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FIELD OF THE INVENTION
The invention relates to a method of fabricating a thin magnetic film
and an electzolyﬁé plating apparatus for doing the same, and more particularly to
a method of fabricating a thin magnetic film having & emall coercive force, a small
magneto-striction constant, and saturation magnoetization in the range of 18000 G
to 23000 G both inclusive, and an electrolytic plating apparatus for fabricating
such a thin magnetic flm.,

DESCRIPTION OF THE PRIOR ART

A magnetic head to be mounted on a magnetic disc is required to
generate a stronger and stronger and stepper and steeper mapnetie field, in order
o write data into a magnetic memory medivm at a higher density.

For instance, in a magnetic head including a magneto-resistive device
for yeproducing data and am inductive head device for recording data, it is
necessary to compose an upper magnetic layer or both upper and lower magnetic
layers in the inductive head device is(are) of magnehc mabenal having a high
saturat:lon magnetic density. _

The magnetic material is necessary to be readlly magnetized by flowing
a cwrrent through a coil used for writing data into 4 medium. Hence, the
magnetic material has to have a small coercive force and a high magnetic
permeability. In other words, the magnetic material has to be soft magnetic
material having supexior soft magnetic characteristic,

The upper and Jower magnetic layers in an inductive head device have
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been conventionally composad of Ni-Fe alloy, called permalloy, having almost zero
magneto-striction constant and containing nickel at about 82%. Such permalloy
is called 82-permalloy.

82.permalloy has a saturation maguetic flux density of about 10000G.
A magnetic head could gemerate a stronger and steeper magmetic field, if
composed of magnetic material having a saturation magnetic flux density higher
than that of 82.permalloy. As an example, Japanese Patent Publication No. 7-
44110 (Japanese Unexamined Patent Publication No. 2-68906) has suggested a '
magneti;: head including a ternary plated film such as a thin magnetic film
composed of Co-Ni-Fe, in order to accomplish a high saturation magnetic Hux
density.

In a thin magnotic film composed of Co-Ni-Fe, since saturation
magnetization (Bs) is dependent on & composition ratio of Ni, it is necessary to
design & composition ratio of Ni as small as possible for having high saturation
magnetization (Be). On the other hand, it is necessayy to set a Ni concenfration
high in order to have fee crystal structure having a desired soft magnetic
characteristic such as small magneto-gtrickion. Accordingly, it is quite difficult ox
abmost impossible in the thin Co-Ni-Fe mapnetic film to eatisfy the above-

' mentioned two requirements contradictory to each other.

Hence, Japanese Patent No. 2821456 has suggested a thin magnetic
film composed of Co-Ni-Fe as a ternary plated film of which a magnetic head is
coxaposed. The suggested thin magnetic £l is designed to have mixed cxystal of
a 7 layer having body-centexed cubic structure and a a layer having face-
cantered eubic structure.

The suggested thin magnetic film has saturaﬁ;)n magnetization of 2.0T

" or greater and a composition ratio of Ni at about 10 weight %, and does not

contain any additives such as gaccharin. This structure causes a boundary
between fec and bee crystal structures to shift towards a side in which g
eomposition ratio of Ni is lower than conventional ones. As a result, the above-
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mentioned Publication prbvides a thin soft magnetic film having high saturation
magneﬁzation.,a small coercive foxce, and small magneto-striction.

