Preferred enbodi nents of the present invention wll
now be described with reference to the draw ngs. A | am nat ed
magnetic filmaccording to the presenlé invention has a structure formed by
lam nating a thin magnetic layer and a netal |ayer. The thin

magnet i cPNF\a%/'éfr e%sxa'e fakpoef thhm n@%ﬁrtétgsealny Fé[*elw L] éraw]am[%rwl}en
where M|s g %]ng one of Ta, Zr , B/D S; XV ISX and
z each |’nH|b%1t% WYY bePE%ﬁ?“Enﬂxﬁﬁfﬁév?eYéﬁoﬂghf' €ag°tl Tﬁ?}‘]'bk B5, 6

[err] vy [ersr] 15 and z[err] 16. A |l am nated nmagnetic film1l

accor di n {lb ‘f‘ﬁ?%ece?rb as shown in Fi g. 1, has a structure formed
by lam.nating a I}![gatg t| a r ervipg as
the netal | ayeémagnled tnlgegegta 1 ré?’hefcltél%yﬁa gﬁggnént | gle?xﬁ f? ﬁag isgch a

structurentdid fotdn bl BhEecFﬁsi\LiTPﬂri@tl'a%é:a)ﬁRu%g' £hé FEAteAcRre, athe
ceram c substrate 4; and the Pt.layer 3 is lamnated on the thin

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



13 Fe-Ta-N magnetic |ayer 2. The metal |ayer of the |amnated nmagnetic
film1lis not limted to the Pt layer 3 nade of Pt. The netal |ayer may be
mai nly nade of a material selected froma group consisting of Rh, Ir, Ag,
Pt, Pd and Au. The thin Fe-Ta-N nmagnetic |ayer 2 of the | am nated
magnetic film 1l having the above-nentioned structure is, by a neans, such
as sputtering, formed on the ceramc ggbstrate 4 to have a thickness of
about 0.5 [err]m The Pt layer 3 is, by sputtering or the |ike,
formed emchha sbrdckardathatngnet thitkyess &f tthdaeramiidhistibeesatel andout
3.0 nm The thin Fe-Ta-N magnetic |ayer 2 of the lam nated magnetic film1
i's fornE@ea$hanuﬁa—TaﬁNmm&tﬂeﬁmcIb@!ﬂr wére t hhe oshme lBandhet Hem2naltader 3
of the lamnated magnetic film1l is forned as a crystalline |ayer.

After timaesiedic fddm dnediangaver.hihe sbdckngssnaf cthe (49, laygendisedhe
magnetic film1 is subjected to heat treatnent. The heat treatnment is

per f or P AF tihat ©fe Fﬁhfﬁatéﬂeﬁaanetlc film 1 is heated at 550[err]C

or one hour | NS i3 Ral el ot kS EEbnd! FRABF LS e o
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2 of thepgerved 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



| amnated magnetic film1l as a result of the heat treatnent above.
In order to efficiently mx nitrogen atons into the thin Fe- Ta- N magnetic

| ayer 2 of the lam nated magnetic film1, the Pt | ayer 3 and the thin
Fe- Ta-N magnetic |ayer 2 are | am nat ed.
14 In a state before the heat treatnment.is perforned, the thin

Fe-Ta-N magnetic |layer 2 includes aFgghaving a lattice constant of 2.8665
angstrom and forned into a body centered cubic lattice structure (a BCC
struct ulepinataBemfigse i ¢ enNilancly «afd tdre esaimgtlieor (alre0)shvemalincFog.t Be BCC
structure thereof and has a grating space d of 2.02692 angstrom On the

ot her hand, theAfPt cdmybe 3uhderstoéedt feomcoRigant3 of theo2neakingst r bhreand
formed into a face-centered cubic lattice structure_ (an FCC structure).
The Pt ordpatatinns of trbdnenc(ibt) opfehhat iFdn Yavay Anhas giseprgasedce d
of 2.2655 angstrom On* t he ot her Egn‘dt nitrogen atqQns_are forned
into a JMSe 2whtth SRR dindarstioad thakoPinatens feRming e Rtadeyse tine

and {he oot 155er SRS LIRS, BR8O'0HY i, [Bpfebitnotbher er 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
(1}0) of aFe are observed in the graph of the sample A, as shown
iﬁ;.Figi 3. As can be understood from fhis, small- crystal
particles of aFe are.precipi.tated into the thin Fe—fa.-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.



heat treatnent so that Pt atons are diffused into the thin Fe-Ta-N
made to be

magnetic |ayer 2. Since the grating space of the Pt layer 3 is
somewhat |arger than that of the thin Fe-Ta-N nagnetic |ayer 2,
grating space is enlarged in the thin Fe-Ta-N nmagnetic |ayer 2.

nitrogen atons are introduced into the w dened grating space so that
th Ta which is a chemcally active

nitrogen atom are sel ectively bonded

t he

Thus,

element. As a result, small crystal pgétfcles of -aFe are generated in the
thin Fe-Ta-N nmaggeldesdrabd atdvk, t BRECHHiRnthRe oGt p Lartdla RED T b3t i C

of the thin Fe-Ta-N magnetic |layer 2 is inproved. The neta

| ayer

accor di ngniaq 1t kiry se@EloGarritc IRY ofe dFei ah be enhanced in the laminated

15 nmde of one type selected froma group consisting of Rh, Ir, Ag, Pt,
Pd and Awmaghed igr Htiilmg IspacdodadinBhthe Pt 198%8r adigbe riwen in tdratteaft Iwi tihs

2.21645 angstrom that of Ag is 2.35592 angstrom that of Pd is 2.24635

angstromthed thie dfeAlaiN magaavicangtemn?. Sj Bbateatthr othehe amimedsidhg
netal elenents Rh, |lr, Ag, Pd and Au has a grating space, which is

sonmewhat

W%ﬁ%ﬁﬁiﬁhgﬁlbhéﬁﬁQﬂqgﬁf to the present 1invention 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
limitgd éo the above-mentioned structure. The laminated magnetic
film 1 has such a stfucture that the Pt layer 3 and the thin Fé—
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 structufe that the Pt layer 3 is formed on the ceramic

substrate 4; and the thin Fe-Ta-N magnetic layer 2 is laminated



space” d of 2.02692 of aFe, nitrogen atons can efficiently be mxed into
the thin Fe-Ta-N nagnetic layer 2 simlarly to Pt atons above.

The | anmi nated magnetic film1 nmay have such a structure that the Pt |ayer
3 contains at |east one element selected from a group consisting of N, B,
O and C. The Pt layer 3 having the foregoing structure has a tendency of
the lattice constant being enlarged. 2 hus, the grating space in the thin
Fe- Ta-N magnetic |ayer 2 can be enl®rged. As a result, nitrogen

at om can oreftineciPénihyebe3ni xkliso rtitee tlmnirhited-eegaebiongithi © Rawyiig 2 hef
the lamnated magnetic fillm 1l so that a satisfactory soft magnetic

char act erdt@viermentioned; st ructure and Nsudjelcdedt Ho gthei digregairgi meialte

thin Fe-Ta-N magnet.i 2 may effectively be enlarged by a neans for
al | oyi ng PieatmaTnd s BPhFr%P iy ep requeired taﬁéSﬁeFlmlmr%qt@mﬁnc
However , exces veI enhancenent of, .t he_dj ffusion eff|C|en of the Pt
layer 3 with resf)flect ¥amf'ﬁ%€ ‘gf magnetic f:’ei“\'a%‘:r?ﬁ A8€i 9 a§réf’ pPresgntons
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the 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 tﬂe 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 conéists of 36 layers and has a total thickness
of.@bout 4pm. The Pt Iayer 13 has a thickness of about 2.0 nm.

