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METHOD OF FABRICATWG THIN MAGNETIC FU.M 

AW. 
EI,ECTROL"f:rtC J!I,ATING APPARATUS FOR FABRICATING 

TBlN MAGNETIC FILM 

BACKGROUND OF THE TNVEN'MON 
FIEI.n OF THE ·INVENTION 

The invention relates to a method of fabricating a thin magnetic film 

and m elect.l"olyti.c plating apparatlla for doing the eame, end inote particularly to 

a method of fabricating a thin magnetic film having a eiull coercive force,. a em.all 

m.agneto·Bhiction const~ and saturation magnetization in the range of 18000 G 

to 28000 G both inclusive, and an electtolytic plating apparatus for fabricating 

such a thin lllagn.eti.o film. 

DESCRIPTION 0FTBEPR10BART 

A magnetic head to be DlO\Ulted on a niap.etic disc is req~ed to 

generate a stronger and stronger and stepper $lld steeper magnetic field, in order 

to write data into a magnetic me:m.oq medii.un. at a higher density • . 
For instance, ht. a magnetic head .including a magneto-i:esistive device 

for reproducing data and an inductive head elev.ice for recordin.g data, it is 

necessary to com.pose a.n \\ppel" m.qnetic layer 0r both upi;>e~ and lower magnetic 

layers in the inductive head. device is(are) of tnagneti~_·JW\ieria.l having a high . . 
saturation. m.agn.etic deneity. 

The magnetic material i& neeeesuy to be readily magnatiud by ilowmg 

a cur.rent through a coil used for writing data into a. ~edium.. Hence, the 

magnetic material has to hatte a Sm.all coercive force and a high magnetic 

permeability. In other words1 the· magnetic material has to be soft magnetic 

material having superio:r: soft magnetic ohaxacteristic. 

'l'he uppaX' and lQwer magnetic layers in an inductive head device have 
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been conventionally composad of Ni· Fe alloy, called permalloy, having almost eero 

magneto-striction constant and containing nickel at about 82%. Such permalloy 

is called 82..pennalloy. 

82-permalloy has a saturation' :magnetic tl.wc de:n.aity of about lOOOOG. 

A magnetic head could generate a stronger and st.eeper m.agutic field, if 

composed of magnetic material having a aatw:ation 1Wlglletic tlwc density higher 

than that of 8.2 .. permalloy. As an example. Japaneee Patent Publication No. 7-

44110 (Japanese Unexamined Patent Publication No. 2'68906) has suggest.ed a 

tnapetic head including a ternary plated film such as a thin .magnetic film 

com.posed of Oo·Ni-Fe, in order to accomplish a high saturation magnetic flux 

density. 

In a thin :magnetic 1ilm. composed of Co-Ni-Fe, since saturation 

magnetization (Bs) is dependent on a composition ratio of Ni. it is necessary to 

design a composi1ion ratio of Ni as s:m.all as pOSSl"ble for having high saturation 

magnetization (Be). On the other band, it is neceesuy to set a Ni concentration 

high in ord.e1: to have fee crystal structure ha.ving a de&irecl soft magnetic 

ehara.cteristfo such as small magneto·sbiction. .Accordingly, it is quite cllfticult or 

alm.ost impossible in the thin Oo·Ni-Fe magnetic film to aatisf.y the above-

. mentioned. two requttem.ents contxaclictoq to each other. 

Hence, Japanese Patent No. 2821458 has suggested a thin magnetic 

fiJxu. composed of Co-Ni-Fe as a ternary plated :lilm. of which a magnetic head is 

composed. The suggested thin JU.p.etic film. is deeigned t.o have mhed Cl'ystal of 

a r layer having body-centexed cubic structure and a a layer having face .. 

centered 01\hic structure. 

The euggested thin magnetic film ha.a aatu:ration magnetization of 2.0T 

· or greater and a composition ratio of Ni at abou.t 10 weight %, and does not 

contain any additives such as saccharin. Thie ettuctu:r:e cauees a. boundary 

between fee and bee crystal structures to shift toward.$ a side in which a 

eompositi.on ratio of Ni is lower than convontional. ones. .As a result, the above· 
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mentioned Publication provides a thin soft magnetic film having high saturation 

magn.etiiation,. a small coercive foxce, and etnall magneto-striction. 