Japanese Unexamined Patent Publications Nos. 7-3489 and 6-346202
have suggested thin soft magnetic films which contain additives such as saccharin
to thereby preferentially orient foc cxystal face and define a degree of oriéntation
of fce(200) to fec(111), ensuring xeduction in 8 coexcive force and ‘a magneto-
striction constant,

As mentioned above, the conventional thin magnetic film compoged of

Co-Ni-Fe could present a small coercive force and a small magneto-striction

constant by setting a coroposition ratio of Ni low, but is accompanied with a
problem of unsatable crystal structuve, resulting in that it would be guite difficult
or almost impogeible to accomplish stable high saturation magnetization, for
instance, saturation magnetization of 18000 to 28000C,

In oxder to increase a dexsity in magpetically recoxding data, it is
necessaxy to present a magnetic head capable of atably providing high recording
capacity. In order to accomplish such a magnetic head, it is absolutely necessary
to present a magnetic film i:aving high recording capacity and etable

The abave-mentioned method in which additives such as sacchavin is
used for preferentially ovienting fec crystal face is accompanied with. a problem
that high saturation magnetization cannct be stebly obtained because of unstable
erystal structure of foe erystal face,

SUMMARY OF THE INVENTION
In view of the above-mentioned problems in the conventional magnetic

films, it is an object of the present invention to provide (a) a method of fabricating

& thin magnetic film having small coercive force and small magneto-striction
constant, and stably providing high saturation magnetization, for instance,
saturation magnetization of 18000G to 23000Q, and (b) an electrolytic plating
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apparatus for doing the same.

The iaventor conducted a lot of experimants, and found the facts as
follows,

In Co-Ni-Fe magnetic materials, saturation magnetization, coercive
foxce and a magneto-stxiction constent can be controlled in accordance with not
only a composition thareof, but also erystal structure thereof.

For instance, by designing crystal structure such that foc crystal face is
yreferentially oriented, it is possible to fabricate a thin magnetic film having
small coexrcive forée and small magneto-striction constant, and fuxther having
high saturation magnetization, without using additives such as saccharin. In
other words, it is possible to obtein a thin magnetic film having small coercive
foxce and small magneto-striction eonstan‘t, by having the thin magnetic film had
a low composition ratio of Ni.

In addition, the inventor had found out that when a thin magnetic film
. weas to be fabricated by means of electrolytic plating, exystal structure in the thin |
magnetic film was dependent on conditions for carrying out electrolytic plating.
Hence, it is now understood that & thin magnetic film having high saturation
magnetization can be fubricated by suitably determining conditions for carxying
out electrolytic plating.

The prasent invention was made based on the above-mentioned facts.

Specifically, in one aspect of the present invention, there is provided a
method of fabricating a thin magnetic filos composed of Co-Ni-Fe alloy, including
the step of plating an object with plating solution containing Co ions, Ni ions and
Fe ions, characterized in that the plating solution is kept at 20 degrees centigrade
or lower.

In another aspect, there is provided an electrolytic plating apparatus
for fabricating a thin magnetic filu composed of Co-Ni-Fe alloy, including a
plating bath containing plating solution containing Co ions, Ni 1ons and Fe ions,
and a conditioner which keeps the plating solution at 20 degrees centigrade or
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lower.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schomatic view of an electrolytic plating apparatus in
accordance with the first embodiment of the present invention.

FIQ, 2 is a chart of Xray diffraction indicative of crystal structure of
the thin xaagnetic film fabricated by the apparatus {llustrated in FIG. 1.

FIG. 8 is a graph showing a relation between crystal siructure and
saturation magnetization in the thin magnetic film fabricated by the apparatus
illustrated in FIG. 1.

FIG. 415 a graph showing a relation between a film-fabrication rate and
a temperature of Co-Ni-Fe plating solution in the apparatus illustrated in FIG. 1.

FIG. § is a cross-sectional view of a magnetic head including the thin
magmetio film fabricated by the apparatus illustrated in FIG. 1.