The laminated magnetic film 10 having the fopegoing

structure is manufactured by a thin-film forming method, such as



16 prevent excessive fall of the nelting point of the Pt layer 3 when it
Is alloyed or prevent excessive rise of the solid-solubility wth respect
to Fe. . Since the Pt layer 3 of the |lam nated magnetic film1l is
in the formof the crystalline |ayer having the FCC structure, the smal
crystal particles of aFe have substantially the sanme crystal orientation
when precipitated into the thin Fe_T?ﬁN magnetic | ayer 2. That is, the
Pt layer 3 having the orientatio (111) attributable to the FCC
struct ur ephtiver ing; ysuch thatertthat itdrin FenflaoiN ghaigaet itcof i tmsisl 2igasdat he
crystal 8artic|es of aFe to be oriented to plane (110) when diffused in

t he thi nPEela¥ersnkdere altennately formed onsthe cemgmier yubstrate 14.
directiOﬂgof aFe is controlled in the |amnated magnetic film1 so that

the | am ABEBd tRYndaminatesd 1mpgretic i fikm A yi8af ¢ SiRihfetliyc to the
characteristic

LT fi f di f fusi f the Pt | 3
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bei ng controll ed, ol I'owm ng exper

Initiallgyepanp! §tFu&‘@@rém@HL%CttWeEdtdﬁf\aaﬁeL‘?abﬁ %@n%ﬁ;ti@d_fli 18 A2 are

a-conpari son with the above-nentione m nated magnetic film

sanpl e AsitadkedCBnathbrpet tdyer ¥t PthatbhsNf5emiAgNthe 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 oFe are dispersed and
precipitated 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
crystal particles of aFé are precipitated.

In order to confirm the foregoing fact, the X-ray
diffract;bn 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 shoﬁs the X~ray diffraction pattern of the

laminated magnetic film 10 after it has been subjected to the heat



magnetic | ayer was | amnated on a ceram c substrate, simlarly to t he

| am nated magnetic film 1. Moreover, a SiQ2 |ayer was | am nat ed on

the thin Fe-Ta-N | ayer. Note that the sanple A had ,

17 such a structure that the thickness of the ceramic substrate and the

thin Fe-Ta-N magnetic | ayer were the sane as the lamnated magnetic film

1. Moreover, the thickness of the Si@ layer is the same as that of the Pt
| ayer 3. The X-ray diffraction patterns of the | am nated magnetic

film1 apdehbfiefe™! g1800EHE" 8- §Hpjﬂ§$29ak Eﬁﬁ%a££ ngPtth@BEE? ﬁ€§g ved

by an X-ray diffraction apparatus analysis o

di ffract nggnpeitetdemofo then) AlEdalRG APARCIEnp 10! erail Lsa@@let Reta2BtEmé
before subjected to heat treatnment are shown in . As can be

under st oedrf formEng. tRe Matyl al Ppek DE smwmnitratmcgm- ofs pran®.(111) of the

Pt layer 3 is observed. Therefore, a fact can be understood that the

| am nat ed magnet As cén| e lundesrstodd of iIdn (Ritgir 6 ,t loail yt [pd aldte [(dye) 3fi Btt he

crystalline layer and the thin Fe-Ta-N nagnetic layer 2 is_the :

non-cryscapisitad is observed in a case where the metal layers 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



| ayef. Since no peak is observed in the graph for the sanple A, a fact can
be understood that the SiJerr] layer and the thin Fe-Ta-N magnetic |ayer
are anor phous | ayers. Then, the |am nated magnetic film1l and the
sanpl e A were subjected to heat treatnent. The heat treatnent was

per f or med such that the |am nated magnetic film1l and the sanple A were
heated to 550 C for one hour in a vacuum After the heat treat ment,
the X-ray diffraction patterns of thé3| ami nated magnetic film21 and the

Z?PPlgcﬁggﬁkggf?z £VF9%Q¥h£ a g@y tthf é“¥4£¥h§¥¥%ﬂﬁ§éﬁ%t1c ?11T8&6y
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of the %tlah@y@n@)wgmﬁapra%@%ql pIFH§c1@sf@f_3talfeaEsb€oHB£iFé§tvﬁCtd\ fghat Pt
atons formng the Pt layer 3 are diffused .in the thin Fe-Ta-N

magnet i @pliay Pe-Td~N maguetadequyey, ihhehpedsraf ofhe Singnd aldywr of plane

(110) of aFe is observed in the graph of the |am nated magnetic film1l. As

a result, aFe fheci pttattdren dhe dranmenmdosd meminedfc &i Imagnetsiac n 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
correspondlng magnetic—core substrates 23 and 24, which are sub-
core sect1ons, and metal magnetic films 25 and 26 which are main
core sections, 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



the formof 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 sanple A, as shown in Fig.
3. As can be understood fromthis, small <crystal particles of aFe are

precipitated into the thin Fe-Ta-N magnetic |ayer attributable to the
above-nentioned heat treatment whilegghaving orientation of plane (110) in
whi ch a high degree of dispersion is realized. When the X-ray.
di ffractriesnrpattiagngebovae Rani a8, ed9 angnadvi dofri Irestrantdihpathef tthek
sanple A are subjected to a conparison, it can be understood that the
ori ent awiidthofTw| @afe tlidlmagietsival gapr y&t al Epeht iofl ethef tmaedi pwidtked aFe
in the lamnated magnetic film 1 has been enhanced. The thus- realized
result ires¢gdsddngr §noevesct2T.hA8 Pt2hi ahd 3%rh§ﬁgatﬁérPﬂlP§yéF° shappj ch
Is the crystalline layer, are diffused into the thin Fe- Ta-N nagnetic
| ayer > formed from a position adjacent to eacﬂgof 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 magnetic recording
medium and to prevent unsymmetrical wear occurring 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
hdving"a U~like~shape facing side to restrict 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 magnetic—core substrates 23 and 24, the metal
magnetic films 25 and 26 beipg formed in the corresponding main
surfaces 23a and 24ea 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 front 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



As described above, the orientation of plane (110) of small crystal
particles of aFe can be enhanced in the |am nated magnetic film1 by

| ocating the Pt layer 3 to be in contact with the thin Fe-Ta-N magnetic

l ayer 2. That is,, the lamnated magnetic filmaccording to the present
I nvention has such a structure that the nmetal |ayer and the thin nagnetic
| ayer are lamnated so that the crysp@al orientation of small crystal
particles precipitated into the thin magnetic layer is controlled. As a

result, gdgngerming NburPdcdd a3 fa faid 22410 €He Keivds | By aina Fhioaknass of
the metal |ayer and the heat treatnment conditions enables the perneability

i n the dnagnétdd cfrd.he THY eletads mafgnietdc Ifdlmsakédantdnpbeire fdrmded drp be
controll ed. Therefore, the |lam nated magnetic filmaccording to the
present theeimnen sufages ofotheverackeqidtiked esifntiatdgecgiroovaar 2¢t 28 sti c.
On the other hand, the | am nated nmagnetic film 1l has such a structure that
the Pt | &d§ednd 30\eiscieild epcthetmgin spafaces 2panendtip eoProsdtehte Fhe Ta- N
magnetic | ayer 2. However, the |amnated magnetic film 1l according to
this eanﬁFﬁEﬁf°T§°ﬁ6ts“??ﬁ??%ﬂﬁt63th%da%6ve-ﬁﬂﬁtWSH%H BRERetif of 1 125

AR N e T i L
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. , . ghetrc fiim.1 y be Tornet
The metal magnetic films 25 and 26 of the magnetic 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



I nto such a structure that the Pt layer 3 is formed on the ceramc
substrate 4; and the thin Fe-Ta-N nmagnetic layer 2 is | am nated

20 on the Pt layer 3. Also the |am nated magnetic film 1 having the
above-nentioned structure and subjected to the foregoing heat treatnent is
able to have a required soft magnetic characteristic. The | am nat ed
magnetic filmaccording to the present26invention is not limted to the
above-nentioned structure having . the thin Fe-Ta-N nmagnetic layer 2 in the
formof gtgubBglueel ely£t . th it majghetlicr € iy Be £mdl 26 ad-e Tosmedhiato
plurality of thin magnetic filnms are | am nated through nmetal |ayers.