Ja;panesa Unel'Cammed Patent Publications Nos. 7-8489 and 6-346.202 

have suggested thin soft magnetic films which contain additivee such as sacchar'..n 

to thereby preferential.Jy orient !cc cxystal face and define a degree of orientation 

of fcc(200) to fcc(lll). eneuring xeduction in a coercive force and ·a magnet.o· 

striction constant. 

As mentioned above, the QOnventional thUi :magnetic 1ilm composed. of 

Co-Ni .. Fe could })ftsent a small eo&reive force and a small l:nagneto-striction 

col\atant by satting a COXllpositi.on ratio of. Ni low. b'l\t is acco:m.panied with a 

problem of unstable crystal striictute> resulting in that it would be quite Wfficult 

or almost impossible to accomplish stable high saturation lXlapetiza.tion, for 

instance, satu:tation Xb.8.,netization 0£ 18000 t:o 28000G. 

In otder to increase a density in magnetically recording data, it is 

n.ecessaxy to pReent a magnetic head capable of stably providing high recording 

capacity. In order to accomplish such a magnetic head, it is absolutely necessary 

to present a magnetic film ha-ring high l.'ee:Ordixlg capacity and stable 

charact:enstice. 

The above-mentioned m.ethod in which additives such as sa.ccha:rln is 

used for preferentially orienting fee cry&tal face is accompanied with a problem 

tha.t high satuxation magnetization cannot ba atably obtaitled. becall&e of unstable 

c:ryetal Skucture of tee crystal face. 

SUMMARY OF THE IliYBNTION 

In view of the abon-mentioned ptoblems in the conventional magnetic 

films, it is an object of the present invention td provide (a) a »J.ethod of fabricating 

a thin magnetic film having small coercive force and small magnet.o-stricti.011 

constant, and stably p.rovid.il1g high saturation .Dlagnetizati.on, for inetanoe. 

saturation magnetization of 18000G to 2SOOOG, and (b) an electrolytic plating 
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apparatus for doing the eame. 

The io.ventox- condu.cted a lot of e~ori:menta, and found the facts as 

follows. 

Jn Co-Ni-Fe magnetic materials, saturation magnetization, coercive 

· fo~ce and a tXLagneto-striction co:osta.nt can be controlled in accordance with not 

only a composition thereo~ but also crystal structure thereof. 

For :instance, by designing Cl'ysta.1 structure such that tbc crystal face is 

preferentially oriented, it is possible to fabricate a thin magnetic iib:n having 

email coercive foree and sniall magneto-striction constant, and further havh.\g 

high saturation magnetization, without using additives such as saccharin. In 

other words, it is possible to obtem a thin ~ film. hmtiug SJDall coercive 

~ and small magneto-strietion constant, by ha\Jing the thin magnetic film had 

a low composition ratio of Ni 

In addition. the in.vent.or had found oqt that when a thin inagneti.c film 

. was to be fabricated by means of e1ectrolytic plating. cxysbd structure in the thin 

magnetic fihn was dependeDt on conditi011s for carryi?lg out electrolytlc plating. 

Hence, it is now =derstood that a tJrln magnetic fihn having high saturation 

ma.gnetitation can be fabricated by suitably determining COl'lditione b carrying 

out electrolytic plating. 

The present invention was made based on the above·m.entloned facts. 

Specffically, in one aspect ot the present invention, there is provided a 

m.ethod of £abricating a thin magnetic film composed of Co-Ni-Fe alloy, incl.uding 

the atep of plating an object with plating solution containing Co ions, Ni ions and 

Fe ions, chua.ctetized in that the plating solution is kept at 20 degreea centigrade 

or lower. 

In another aspect, there is provided an electrolytic plating apparatus 

for fabricating a thin magnetic film. composed of eo .. Ni-Fe alloy, including a. 

pl.a.ting bath containing plating solution containihg CQ ions, Ni ions a.nd Fe ions, 

and a conditioner which keeps the plating solution at 20 degrees centigrade or 
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JlRIEF DESCRJPTIQN QFTHE DRAWINGS 

FIG. 1 is a schematic view of an electrolytic plating apparatus in 

aocordance with the fi.toet embodiment of the present in\l'entiott. 