FIG. 6 is a partial cross-sectional view of a magnetic head including the
thin magnetic film fabricated by the apparatus illustrated in FIG. 1,

- DESCRIP IO )
_ [First Embodiment]
FIG. 1 illustrates an electrolytic plating apparatus in accordance with
“the first embodiment of the present invention for fabricating a magnetic head
including a thin magnetic film composed of Co-Ni-Fe allay.
The illustrated electrolytic plating apparatus is comprised of a plating
beth 1 containing plating solution L containing Co ions, Ni fong and Fe ions, and a
" cooler 2 for cooling the plating solution and keeping the plating solution at a
temperature at 20 degrees centigrads or Iower.
The cooler 2 is comprised of a heat exchanger 3 which keeps cooling
medium C at a predetermined temperature, for instance, 20 degrees centigrade, a
reservoir 5 temporarily pooling the plating solution Ca fed back from the plating
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bath 1, and feeding the plating solution Ca to the heat exchanger 3, a teflon tube 4

arranged in a epiral along an inner surface of the plating hath 1, a fixgt conduit 6a
fluid-communicating the tefion tube 4 and the heat exchanger 3 to each other, a
second conduit 6b fluid-communicating the teflon tube 4 and the reservoir 5 to
each other, a third conduit 6c fluid-communicating the reservoir b and the heat
exchanger 3 to each other, and a pump (not illustrated) for feeding the cooling
mediwm C in a loop path defined by the heat exchanger 3, the first conduit 6a, the
teflon tube 4, the second conduit 6b, the reservoir 5, and the third conduit 6c.

The cooling medium C is comprised of antifreeze solution und water.

The cooling medium is cooled by the heat exchanger 8 and fed through
the spiral-shaped teflon tube 4 in the plating bath 1 to thereby keep the plating
solution L at 20 degrees centigrade or lowen.

The plating solution L is circulated in the plating bath 1 by means of a
_ pump {(not illusirated) to keep the plating solution L in an entirety at a
; predeterminad temparature.

In addition, paddle plating process is caxried out 80 as to keep providing
fresh plating solution L to a suxface on which a plated film is to be formed, and
keep pH constant at the surface. A rate at which the plating solution is
* circulated in the plating bath 1 is determined such that temperatures of the

. plating solution L and the plating bath 1 are kept constant.

FIG. 2 is a X-vay diffraction chart indicating the results of observing
crystal structure of a thin magnetic film fabricated by the electrolytic plating
appaxatus illustrated in FIG. 1. '

In observing the crystal structure, the plating solution L was kept at 20
degrees centigrade or lower, and the plating solution L was designed to have the

following composition:
CoS0, 0.092 mol./liter;
NiSO, 0.20 mol/liter;
NH,C] 0.28 mol /liter;
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H,BO, 0.40 mol /liter;

FeSO, 0.016 mol /liter; and

Sodium lauric acid 0.00035 mol liter.

The conditions for plating were determined as follows.

Current density  15.0 mA/cm®

rH 2.7

Herein, the apparatus may be designed to include a curvent controller
(not illustrated) for keeping a plating current at a current density of 16 mA,/em®
oy greater.

As is obvious in view of FIG. 2, bee orientation becomaes predominant, as
a temperature of the plating solution L xeduces.

FIG. 3 shows the results of cbservation about saturation magnetization
of the thin magnetic film fabricated by the apparatus illustrated in FIG. 1. In
FIG. 8, a relation between bes(110),/fec(111) and saturation magnetization (Bs) is

_ shown.

It was found out in view of FIG, 8 that the saturation magnetization |
(Bs) becamae greater, as the bec orientation becomes greater. Hence, it is
understood that one of conditions for enhancing the bee orientation of the thin

" magnetic film is reduction in a temperature of the plating solution L.

In general, a plating solution is kept equal to or higher thax & room
temperature in a plating process in cxder to enhance uniformity of a composition
of the plating solution and increase a plating rate.

FIG. 4 shows the regult of observation about a relation between a

_ temperature of Co-Ni-Fe plating selution and 2 film-fabrication rate.

- It was found out that a constant film-fabrication rate could be ensured

in a range of the tested temperature, that is, in the range of about 16 to about 40
degrees cantigrads.

In addition, it was confirmed that the thin magnetic film had uniform

composition in a plane of a usually used, 2-inch or larger sized substrate.
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Fuxthermore, it was confirmed that only crystal structure was varied when a
temperature varied.