For exanghe, laminatadt edgmeghet £¢lhs| rath canisiigtiest pfn theaghéni Eef-M-Ns as
shown in Fig. 4 may be enployed. The lam nated magnetic film10 is
conposedmegn®s ichiayFe-and NheaBhel pxefi | facip ofaphliepnetal sagned ica i 15
which is forned between the thin Fe-Ta-N, magnetic filnms 12. A | am nate
consi sti #§ 8ndt RE i rrEshorN imdget ¢ ini FRdchoonhy the "Rtaila%gé‘ef's‘care

i ¥, Ko o e A LR
formed by alternately laminating the thin Fe-M-N magnetic layers
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 ahove-meptioned_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



of the thin Fe-Ta-N magnetic filns 12 and the Pt layers 13 and the ceramc
substrate 14. Note that the netal |ayer of the lamnated nagnetic film 10
is not limted to that made of Pt. The netal [|ayer may be made of Pd or
Au. The thin Fe-Ta-N magnetic film 12 of the |aminated magnetic
film 10 consists of 36 layers and has a total thickness of about 4[err]m
The Pt layer 13 has a thickness of aboy 2.0 nm The | am nat ed

magnetic film 10 having the foregoing structure is manufactured by a

thin-fil nfQeidid otethed redétiofSpreventive film 33 to be more reliable, 21
sputtering, such that the thin Fe-Ta-N magnetic filnms 12 and the Pt Iayers

13 are al iy Ndad) 8 Sro PRy it itviee FIEMABX mehHe atin IplaceTheh Pt handdemiotat ed
magnetic film10 is, simlarly to the [|amnated magnetic film 1, subjected
to heat t4apéteEntelement, forSiexampilleg THuysMoernWfaCrur¥d Canonali&d esNATER | C
film 10 has such a structure that the thin Fe-Ta-N magnetic filns 12 are
stacked om melktimg p@jiet 1Rt Ppwarotkan ol FRHC i ehimh iy dhe nelbing PR IFYsed
into the thin Fe-Ta-N magnetic filns 12. Si nce each of he thin Fe-Ta-N
magneti c ©f |- 1ThesTRaLHipRt BERYCRbbY frf i Ly ddsmay be made of a > compound,
such as SiaN or A1203, in place of 3102. or formed into a 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 thickness of each thin Fe-M-N magnetic layer 35

forming each of the metal magnetic films 25 and 26 of the magnetic



13 inm the direction of the thickness of the |am nated magnetic film 10, Pt
atons are diffused fromeach of the Pt layers 13. Sinultaneously, smal
crystal particles of aFe are dispersed and precipitated into each of the
thin Fe-Ta-N nagnetic filnms 12 of the |am nated nmagnetic film 10.

The crystal orientation of the small crystal particles of aFe is’
controlled by the influences of Pt at when the small crystal particles
of aFe are precipitated. In order to confirm the foregoing
fact, thead{20a)is didde and ibe" EAIS qin) €©F 06 dnlm MEHee e vty ith ifckines$0
before the heat treatnment and the X-ray diffraction of the sane after it
had beermfsiesjcdctRid Yayahed heftxdrningitennht ofrthobeetakdidgnetie Xidag 25
diffraction apparatus. Fig. 5 shows the X-ray diffraction pattern of the

| ani nat edntadgfetic 43 mm 3 obdi ®me the heat treatment is performed. Fig. 6

shows the X-ray diffraction pattern of the |[|am nated_magnetic film 10
after it has beetod@fv&fredheo tof@lndhickness of the Pt layers 36 in the

22 oot R SR LR A B 9B Bl el RO o
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

;he metal magnetic films 25 and 26 is improved so that the soft



for fformng the netal layer is shown in Figs. 5 and 6. As can be
understood fromFig. 5 only plane (111) of Pt «crystal is observed in a
case where the netal |layers are the Pt layers 13. In a case where the
netal” | ayers are the Au layers, only plane (111) of Au crystal is
observed. In both of the foregoing cases, the thin Fe-Ta-N nagnetic
films 12 of the [|am nated magnetic fijdgm 10 are non-crystalline |ayer and
the netal |layers are crystalline layers. - Anot her fact can be

under st ogrggtr{qu;tich%itartarcqgg_q%?tib 9 im/g}gbeahe | am nat ed magnetic film10 is
, allows X-ray [

subj ecte raction peaks show ng the plane (111) of Pt

crystal and plangp ¢hdlhaphe e Hysd 3o, FdiR @%&sbuhaxe&%t&&qu& as

shown in Fig. 6. In both of the foregoing cases, X-ray diffraction peaks

corresporgidigeltalt haghkdne fiins P Siwide Gbythat Rardikrd@SeOfc HFortidnS
obser ved. As a result, facts can be understood that netal atons

form ng tdwe ngeakrhégdrs ofihde |t ngérdravgdeipostiohs Hrtar eo plidvienzed
into the thin Fe-Ta-N nagnetic films 12 and that small crystal particles
of aFe hamavemernte ofi emegnébic ofdopledms,( 1188 aretat igveecimpenat égatonha s hin
Fe-Ta-N magnetic filnms 12. Since the plural thin Fe-Ta-N nagnetic
films 12 ephanged angs ndherpefarmet the fRermead kit o nthedigh dirgaudane bt

[ [ atons forming the Pt |ayers 13 is perforned
layers 13, o HITHST G0 Oeday ALE [formng the P Jgyels 13,is.p

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.



23 quickly. It leads to a fact that the |lamnated magnetic film 10 having
t he above-nentioned structure has enhanced orientation of plane (110) of
smal | crystal particles of aFe as conpared with the thin Fe-Ta-N nmagnetic

| ayer in the formof a single |ayer. The structure of an
enbodi mrent of a magnetic head according to the present invention will now
be described with reference to the dgaw ngs. A magnetic head 20

according to this enbodi nent, as shown in Figs. 7 and 8, is formed by

abutting a pair i@fitiaghly,adhblefd-1 il ¥abseiatad@ Phadle 8fGOfEr WxanliAe,
magneti ¢ head 20 manufactured individually on the two sides of a nagnetic

gap g | otmiZd fesulisbahs i pidpyardd | e stpwhainpbigi A0 .beThean 4 el yrailiay
surfaces of magnetic recording nediunms, the pair of the halves 21 and 22
of the nefjnétwe dor éhbeicege rahmymat tel Bygabd0di Agaskgnddth gegs t ifiortriing
surfaces 2la and 22a which are abutting surfaces. The hal ves 21

and 22 ofreeeesaighéndc3Borachrkavimpdseybstantdal l¥spERLTr AT ARRRIGROS Or €

substrates 23 and 24, which _are sub- .
sectgonal é%ape are formeg 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 orﬁér 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
preventi;e film 40. Then, as shown in Fig. 13, a'Pt layer 42 is
formed on the thin Fe-M~-N maénetic 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



core-sections, and netal magnetic filnms 25 and 26, which are main core
sections. Each of the nmagnetic-core substrates 23 and 24 is made of a
soft magnetic oxide, such as Mi-Zn ferrite or N -Zn ferrite to forma
sub-core section form ng a cl osed nagnetic passage together with the
metal magnetic filns 25 and 26. The magneti c-core substrates 23 and 24
have, adjacent to nain surfaces 233jand 24a of the nmagnetic-core
substrates 23 and 24 opposite to the magnetic gap form ng surfaces 2la

and 22a,rig aqls W flble that the thin Fe-M-N magnetic layer 41 i24inf@&Sidd-cting
grooves 27, 28, 29 and 30 for restricting the track wdth Tw of the