FIG • .2 is a chart of X·ray cllf'rraction indicative of crystal structure of 

the thin magnetic :fllm. fabricated by tl:1e apparatus illustrated in FIG. 1. 

FIG. Sis a graph ehowblg a relation between c.ryatal structure and 

saturation magnetization m the thin magnetic film fabricated by the apparatus 

illustrated bi FIG. 1. 

FIG. 4 is a graph showing a. nlati.011 between a film-fabrication rate and 

a texnpexat=e of Co-Ni .. Fe plating eolution in the apparatiu illust"rated in :FIG. 1. 

FIG. 5 is a cross .. sectional view of" magnetic head including the thin 

ma.gnetio film fa.hricatQd 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 • 

. DESClf.JPTION OF THE PR)WERBJD EMBODIMENTS 
[First Embodiment] 

FIG. 1 illv.etrates an eleetto]ytlc plating apparatus in accordance with 

the first embodiment of the preee:nt invention t.Jr fabricating a magnetic head 

including a thin .=qnetio film composed of Co-Ni·Fe alloy. 

The illustrated electrolytic platinr apparatus is CODlpri&ed of a plating 

be.th 1 containing plating solution L containing Co ions, Ni ions and Fe ioxts, and a 

cooler 2 for cooling the plating solution and beping the plating solution at a 

temperature at 20 degreee centigrade or lower. 

The cooler 2 is coxu.ptieed of a heat exchanger a which keeps cooling 

xn.edi'Wn C at a predetermined tempetature, for instance, 20 degrees centigrade, a 

re11ervoir 5 temporarily poolil1g the plating solution Oa 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 su:tface of the plathig ha.th 1, a first c.onduit 6a 

tluid-communicatillg the teflon tube 4 and the heat exchanger a to each other, a 

second conduit 6h fluid..communi.cating the teflon tttbe 4 and the reservoir 5 to 

each other, a third conduit 6c tluid .. communicating the reservoir 5 and the heat 

exchanger a to eaeh other, and a J>Uinp (not illustrated) tor feeding the oooling 

medium 0 in a loop path defined by the heat exchanger 3, the :fixst conduit Ga, the 

teflon tube 4, the second conduit 6b, the reservoir 6, and the third eonduit 6c. 

The cooling niedium. 0 is comprised of a.nti:fiwze sol\1tio.n d.nd water. 

The cooling mediu:m is cooled by the heat exchenger 3 and fed through 

· the spiral-shaped te:flon tube 4 in. the plating bath 1 to thereby keep the plating 

solution Lat 20 degxees centigrade w: lower. 

The plating solution Lis circulated in the plating bath 1 by means of a 

pump . (not illustrated) to keep the plating solution L in an entirety at a 

. pradetar.mined temperature. 

In addition. paddle plating process ie carried out so as t.o keep providing 

D:eeh plating solution L to a surface on which a plated film is to ho formed, and 

keep pH constant at the surface. A rate at which the plating solution is 

· circulated in the plating ha.th 1 is determined 8UCb that temperatures of the 

• . plat.ing sol~tion L and the plating bath 1 are kept C()J)$tant. 

FIG. 2 is a X-ray diffraction chart indicating the results 0£ obserri:o.g 

crystal struct~ of a thin :g;lap.etie film fabricated by the electrolytic plating 

a:\)paxatue filu.strated in FIG. l. 

In observing the crystal struetu:te, the plating solution L was kept at 20 

degrees centip-e.de or lower, and the plating solution L was designed to have the 

following com.position: 

coso. 
~iS04 

Nll4Cl 

0.092 mol/liter; 

0.20 mol/liter; 

0.28 mol/Jiter, 
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0.40 llloVliter; 

0.016 mol/liter; and 

Sodium. la.uric acid 0.00035 mol/liter. 

iliifi~r 

The conditions for plating were determined as follows. 

Cunent density 15.0 mA/ cm.2 

pH 2.7 

Herein, the apparatus may be designed to .include a current controller 

(not illustrated) for keeping a plating current at a current density of 15 JtJA/ C'!Jl2 

or greater. 