The inventor had conducted the experiments to find a suitable range of
an intensity of diffracted X-ray.

The results of the expsriments show that a xatio fec (200),/foe (111) is
preforably equal to 0.25 or smaller, and a ratio X1,/X2 is preforably in the range
of 0.01 fo 3.0 both inclusive, wherein foc (200) indicates an inteusity of diffracted
X-xay at (200) face of a face-centered cubio lattice in a thin mugnetic film
composed of Co-Ni-Fe alloy, fee (ill) indicates an intensity of diffracted X-ray at
(111) face of a face-centered cubie lattice in a thin magnetic film eomposed of Co-
Ni-Fe alloy, X1 indicates a peak intensity ratio of an iutensity bec (110) of
diffracted X-ray at (110) face of a body-centeved cubic Iattice in a thin magnetio
filma composed of Co-Ni-Fe alloy, and X2 indicates a peak intensity ratio of an
intensity fce (111) of diffracted X-ray at (111) face of a face-centered cubic Iattice in
a thin magnetic film composed of Co-Ni-Fe alloy,

In addition, it was also found out that a preferable composition of the
above-mentioned Co-Ni-Fe alloy was as follows:

Co: 40-70 weight %;

Ni: 2-20 weight %; and

Fe: 15-40 weight %.

[Second Embodiment] .

FIG. 5 is & cross-sectional view of a magnetic head including the thin
magnetic illm fabricated by the épparam illustrated in FIG. 1. Specifically, an
undexlying film is formed on an electrically insulasing layer by sputtering, and
the thin magnetic film compoesed of Co-Ni-Fe alloy is formed on the underlying
film by electrolytic plating.

With reference to FIQ. 5, the magnetic head is comprised of a substrate
11 as & slider composed of coraplex ceramics of aluminum oxide (ALO,) and
titanium caxbide (TiC), 2 MR head having a function of re-producing data, formed
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on the substrate 11, and an ID head formed on the MR head.

The MR head is comprised of a lower shield 12 formed on the substrate
11 and comprised of a patterned CoZrTa film, an upper shield comprised of a NiFe
film containing Ni at about 80 weight %, a magaetic saparator 14 composed of
alumina or aluminum oxide (Al,0y) and sandwiched between the lower shiold 12
and the upper shield 13, and a magneto-resistance effsct device 15 foxrmed in the
upyer shield 18.

The lower shield 12 has a thickness of 1 #m, and the upper ghield has a
thickness of 8 zm. A gap between the lower and upper shields 12 and 18, that is,
a thickness of the magnetic separator 14 is set equal to 0.13 ym.

FIG. 6 illustxates a structure of the magneto-resistancs effect device 15.
As illugtrated in FIG. 6, the magnato-resistance effact device 15 is compriged of a
central region 21 sensitizing & magnetic field radiated from a xecording medivm,
and end regions 22 aandwiching the contral region 21 therehetween. The end
rogiona 22 provide a bias field and a current to the central region 21.

The central region 21 has a xulti-layered structure having GMR effect
which generally called spin-valve effact. Specifically, the central region 21 is

.abmprised of a multi-layered structure in which an underlying Zr film having a
thickness of 8 mm, a PtMn film having a thickness of 20 nm, a CoFe film having a
thickness of 2 nm, a Cu film having a thickness of 2.1 nm, a CoFe film having a
thickmess of 0.5 nm, a NiFe film having a thickness of 2 nm, and a Zr film having
u thickmess of 3 nin are layered one on another in this order viewed from the lowex
shield 12. | |

The central region 21 has a width of 0.5 #m which defines a width of

- reproducing track. Each of the end xegions 22 has a multi-layered structure

including a C‘oPt film acting as & permanent magnet film and having a thickness

of 20 nm, and an Au film acting as an electrode film and having a thickness of 5O

nm.