magnet i ccrgstpa Y. statwicin cfhe tdbbvid-adntiodidd statleri cting grooves 27, 28, 29
and 30 has a circular arc shape forned froma position adjacent to each of
two ends of the Asvadreet hingie—N-N magree tdia dayeond df & thidepabnefi¢hiilm
magnetic head. Each of the track width restricting grooves 27, 28, 29 and
30 is fofl sadilt eeysoml nadndietTarl edisal fgmedsych Tatgl bss, the opetsl to
mai ntain the contact characteristic wth the nagnetic r cording1 medi um and

to preveRt8BRtITmEHIT 4G R SRy sJustryedmrg /g Fe-Ta-N"layep/Phin

surface gda.0f the PRODSIRSFOUE PAPSH/AL & vk, |

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



t he magnetic-core substrates 23 and 24, which is opposite to the.
gap form ng surface 2l1a, has a coil receiving groove 32 having a
U- | i ke-shape facing side to restrict the depth of the

to wnd a coil (not shown). The coil receiving groove nay be forned in

ot her

magneti c core substrate 23. On the other hand, the netal

magneti c

magneti c gap g and

t he

magnetic films 25 and 26 serve as thgypmain core section formng a closed
Magneti c passage together with the magnetic-core substrates 23 and 24,

net al

mepreetiivd nfg groo28 hadifig becngs$oseetiom imethorfesparfdianf-shape

surfaces 23a and 24a which are opposite to the magnetic gap formng
surf aces Z’-I%%"@n& igdgaignfopned nitrthes sutedanteppbbet el b retri iagharooveor e

substr at 2 %nd 24. ~ Each of the netal  magnetic filnms 25 and 26 is

f or med fr Pd'ﬂ‘tedgéﬂ ﬁoﬁiif%ﬁt{‘b“apew*g%‘gaﬁortﬂ &he spetagerin wiveh
opposite surface nd 2Qa. t he net al netig films 25 and 26 are
f or med m@% $ e a% restticting'groevd 137 25 gap

t he

f f d f
Tﬁremrrg?alsu;ragﬁgfl%lje %ssgéz an&"égggpgk gg?red sgﬂaq:e%z f¥r LhE nlBELd G

is formed on the metal magnetic film of each substrate, the SiOz
film having a thickness of 100 nm.
As shown in Fig. 16, the substrate 37 and a substrate 45

having a coil receiving groove 44 similar to that of the substrate

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 érystal particles

of Fe-Ta-N is formed.

At this time, the diffusion effect of the Pt layer 42
causes intense orientation of plane (110) of aFe to take place in

the thin Fe-M-N magnetic layer 41, which is the thin magnetic film

of small crystal particles 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.



the. inner surfaces of the track wdth restricting grooves 27, 28, 29 and
30 as well as the main surfaces 23a and 24a opposite to the nagnetic-core
substrates 23 and 24. The netal nmagnetic film25 is as well as forned on
the  overall surface of the inside portion of the coil receiving groove 32

or a portion of the sane. The metal magnetic filns 25 and 26 of
the magnetic head 20 are formed ingg |am nated magnetic filnms each of .
which is conposed of a thin magnetic |layer and a netal |ayer. ' The

thin magnetic | apterthias td megnmFesiPiti eompeleads] Mrer gkhbeat¢d wrertthd/ime tsa lat

| east any one of Ta, Zr, Hf, Nb, . Ti, Mo and W and x, y and z each

i ndi cat esagnebipeficantd3and hbEdsmaghet i onkhy hard portdenf argegefer®ird 6
[err] y [err] 15 and 9 [err] z [err] 16. The nmetal |ayer contains any one
of Pt, Pindhe netad prEnebipohb er 8bpce thfe abRyfsMmentieRad 2Pe rwkRRF di ng
to this enpbodjnment is tthe Pt Ia\éﬁr. : JThe r%Qtletic hgad 20 has such
a struct BFE tHat B onmOyERGRL: i 08 TIEReYF o fre FOPNefPbAting
correspopdi . I ¢=C trat 3 d 24. t.he -net iCc
i oBagAgesBREPEh, 57 8hRaRUBE. o8, Thats A lendllhs [l TRLISTRERN' O
forming CAEoRenbErFeEgons 2 ohe LD ndhFd S R e et i ¢
films 25 and 26 Aage desvamnead {ov€st thet suNGaald ofs Ohadihg! Sheddapeil

As described above, the nmagnetic head 20 has such a

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-Te~N and the Pt layers, is fbrmed. In order to prevent
generation of defects, such as breakage.of glass, attributable to
the stress of the magngtic film, a mask or the like may be used
to prevent forming of the film on.the overall surface.in the coil
receiviﬁg 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, éhe main surfaces, whicﬁ are used as the joining
surfaces of the magnetic recording mediums, are grouhd 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



26 structure that the netal nmagnetic filnms 25 and 26 are formed into the
| ami nat ed magnetic filnms each consisting of the thin Fe-MN magnetic |ayer
and the Pt layer. Each of the netal nagnetic films 25 and 26 is, as shown
in Fig. 9 in which only the metal nmagnetic film25 is iIIustrated, f or med
into the lam nated magnetic film fornmed by alternately lamnating the thin
Fe-M N magnetic layers 35 and the 4I ayers 36 on the reaction preventive
film 33. The thin Fe-M N nmagnetic layers 35 and the Pt | ayers 36
may be f®otmectiye ainachimhmethed thoin f orgneyia tihilmsf iéfn ssadi asrystalcuum
evaporation nethod, a sputtering nmethod or an ion plating nethod. In this
case, inpeehieles ofie RgnRadt i iy pmodeyeds amnthee té\dhvé’c?-b&'l‘*f onggnet ide

apparatus into. a nulti-target type_ structure. When the reaction
prevent i YBYEF} ntlas metelopeatd iiony dndpeaped dyalhe symhol EhpeyoRepraeEhtrve
111035, BReRR) 21b8eRR, VoL onTRo B oot i AN BSkoolhe, ‘£ %6 LaBMr
](c)fl';nhgg)am%?ﬁggggwggdpggggss Wr\%'é:mpf?;ded When the reaction preventive
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 °



| ayer, the diffusion reactions taking place in the interface bet ween t he
magneti c-core substrates 23 and 24, which is nade of ferrite, and the
nmetal magnetic filnms 25 and 26 can be prevented and, thus, formng of a
reactive layer, which interferes with an original magnetic flux generated

fromthe nmagnetic gap g can be prevented ' In order to nake the
di ffusi on reaction preventive 27

function of the reaction preventive f|In133 to be nore reliable, the
react i onmpgrgeit i layensm 38 n‘ia‘ye beneﬁml pIma@Eaedficpt £ikpdarem theetplane
el ement, for exanple, Ti, Co or, Ni,, havin a neltin

ot TowePT LSRIARLDD €f te i ﬁerr&-ﬁbm%tﬁ(ﬁ Heveg: w8 iRKESEbaFrEn
Dreent Ve, L1 M 25, A Bee g o B COUPRUPS e U8D, Fim PR R Bthn
o L he FROLERAIOEL, B, AT e, go, pitn' ot BREAIR. Fiahg,
10 nm | faihend W1chR§eSs 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 investigete 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 frem 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 effect 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 been



Is smaller than 1 nm the reaction preventive effect becones
unsatisfactory. If the thickness is larger than 10 nm there arises a risk
that the reaction preventive film33 acts as a false gap. If the reaction
preventive film33 is a non-magnetic film the reaction preventive film 33
must be a thin filmnot to act as the fal se gap. The upper nost
filmof the |am nated magnetic fil m igrm ng the nmetal magnetic film 25 of
the magnetic head 20 nay be the thin magnetic Fe-M N | ayer 25 or the Pt

| ayer 2dormed.  Thugs zanpgiacd wescAAETRAS RN fdieal Sobynaeesetirm 26
formed on the other ore substr

.magnet|c te 24 is fornmed jnto th
ol £ | SSRGS ABEPE fEO5H LPREOE HERE RN RERRSARD R (114 Afdm Yagng
the Pt I, j m ly to th | ' i, | : T

t hiecknes‘g'}i%‘l[d Veezic'hm #ﬁ%n¥?ggﬁﬁ f\fe'ﬁan'g{]&‘fga%@teﬂrec %ltaq}](%rﬁmf ﬁﬁme%hc% to'}"{]%ee “net al
nmagnet i Gy fy | - and f:1h net.i.c . . as