As is obvious in view of FIG. 2. bee orientation becomes predominant. as 

a tempera.atta of the plating sol~tion L ~duce8. 

FIG. 3 ehOVfs the results of observation about saturation magnetization 

of the thbJ. magnetic film fabricated by the app81'8.tus illustrated in FIG. 1. In 

FIG. 8, a relation between bce{llO)/fcc(lll) and saturation magnetization (&) is 

shown. 

It was found out in view cf FIG. 8 that the sam:n,.tion magnetization 

(Bs) became greater, ae the bee orientation becomes greatet. Hence, it ie 

understood that one of eoMitions lor enba.n.cing the bee orientation of the thin 

magnetic film is reduction in a te)».pe:ratltte of the plating solution ·L. 

In general, a plating solution is kept oqual to ot high.o~ thlU\ a ~om 

telXlperature in a plating process in order to enhance uniformity of a composition 

ot the plating solution and increase a pla~ rate. 

FIG. 4 shows the re'ult of observation about a relation between a 

tempel'ature of Co-Ni-Fe plating solution and a 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 ranp of about 15 to about 40 

degrees can:tigrtul&. 

In addition, it was confirmed that the thi,n m.agnetic film had uniform 

com.position in a plane of a usually u.eed. 2~inch or larger sized substrate. 
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Furthennore, it was confirmed that only crystal structutt) was varied when a 

tempa:mture variect . 
The inveJ;lto:t had eond~d the experiments to find a suitable range of 

an intensity of ditfracted X-ray. 

The results of the experiments show that a ratio fee (200)/tcc (111) ie 

pre&ir(lb)y equal t.o 0.25 ~ smaller, and a ratio Xl/X2 is prefe.tably in the range 

of O.Ol to 3.0 both inclUBive, wherein fee (200) indicat.es u j11teusity of diffracted 

.X-:r:ay at (200) face of a face.centered cubic lattice m a thin magnetic film 

com.posed of Co-Ni-Fo alloy, fee (111) indicates an intensity of diffracted X-ray at 

(111) face cf a. iace-centexed cubic lattice in a thin xoagnati.c film eoinposed of Co.­

Ni-Fe alloy, X1 indioatee a peak inteneit.1 ratio of an iutensitT bc:c (110) of 

diffracted x .. ray at (110) !ace o! a body-centered cubic lattice in a thin magnetic 

fihn. composed of Co-Ni-Fe alloy, and X2 indicates a peak intensity ratio of an 

mten8ty :fee (111) nf diffracted X-1'8)' at (111) face of a fa.ce..cenmed cubicla.ttice in 

a thin magnetic film composed of Co-Ni-Fe alloy. 

In addition, it was alao found out that a preieable com.position of the 

a,bove-mentioud Oo-Ni·Fe alloy was as tollows: 

Co: 40·70 weight %; 

Ni: Z.20 weight%; and 

Fe: 15-40 weight %. 

[Second Etnhocliment] 

FIG. 5 is a c:tO&e--uectional view of a mspetic head ~clu&g the thin 

magnetic lihn fabricated by the apparatu.& illustrated in PIG. 1. Specifically, an . 
underlyi.JJ.g film is formed on an elec:trl.cally insulathlg layer by sputterbig, and 

the thin. xnagnetic film com.posed of Co-Ni-Fe alloy is formed on the undetbing 

film by electro)yti.c plating. 

With reference to FIG. 5, the magnetic head ie comprised ot a substrate 

11 as a slider oomposed of co:niplex ceramics of aluminum oxide (Al,,OJ and 

titam1U\1 cubide (TiC), a MR head having ll function of re-producing data, formed 
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on the eubsttate 11, and an ID head formed on the MR head. 

The MR head is comprised of a lower shield 12 formed on th& subeuate 

11 aud comprised of a pattexned CoZfla film, an upper ehield comprised of a N1Fe 

fil:xn containing Ni at about 80 weight %1 a :mapatic separator 14 composed of 

alumina or aluminum oxide ~Oa) and sandwiched between the lower shield 12 

and the upper shield 13, and a magneto-resistance effect device 15 £owed. in the 

upper shield 18. 