As xaentioned above, an ID head is formed on the MR head. The ID
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head has a function of recording data, using the upper shield 13 as a lower

magnetic pole. _

The ID head is comprised of a magnetic gap 16 formed on the upper
shield 13, a fixst non-magnetic insulator 17 formed on the magnetic gap 16, a
sscond non-magnetic insulator 19 foxrmed on the first non-magnetic insulator 17, a
plurality of coils 18 formed in the second non-magnetic ingulator 19, and an upper
magnetic pole 20 formed covering the magnetio gap 16, the fixst non-magnetic
ingulator 17 and the second non-magnetic insulator 19 thevewith.

Tha uppex shicld 13 is composed of 82-permallay, and the thin Co-Ni-Fe
magnetic film formed on 82-permalloy and fabricated by the apparatus llustrated
in P1G. 1. ‘ . |
The mggiiftie gap 16 formed on the upper shield 13 is composed of
alumina or aluminurhi-oxtile (ALO,) s and has a thickness of 0.18 #m.

The Fist nbn—magmhc ‘insulator 17 formed sbove the upper e}mld 13
with the magnéﬁb g‘ii) 16 being sandwmhed thevebetween defines a zexo throat
“height, Theﬁ:wﬁoﬁwagneﬂc inmﬂmr 1748 eomposed of photoreaxst.

Bach of £he wﬂs 18 3 -m_ qompnsed of a copper-plated film, apd is
eleetrically insulatad Erom surcoundings by the second non-magnstic insulator 19,
The second non-ﬁagnéﬁc insulator 19 is composed of photoxesiat.

" The upper magnetie pole 20 eovers the second non-magnetic insulator
19 therewith, and is exposed to ABS facing a recording medinm,

The upper magnetio pole 20 is comprised of a 32-perrualloy film 20a
formed by sputtering as an underlying layer, and a magnetic pole 20b formed on
the 82.permalloy film 20a. The magnetio pole 20b is composed of the thin Co-Ni-
Fo magnetic film fabricated through the apparatus illustrated in FIG. 1 and
having gaturation magaetization (Bs) of 2T, The upper magnetic pole has a
thickness of 1.0 #m.

Heoreinbelow is explained a method of fabricating the upper shield 18
acting as a lower magnetic pole, and the upper magnetie pole 20.

10
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The upper shield 13 and the upper magueétic pole 20 were fabricated by
means of the apparatus illustrated in FIG. 1. The plating solution was designed

~ to have the following composition:

CoSO, 0.092 mol /liter;
NiSO, 0.20 mol /liter;
NH,Cl 0.28 mol /liter;
H,BO, . 0.40 mol /liter;

- FeSO, 0.016 mo)/ Jitex; and

Sodium lauric acid 0.00035 mol./liter.

_ The plating solution was pooled in the plating bath 1, stirred for 15
howrs or longer, and then, cooled down to 15 c‘xegiees centigrade by means of the
cooler 2. Thereaftar, the plating solution was circuited in the plating bath.

_ 'Then, a Co-Ni{-Fe film was formed on a substrate by paddle process. The thus

_ formed Co-Ni=Fe film had a composition as follows:

Co: 85 weight %;

Ni: 12 weight %; and

Fe: 28 weight %,

The Co-Ni-Fe film had a gpecific resistance p of 90 ¢ Qem.

Thexe could be fabricated a magnetic memory device having a recording
denaity of about 10 gigubit./sguare inch ar greator, by using tho above-mentioned
complex magnetic head, having the recording medium had a coexrcive force of 3500
Oe or greater, and setting magnetic gap between the xecording medium and the
magnetic head, equal to 86 nm.

[Third Embodiment]

In the third embodiment, a reproducing section and a recording section
of a magnetic head are fabricated. The upper shield 18 and the upper magnetic
pole 20 in the magnetic head wexe fabricated through the apparatus lustrated in
FIG. 1.