28g he:a ﬂ) '{{%g‘?n%di:@t%)gg%po.l%ﬁf‘g??] %h%om&tgl[grorr]tnﬁon ﬁglg\?éfgggyt r%ihc?kness

of each Fmbsy e 86 {ISTREY RECA K 1ddn Bl A8 weDNedd Ctid | 4in’ maght 26 1S

0.3 nmto 7 nm
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 thi¢kness 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



Moreover, the total thickness of the Pt layers 36 in the netal magnetic
films 25 and 26 of the nagnetic head 20 is 6 % or |ess of the overall

t hi ckness of the netal magnetic filns 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 nmagnetic filnms and Pt in
the Pt layers in the netal magnetic 37 | mmay be nmade to be 5 atontoor

| ower . As descri bed above, the magneti ¢ head 20 has such a
structurgaygag the thin Fe-M N magnetic |layers 35 and the Pt |ayers 36
are, as netal magnetic filnms 25 and 26, | am nated on the nagnetic gap
form ng surfacesrt?é.&@%&%&dofmtbatpahg wéaddiced hal wedngl aahdad2f Dfed-he
magneti c core. The thin Fe-M N magnetic |ayers 35 are, as

descri betlyphedruncsestiqut wbihlef mekhbngrebhe aetlatiivg spekddtovtd 3b@ pésfanded,
formed such that mcrocrystal is generated froma non-crystal state by
subj ect i fijet hrequemey fiYarde d MHE -heAs ereegorting |heade 2t NI§- head was
manuf act ured magneti ¢ head 20, the diffusion effect of the Pt _| ayer
causes |ﬁf“€|‘|§¥e r’r‘éﬁ‘ft%ft‘i‘bﬁhefilﬁﬁ’%‘? %?’es’tof‘tlé'l?ewﬁrﬁce“i’ Pard efdp; °F@9MN

magneti c Ia rs 35 a%ter t he h u:eat rrenthhas eren perfornmed. As a
resul t, Pﬁe ﬁl PEER’ §°0FaPhe Ao M8 nefhietic filns 25 and

26 is inproved S?1Emﬂlér§h§9gtthe 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 understood from Fig. 18, the laminated magnetic
film included the Pt layers interposed therein so that the
reproduced Qutput 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



29 nmgnetic characteristic is | nproved. In the magnetic head 20,
Fe- Pt conmpounds are generated in the metal magnetic films 25 and 26 so
t hat .hard nagnetic portions are generated. Since the generated portions
act to prevent novenment of nagnetic donmins, the rotating magnetization
is enhanced and, therefore, the permeability in the high frequency
regions in the metal magnetic filns 23gand 26 is raised. Si nce the
magnetic head 20 is structured such that the average thickness of each of
the Pt MWapeconilrinednithg tt tbemetiflf usieanetfifecti lofs the Ptd 12§eirs wadeetio be
0.3 nmto 7 nm and the thickness of each of the thin Fe-MN magnetic
| ayers 3%ef aPavAgmenhéonedabreterent o f dmiemtdon 26 eashtcake pdage05
[err]mto 0.5 - [err]m the above-nentioned preference orientation in the
thin Fe-if hhengygeeild bogyr 8£35hgc&ddming attributable to the diffusion
effect of the E% | ayer 36 easi.l tages plLace in the overall body of the
film Since ea 83 t fum rl8§e¥§e3 hh%sF?ﬁﬁ'%U%%EE?ﬁ#ﬁikﬁ%ﬁfs e Ehes s,
the Pt 1AYqLS 38 @ ngé a S aps. tThe netj,c .head
accordig§'$3§Fhls &Nbo Png%{gﬁaéﬁéugngagﬁlCR"eSS ratic 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
oggqu (110) to take place attributable to the diffusion effect
of the 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 making 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 uniformity of the magnetism of the metal magnetic film
is furthermore enhanced and the soft magnetic charactefistic is
furthermore 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 3



structure that the ratio of the total thickness of the Pt layers 36 in the
nmetal nmagnetic filns 25 and 26 is 6 %or less of the overall thickness of

the netal nagnetic films 25 and 26. Therefore, reduction of the effective

saturated magnetic flux density can significantly be restricted.

A nmet hod of manufacturing the nmagnetic head according to t hi s enbodi nent
w Il sequentially be described. 39 30

Initially, a plate-like substrate .37 nade  of, for exanple, M-Zn ferrite

i s prepared, as ;sho in Fig., 10., Then. a_plyralit f (two.in the case -
shown in Fig. 1 “tt\'r%;icﬁ( e\ﬁ"(ﬂgﬂer'es‘t i"#EPS§S § Og\;:&)égg?gﬁé gg“éﬁ% *hHa¥tng a
substant i gLl peSegbetrk’ Gl crn’%?_sﬂ W A SiaPeard et o' PEC LN
surface 37a o% 1(:i eesubg%{rg"thg ) las S g%rrli i n il;'lﬁg 10. Tﬁe traéngfvavig?%

restrictpgrali POYRBcRIes£NGlf 30ne! P PayBEs | Rithe rdispeeti @8 @he bokcgXBNPI €,
the width of the substrate 37. The track wdth restricting grooves 38 and

39 are thiordespast themeth midrest forf dllivianctheviedrodacklecoadpit as a
predeterm ned wi dth of the track. Then, a reaction preventive film
40 is, asfshbanmagnéiic head were investigated. : .

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



11, fornmed on the main surface 37a of the substrate 37 including the track
width restricting grooves 38 and 39 by sputtering or the |like. As the
‘reaction preventive film40, a SiQ2 |layer having a thickness of 4 nmis
formed in order to inprove the reaction preventive effect. Then,
as shown in Fig. 12, a thin Fe-M N magnetic |ayer 41 havi ng the
above-nenti oned conposition is fornmed4gn the reaction preventive film 40.
-Then, as shown in Fi-.g. 13, a Pt layer 42 is formed on the thin Fe-MN

= 41
formed ofoEKE' pittekflls  dPufe ey NaVerl, i NHIDHAa1T meBNEL 8701 En OB
layers 43e§Fecsequeehbabwra1i%D&Eﬁ&@%ﬂw | h PR et q !t Bina et al

magnetic film 43 is a lam nated magnetic film consisting of the
thin Fe-MN ~ nmegseéds b@Miderdbodadfrbn Pligl ay®| st 1dmdinfaRe@BlagAst § 0""”

in 31 Fig. 15. Note that %he t

Fe- M N n¥€diet | bavangr tYHei Pt nlayees- intyspoasedt atRerdin ham@bewesrreai,éoned

state. As the thin Fe-M N magnetic |ayer 41, a thin magnetic film
reproduced output. In the case where the average thlckness 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 dgteriorates 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 the overall th1ckness of the metal magnetic film,
un1ntent1ona11y exceeds 6 %.

As 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 causes the orientation of aFe (110) to easily take place.
As a result the uniformity of the magnetxsntof the metal magnetic
f11m can furthermore bg enhanced and 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 thg 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.



of small crystal of Fe-Ta-N is forned. That is, the netal nagnetic
film43 has a nulti-layer structure as Fe-Ta-N |ayer/Pt layer,..., /thin
Fe-Ta-N | ayer/ Pt |ayer. Al t hough the first layers is the thin
Fe-Ta-N |l ayer and the final layer is the Pt layer, the first |ayer and the
final layer may be either of the thin Fe-M N magnetic |ayer 41 or the Pt
| ayer to obtain a simlar effect. Althqugh the thin Fe-Ta-N -layer is

enpl oyed as th hin Fe- M N netic layer-41, .th tal . portion indicated
by sybol M rmyThE LRERERANEBFLPCLE cHihioq B ERSPERATEOR the Bhin(Fenr-

As descpihkadt 2ROV, he t b € the Si r t reaction
prevent i vg filmd4 ?'ts' ﬁé‘dghggﬂbﬁﬁq{%ﬁ% p%%g%hgng\%?éf?fbyt Hﬁﬁkﬁ%‘%@ bf the
met al MRODEt ARofhé A gt | | S t ¥ 4N SRS iFe—rh LM . Of he
thin magneti co films %mgﬁ“aﬁ'ﬁ' rcgf\systa ! %tiﬁthl cl es%o FgET&-'RF%%It{?Ie Pt

| ayers, lagelbe 4 [err]m Moreover, the nunber of the thin Fe-M N magnetic

| ayers 41 which is the thin nmagnetic filnms of small crystal particles of

Fe- Ta-N of the Aetd¢scridgmbiabovie,l thé3laninatedimapretix.film a'ecordi;[Een’ a
substrate simlar to the substrate 37 is prepared and a process sinmlar

to the &Sot¥benBRresentdpreatdon icaysesf seted molecuhes fomdngnitiehmetal
restricting grooves, a reaction preventive filmand nmetal magnetic filns
wer e forlr?‘é’g.r E°|\)B?_e‘3%/%$‘,'“‘é intiq the thin magnetic layer. The diffusion

effect 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 :;mal.l
crystal particles of oFe by adjusting the metal layer which is
l_a;n:linated together with the thin magnetic iayer. Therefore, the
a;bove—mentioned laminated magnetic film is able to an excellent
soft magnetic che;.r'acté-ristic in the direction c;f the thicknesé
thereof. o

The method of manufacturing the laminated magnetic film
according to t_he present inventio.n has the steps of- laminatiqg the
thin-ma.gnetic layers and the meta..l layers and subjecting the
laminate to the heat treatment. There:t."ore, the method according
to the present invention is able to precipitate small -crystal
particles of aFe, the cfysta.l orientation of whiéh 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



32 réceiving groove having a cross section in the formof a U shape faci ng
side is forned in the substrate, the coil receiving groove being fornmed in
a direction perpendicular to the surface in which the track width

restricting groove is forned. Then, a SidJerr] filmserving as a
spacer for the magnetic gap is fornmed on the netal magnetic filmof each
substrate, the Sigerr] filmhaving4& thickness of 100 nm As

shown in Fig. 16, the substrate 37 and a substrate 45 having a coi

L > ' Y,
agai nst "SRECHE AT Clocrt, hRhalls SR FUNRI B €1q, 30 Bk fRblEon
restricChifnghd’ @AYERNSSs BRerddsand 47. Then, a glass rod is inserted into

the coil receiving groove 44, and then heat treatnent is performed to fuse

the substrates BHeamdgdétidYhdde LE&HSding to the Aresdntslihiveak ibRenhgat
treatnment for fusing the substrates 37 and 45 by the glass, small crystal

i s fornsschn 4 hetrubhtarkEe-thiad mapeetliamirmatard 4daghe tic hdd lheeformed by
non-crystal state so that the thin magnetic filmof small crysta

particl demipptingTihr thinoFedd-N magnetic layers and the Pt 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 maﬁufacturing 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 enhanced 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.



e ————

At this time, the diffusion effect of the Pt |ayer 42 causes intense
orientation of plane (-(110) of aFe to take place in the thin Fe-M N
magnetic | ayer 41, which is the thin nagnetic film of small crystal
particles.of Fe-Ta-N. Thus, the uniformty of the nagnetism of the netal
magnetic film43 is inproved so that the soft. magnetic characteristic is

i npr oved. 43 At this tine,
‘Fe- Pt conpounds are generated in the net na netj %‘Il | m 43 so that
magneti cal |y hé\rlcf'hﬁ%‘%’\ bhe ipvenkirn é'PédbeFH ‘? itpiheRrefennadi3.

Si nce the abo\‘%.[ nment i ned orti on

domai ns® the 8 &t FRE ah‘é & Al oﬁaf‘gl‘éﬁ ent%m\é:g%?ﬁﬁs{)%ﬁe%q ity
~inthe &%E‘geseﬂ‘l“@@%él&gg Qnéf'%édfga er;eérqje g@ﬁ\t Eﬁnfﬂé @hﬁﬁ ba [2aed.

As descri above e su strate havi ng e col recervre ng groove 44
has, ingét@its ap cUndithuc?bhi hiNInIt RO VESmb Hfh th %daa@raneeaunétéﬁt e 45
ther eof, the SiJerr] layer serving as a reaction preventive I'm 48 and a
thin mepafwagriehbotf idePpat? ing\hf £ém i Shehegiaitnad.ed ﬂnenet:bﬁef Idfm ©he t he
thin Fe-M N magnetic |ayer which is the thin magnetic filnms of small
crystal ipeenttébmsas hereinafter claimed.



of Fe-Ta-N and the . Pt |ayers, is forned. In order to prevent generation
of defects, such as breakage of glass, attributable to the stress of the
rragnetl uuu,mumm the like may be used to prevent form ng of the
film on [unace in the coil receiving groove 44 when the
above- menti bned ™ | s are fornmed by sputtering or the like. Even if the
foregoing mask is used, the output deggting the reproduction is not

af f ect ed. Finally, the main surfaces, which are used as the
joining wiar flar @ MBI g gregnetic recording nedluns are ground into the
cylindrical shape. Then, sTi C|ng Is performed at the positions I ndi cat ed
by line a-a and |line b- b shown in Fig. 16 so that the magneti c head 20 as
shown in Figs. 7 and 8 is manufactured. Al t hough the description
has been ber f or méd melgneit ict head comprising: 34

structure in which the thin magnetic filnms of small crystal particles of
Fe-Ta-N is enpl B¢é8 af babfiport nsifonmigecni maghgpér, cohe amt & rmorgddon
i ndi cated by the synbol M nmay be another netal elenent to gbtain a simlar

effect. Wortov&ined &ng I"&Fegﬁ&ﬁﬁf‘a‘ﬁ’tiﬁlﬁ'@cﬁ)%@s“s sugh beabnprofases 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



present inventionis not limted to the

above head and the same may be applied to a variety of
magnet i “]“Em e scope of the present invention.
Al.t hdoug has been perfornmed about the npgnetic head -

according to the present I nvention and having such a structure that the
thin metal magnetic filmis fornmed ind5parallel to the magnetic gap, the
present invention may, of course, be applied to a magnetic head havi ng

such a styyddy ecbhihmt hge MAQN&l Co%p b%e{q@ﬁge%élrécttfé% alpyphi Ng %‘Fof CES

of nmetal magnetic filnms respectively forne di agonal surfaces,

are for eghdis i ¥wRIN CH t iol@nan@. i n which the magnetic gap is forrred.
Moreover, the present invention may, of course, be applied to a magnetic
head havi ng such a structure that the nmgnetic gap has an azimuth angle.
Exanpl es Exanpl es of the present invention wll now be descri bed
I n accd¥ danée magnte tries uldéad obceapéingentios.clafixahpl gherein said mdbelpl e
.1, influence of the nunber of the thin Fe-M N