The plating solution was designed to have the following composition.

11
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NiSO, 0.20 mol /liter;
NH,Cl 0.28 mol /liter;
H,B0, 0.40 mol /liter;
FeSO, 0.016 mol /liter; and

Sodinm lauric acid 0.00085 mol liter.

The conditions for plating wexe determined as follows.

Current density  20.0 mA/cm’

pH . 2.7

The plating solution having the above-mentioned composition was
pooled in the plating bath 1, stirred for 15 hours or lopger, and then, circuited in
the plating bath. Then, :'1 Co-Ni-Fe film was formed on a substrate by paddle
process at a room temperature and at a current density of 20.0 mA/cm?®.
Thexeafter, the film was annealed at a temperature in the range of 100 to 250
degrees contigrade. As a result, there was formed the thin Co-Ni-Fe magnotic
film,

The thus formed Co-Ni-Fe magnetic film had a composition as follows:

Co: 65 weight %;

Ni: 12 weight %; and

Fe: 23 weight %.

The Co-Ni-Fe film had a specific xesistance o of 20 ¢ Qem.

By using the magnetic head in accordance with the third embodiment,
it was possible to have the recording mediwm had a coercive force of 3500 Oe or
greater, and get the magnetic gap between the recording medium and the
magnetic head, equal to 35 nra.  As a result, a magmetic memory device having a
recording demsity of about 10 gigabit,/squaxe inch or greater was obtained.

The advantages obtained by the aforementioned present invention will
be deseribed hereinbelow.

In accoxrdance with the present invention, it is possible to provide a thin

12
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1. A method of fabricating a thin raagnetic film composed of Co-Ni-Fe allay,
coraprising the step of plating an object with plating solution containing Co ions,
Ni fons and Fo fons, said plating solution (L) being kept at 20 degrees centigrade
or lower while said object is being plated,

2. The method as set forth in claim 1, wherein said object is plated at a
current density of 15 mA /em?® or greater.

8. The method as set forth in claim 1, further comprising the step of
annealmg the plated object at a temperature in the xange of 100 to 250 degrees
centxgraaa both inclusive.

_ 4. The method as set forth in elann 1 2 or 3, wherein said plating solution (L)
, eont’ams Co ions at 0.05 to 0.4 mol/hter both inclugive, Ni ions at 0.03 to 0.2 mol
/liter both inclusive, and Fe ioms at 0.005 to 0.05 mol/hter both inclusive.

— 5. An electrolytic plating apparatus for fabricating a thin magnetic film
composed of Co-Ni-Fe alloy, compriging:
a plating bath (1) containing platmg solution (L) containing Co ions, Ni ions
and Fo ions; and
a conditioper (2) which keeps said plating solution (L) at 20 deprees
centigrada or lower while plating is being carried out.

6. An electrolytic plating apparatus for fabricating a thin wagnetic film
composed of Co-Ni-Fe alloy, comprising:

a plating bath (1) containing plating solution (L) containing Co ions, Ni ions
and Fe iong;

14
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a heat exchanger (8) which keeps cooling medium at a predetermined
temperature;

a reservoir (b) tempozarily pooling said plating solution (L) and feeding said
plating solution (L) to said heat exchanger (3);

a tube (4) arranged along an inner surface of emid plating bath (1) and
connected at one end to said heat exchanger (3) and at the other end to said
zeservoir (5); and
'  apump for feeding said cooling wedium in a loop path defined by said heat
exchanger (8), said tube (4), said plating bath (1) and gaid resexvoir (5),

said cooling medivuu being vooled by said heat exchanper (8) and being fod
 throigh sald tube (4) in safd plating bath (1) to therchy keep said plating solution

: (E) 4t 20 degrees centigrade or lower.

 tube:(4) is composed of téfln.

. 8,The appaﬁtusaése_tforthinclaim5 or 6, further comprising a controller
which keeps a plating current at 15 ma./cn? oz greater.
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