' 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



5 nmagn c layers in the netal magnetic fil mupon the plane orientation
of t he i'ﬂﬂl’ﬂﬂpu’wﬂmgm ic layer was investi gated. A | am nat ed
magnet i am nating the thin Fe-Ta-N magnetic |ayer, which
was the thin Fe-M NSadpetic-films, and the Pt layers was forned on a
substrate made of Mi-Zn ferrite. Then t he | am nated magnetic fil mwas
subjected to heat treatnent at 550[ér5r]C and then the X-ray diffraction
pattern was investigated. In this exanple, the overall thickness of the

| am nat dxe trepretsacid ffidmites liaiyead and 4afidr mewadnamaghetavef at®. t hi ckness of
each Pt layer was fixed to 3 nm Mreover, five types of |am nated
magnetic filns were prepared which respectively had 6, 12, 24, 36 and 48
thin magnetic filns to investigate the X-ray diffraction patterns. Results
are shown in Fig. 17. Fig. 17 as well as shows results of a single-I|ayer
filmhaving only thin Fe-M N magnetic film having a thickness of 4 [err]m
formed on the substrate. As can be understood fromFig. 17, the
peak of the plane (110) of aFe is enlarged in proportion to the nunber of
the thin magnetic films. That 'is, in the case where the thin magnetic
films of small crystal particles of Fe-Ta-N are | am nated through the Pt
| ayers, the diffusion effect of the thin Pt filns intensifies the
orientation.of plane (110) of aFe in the thin



magnetic filnms of small crystal particles of Fe-Ta-N when Hﬂﬁﬁ“ﬁ F&gﬁpgu
Is formed in a non-crystal state by perform ng the heat treaBﬁE fer
the thin fitlm which is fornmed inthb the thin magnetic frims of small
crystal particles of Fe-Ta-N, has been

36 forned. Thus, a fact was confianmed that the soft magnetic
characteristic in the direction of the thickness of the filmwas inproved.
The foregoing effect can be obtained from:the thin Fe- MN magnetic |ayer

i n which the netgAyRRED SOFT MAGNETIC HPILNS AND MBENRTIC HEAR her net al
element, as well as the thin magnetic filns of small crystal particles of
Fe-Ta-N. Exanple 2 In this exanple, influences of the nunber (the
t hi ckness) of the thin Fe-H N magnetic layers in the netal magnetic film
and the ratio of the total thickness of the Pt |layers in the netal
magnetic filmw th respect to the total thickness of the above- nentioned
metal magnetic fil mupon the reproduced output fromthe nagnetic head were

i nvesti gat ed. That is, seven types of magnetic heads according to
the  ABSTERACT |

A magnetic head having a laminated magnetic f;lm in which
crystal orientation of precipitated small crystal particles can
be controlled and the soft _magnetic characteristic in the
thickness of the laminated magnetic film can easily be controlled.
The magnetic head has the laminated magnetic film formed by
laminating thin magnetic layers, each having a composition as
FgﬁgNz, and metal layers. | The laminated magnetic film is
sﬁbjeéfed to heat treatment so that metal atoms forming the metal
layers are diffused into thé thin magnetic films. Thus, the
laminated_magnetic film contains ;mall crystal particles of aFe,
the direction of .crystal of which is controlled by the diffused
metal atoms. Therefore, the ‘laminated nwgnetic film has #n

excellent soft magnetic characteristzc also in the direction of

" the thickness thereof.

-

Sheet Has Been Re;ilaced

T



present invention and respectively having netal magnetic filns were
prepared which were | am nated magnetic filnms having such structures that
the total thickness of the netal magnetic filmwas fixed to 4 [err]m the
average thickness of the Pt layers was fixed to 3 nmand the nunber of the
thin Fe-M N magnetic |layers was varied to 6, 12, 24, 36, 48, 72 and 96.
Moreover, a magnetic head having onldJd thin Fe-M N magnetic |ayer having
a thickness of 4 [err]mand serving as the nmetal magnetic filmwas

Then, the reproduced outputs fromthe prepared magneti c heads

pr epar ed.
were neasured. Also in this exanple, a thin magnetic filns of small
crystal particles of Fe-Ta-N were enployed as the thin Fe-H N nmagnetic
37 layers. The reproduced out put was neasured by using a :
| ative speed to be 3.8 m's

head-fixed- type drumtester while making the ¢
and the frequency f to be 7 MHz. As a recordi rffg~head, a M G head was

enpl oyed in which thin Fe-Ru-Ga-Si filns were, fin pa%allel, formed on the
magneti c gap. Results are KRGS R G e e e ~
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Fig.” 18 shows the reproduced outputs fromthe above- nentioned nagnetic
heads as rel ative outputs when the reproduced output fromthe nagnetic
head having only the thin Fe-M N nagnetic |ayer having the thickness of 4
pmwas made to be 0 dB. In Fig. 18, the axis of ordinate stands for the
rel ative outputs and the axis of abscissa stands for the nunber of the
magnetic |layers,- which are the thiz71le- M N magnetic | ayers, the thickness
of one netal |ayer and the thickness ratiro of the Pt |ayers which is the
ratio of the total thickness of the Pt layers in the netal nmagnetic filns
W th respect to the overall thickness of the netal magnetic filns.

As can be understood fromFig. 18, the | aninated magnetic filmincluded -
the Pt |ayers i (Posed therein so that the reproduced output was

I nproved. Moreo The nunber of the thin_ Fe- N gnetic |l ayers and t hat
of the Pt |ayers werle i ncreased to certain nunbers, |the orilentati on of aFe
(110) was intensifie so that the reproduced outputjwas fur{t hernore

i mproved. As—for]sgm metal |ayer, the reproduced ouf put was} i nproved in a
range in mhnch the fhickness was smaller than 0.5 uhl Therefore, a fact
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38 was confirned that the diffusion effect of the Pt |ayers caused the
above-nentioned preferential orientation to easily take place in the
overall body of the film " If the nunber of the thin Fe-MN
magnetic layers and the Pt layers are too |arge and the thickness ratio of
thte Pt |ayers exceeds about 6 % the reproduced output deteriorates. As
for the *thickness of the magnetic | aJ£k} the reaction preventive film
again deteriorates if the thickness is. smaller than 0.05 plm As
can be understood fromthe above-nentioned results, use of the | am nated
magnetic filmof the thin Fe-M N magnetic |layers and the Pt |ayers as the
nmet al ‘nmagneti c f|In1causes orientation of..aFe (110) to take place
attributable 2600 . —4 he
uniformty of the magneti smof the netal magnetic filmcan be §nproved and
t he soft nagnghb characteristic can be inproved. By nmaking the thickness
of the thih N magnetic filmto be 0.05 [err]mto 0.5 pm {he

orlentatlogi of afe (110) is enabled to tak HE ly attrilbutable to
the diffug on58Btect ofmihe Pt |ayers. Thus, be conflrned t hat
the unifor@mty of {the pagneti smof the net?+—ﬁagﬁe¢T1r+1ﬁﬂn urthernore
ﬁnhanced a ftbﬁo of bnagg LWC characterigtic is furthernore |nProved. The

or egoi ng ect ¢an be obtained from thet Fe- gheticl|layer in
whi ch the ztaI partion \E}h%ﬁu'}%%ﬁi
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indicated by the synbol Mis another netal elenment, as well as the thin

magnetic filns of small crystal particles of Fe-Ta-N. .Exanple 3

39 . In this exanple, influences of the average thickness of the Pt

| ayers in the netal nmagnetic filmand the ratio of the overall thickness
of the Pt layers with respect to the overall thickness of the netal
magnetic fil mupon the reproduced ou#gdl of the magnetic head were

i nvesti gat ed. That is, six types of nagnetic heads according to the

present invention were prepared, which respectively had | am nated magnetic
films in which the overall thickness of the netal magnetic filmwas 4
[err]m the nunber of the thin Fe-M N nmagnetic |ayers was 36, and the
average thi cknesses of Pt Iayer34MEre26338 nm 1.5 nm 3 @06 nm 9 nmand
12 nm Mor eover, anot her N2 6 hef S whjTch had only a
thin Fe-M N magnetic | ayer ) (]kd e err] as the netal
magnetic film The reprod ] e=refit i oned nmagnetic
head were neasured siml thin magnetic filns

22
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of small crystal particles of Fe-Ta-N was enployed in this exanple as the
thin Fe-M N magnetic |ayer. Results are shown in Fig. 19.
Fig.. 19 shows the reproduced outputs . fromthe above-nentioned magnetic
heads as relative outputs such that the reproduced output of the nagnetic
head having only the thin Fe-M N magnetic | ayer having a thickness of 4
[err]mas the metal magnetic filmwasShdkdle to be 0 dB. In Fig. 19, the
axis of ordinate stands for the relative outputs and the axis of abscissa

stands for the average thickness of one Pt |ayer and the thickness ratio
of the Pt layers which is the ratio of the

39 ' 40 total thickness of the Pt

| ayers in the nmetal nmagnetic filmwith respect to the overall thickness of
the metal magnetic film . As can be understood fromFig. 19, the

| am nated magnetic fi, I 3 osed therein inproves

the reproduced out put
layer is 0.3 nmor |arg
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However, a fact can be understood that the reproduced output again
deteriorates if the average thickness of one Pt layer 1is larger than 7 nm
In thts case, the thickness ratio of the Pt layers, which is the ratio of
the total thickness of the Pt layers wth respect to the overall thickness
of the netal magnetic film unintentionally exceeds 6 % . As can
be understood fromthe above-nentioned®#¥kuits, such a structure that the
thi ckness of the Pt layers is 0.3 nmto 7 nmcauses the orientation of aFe
(110) to easily take place. As a result, the uniformty of the magnetism
of the netal magnetic filmcap furthernore be enhanced and the soft
magnetic characteristic can furthernore be inproved. Anot her fact
can be understood fromthe above-nmentioned results that a structure, in
which the total thickness of the Pt layers in the netal nmagnetic filmis 6
% or less of the overall thickness of the netal nmagnetic film IS
expected to satisfactorily3dfgvent et x4 ti Qp-T he effective
saturated magnetic flux densit ~
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41 The foregoing effects can be obtained fromthe thin Fe-MN
magnetic |ayer, in which the netal portion indicated by the synbol Mis
anot her netal elenment, as well as the thin Fe-Ta-N nagnetic |ayer.

As described above, the | am nated magnetic filmaccording to the present

i nvention causes netal nolecules formng the netal |ayer to be diffused
into.the thin magnetic |layer. The diffuslbn effect of the netal nolecul es
results in the small crystal particles of aFe, generated in the thin
magnetic | ayer, having intense crystal orientation. Therefore, the

| am nated magnetic filmis able to have controlled crystal orientation of
small crystal particles of aFe by adjusting the netal |ayer which is

I'ami nated together with the thin magnetic Iayer Therefore t he
above-nentioned | am nated magnetic fil mis—s x6el | ent soft
magneti c characteristic in hqe dlrec f t her eof .

The nmet hod of manufacturing :
present invention has the st &g
the netal |ayers and subj ;
Therefore, the nethod acqopth i nvention
precipitate small cd st a the crystal
which is controlled, \r¢ggs

magneti c | ayers agmy //’

s able to
orisontation of

FIG.12
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the netal |ayers. Thus, the nethod according to the present invention
is able to manufacture the | am nated magnetic film

42 having an excellent soft nagnetic characteristic in the direction of
t he thickness thereof. The magnetic head according to the present
invention has such a structure that the |am nated magnetic filmformed by
| am nating the thin Fe-M N magnetic | ag¢dd and the Pt layers is, as the
nmetal magnetic film fornmed on the surface of at |east one of a pair of
the half portions of the magnetic cores on which the nagnetic gap is

f or med. In the process for manufacturing the magnetic head, the heat
treatnment is perforned after the thin Fe- MN nmagnetic |ayer has been
performed to formsmall crystal pagprctres—rmramonm-cryskal state. At this

time, the ground effect of the Pt”|ayers causes intesSe [aFe (110)
orientation to take place iwThe thin Fe-M N nmagattic | gyer subjected to

the heat treatnment. As a*Tesult, the uniforpAy of the magneti smof the
metal nmagnetic fil ~s—enhanced _and he soft magRetic
characteristic can be| ipa=aved -
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Since the magnetic head according to the present invention has such a
structure that the netal nmagnetic filmis the amnated magnetic film
formed by lam nating the thin Fe-M N magnetic |layers and the Pt |ayers,
Fe- Pt conpounds are generated in the netal nmagnetic filmand, therefore,
magnetically hard portions are generated. Since the above-nentioned
portions prevent novement of nagneti®/dbmains, the rotating magnetization
i s enhanced and therefore the perneability in the high frequency regions
in the metal nmagnetic filmcan be raised.

43 Al t hough the invention has been described in its preferred
with a certain degree of particularity, it

di scl osure of the preferred formc

form
I s understood that the present

M the~fetagl s of
construction and in the conbi ngiron and arrapgenen f 6pax S w t hout
departing fromthe spirit apeéd”the scope of e _MNventi Oh as hereinafter
cl ai med.
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44" YWHAT IS CLAI MED | S: 1. A magnetic head conpri sing: a pair
of half portions formng a magnetic core and arranged to be joined and
integrated with each other such that surfaces of said pair of the half
portions, on which a magnetic gap is forned, are abutted against each

ot her; and a netal magnetic filmforned on said surface of at |east
either of said pair of said half port®®A3ifor forning said magnetic core
on which said nagnetic gap is forned, - wherein said nmetal magnetic

filmis a lam nated magnetic film formed by |am nating thin nagnetic
layers and netal |ayers, each of said thin magnetic |ayers having a
conposition expressed as Fe[err]Merr]Nerr], where Mis at |east any one
of Ta, Zr, H, Nb, Ti, Mo and W and x, y.and z each indicates atom
percent and holds relationship as 71 [err] x [err] 85, 6 [err] y [err] 15
and 9.[err] z [err] 16. 2. A magnetic head according to claim1,
wherein one elenent is selected froma group consisting of Rh, Ir, Ag, Pt,
Pd and Au to formsaid netal |ayers. pt=3nm

5 OVERALL THICKNESS 4 ym
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3. A magnetic head according to claim1l, wherein each of said netal

| ayers is formed on each of said thin magnetic | ayers. 4. A magnetic
head. according to claim1, wherein said netal

45 layers contain at |east one el enent selected froma group consisting
of N B, 0 and C 5. A magnetic head according to claim.1l, wherein said
metal |ayers have an average thickndddl 0.2 nmto 10 nnlfor one | ayer.

6. A magnetic head according to claim1, wherein said thin magnetic

| ayers have an average thickness of 0.05 [err]mto 1 [err]mfor one |ayer.
7. A magnetic head according to claim1, wherein the total thickness of
said nmetal layers is not nore than 6 % of the overall thickness of said
metal magnetic film '

FeTaN FILM HAVING 36 LAYERS
2 ~ : OVERALL THICKNESS 4 um

1.5 = =
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8. . A magnetic head according to cl aipmsks rein saidjnt PLACE _ENT SHEE ,
‘not nore than 5 wt % of said thin nagnetic Ia?ers. 9 A magnetic_hepd
according to claim1l1, wherein said half portions for.fo mmgmm}'ag efic
core are nade of ferrite, and a Pt |ayer serving as ajre¢acti on preven]
filmis formed between said ferrite |layer and said nefjal~magnetic film
10. A magnetic head according to clai d?, wherein said lhalf _portiiors—fot
form ng said magnetic core are nmade of ferrite, and a Si(err] |ayer

serving as a reaction preventive fi [ r
46 between sai d LAYERER ‘F%E/"ér“m"ls@ ﬁ&é@a@aﬁ‘%@ﬂ’?i '

ABSTRACT
A magnetic head having a laminated magnetic film in which

crystal orientation of precipitated small crystel particles can

be controlled and the soft magnetic characteristic in the

U thickness of the laminated magnetic film can easily be controlled.
The magnetic head has the laminated magnetic film formed by

laminating thin magnetic layers, each having a composition as

Fe}ng and metal layers. " The laminated magnetic film is

subjected to heat treatment so that metal atoms forming the metal

layers are diffused into the thin megnetic films. Thus, the

laminated magnetic film contains'small crystal particles of aFe,
the direction of crystal of which is controlled by the diffused

metal atoms. Therefore, the laminated magnetic film has an

excellent soft magnetic characteristic also in the direction of

the thickhess thereof.

Figure 16 & 17