The lower shield 12 has a thickness of 1 fl m. and the. uppe.? shield has a 

thieknese ot S Jl m. A gap between the lower and upper shields 12 a.nd 18, that is, 

a thickness of the lD.agnetic separator 14 is set equal to 0.18 fJ m. 

FIG. G illusttates a etrtceture of the magueto-Teeistance eftect device 15 .. 

As illustrated in FIG. 6, the magneto.resistance eff&ct device lt> is COJllprieed of a 

eentral region 21 sensitizing a magnetic field. radiated f.rom. a recording xa.edium, 

and end ~gion.e 22 sandwiching the central region 21 therebetween. The end 

region.a 22 pro'Vide a bias field and a cutrent to the central .region 21 . . 
The cent.\"al region 21 has a xo.ulti-layeted structure having Gtv.lR effect 

which generally called spin-valve efteot. SpeciB.ca)]y, the central region 21 is 

comprised of a. multi·layeted structure in which an un.dertying Zr fil'Dl hawg a 

tbicknees of S ~ a PtMn film having a thicbe88 of .20 mn, a OoFe film ha-ring a 

thickness of 2 nm, a Cu film havmg a thickness of 2.1 nm. a CoFe film having a 

tbickness of 0.5 nm, a NiFe :film having a thickness o£ 2 nm, and a Zr film having 

a thickness of 3 nm ara layexed one on another m this orda:tt 'riewod from the lower 

shield 12. 

The eentral region 21 has a width of 0.5 um wbich definea a width of 

.t'eproducing track. Each of the end regions 22 bas a multi-layered structure 

including a CoPt fibn acting as a permanent magnet fibn and having a thickness 

of 20 nm, and an Au fils:n acting ae an electrode film and ha"Ving a thiclmess of 50 

nm. 

A.a :mentioned above, an ID head ie fono.ed on the MR head. The ID 
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head has a function of recording. data, using the uppex shield 18 as a lower 

magnetic pole. 

The ID head is eomprieed of a magnetic gap 16 formed on the upper 

ehield 18, a fb:at non·niagnetic insulator 17 formed on the niagn.etlc gap 16, a 

4econd non-magnetic insulator 19 fonned on the lh8t non-magnetic insulator 17, a 

plurality of co:lla 18 formed in the aec:ond non-magnetic insulator 19, and an upper 

magnetic pole 20 fo:n.ued covemg the l:nagnetio gap 16, the &et noa-ntagnetic 

insulator 17 and the second no11.-~agnetic maulat~ 19 thm:ewlth. 

The upper shield 13 is CO!d.po$d of 82-pertnall.oy. and the thin Co-Ni-18 

magnetic film fonned on 82-pe.tmalloy and fabrleated by the appa:catu& ntustm.ted . . .. . 
inPIG.1. 

. 
alumjn~ Ol' almnb\~iildEle. CA1t0J) ~has a tbiclmess of 0.l81J m. 

The 1h8.t·11oiJ.~1D:agi\lt~t·'inaWator 11 bmed above.th~ ~~;tt &bield 18 
. . 

with ·the lQpe• .:pp ·-lft'.being .sandwi®ed th~b~tw~ defb,lea .a. zerp throat 

·hdight. Tlmiftr~~~~ ~-17 is ~xnposed.ofph~#· 
. . Each -~at:e· -~ ·ts :is ·~omprlsecl of a copp~p~ted ~ ~d is 

. - ... : . . . -· - . 

C!lectl'ita1J;1;m81illtiid:ff(oju &1U't0Ul1&p by the secona non-magnetic insulator 19. 

The second non-"llltt.111.etic insula= 19 is composed Qfphotoresfat. 

The upper magnetic pole 20 eovet8 the ~coud non-magnetic insulator 

19 therewith, ana. is e~osecl to ABS facing a recording nmdiUlll. 

The upper magnetio pole 20 is comprised of a. 82-pe?'.m.8Iloy iilm 20a 

formed by epu.tterinr as an underlying layelj and a magnetic pole 20b ibrnied on 

the 82 .. pennalloy fib::a. 20a. The magnetic pole 20b 1s composed of the tb:ID. Co-Ni· 

Fe magnetic mm fabricated through the apparatus illustrated in P'IG. t and 

having saturation magnetiiation CBs) of 2T. The upper magnetio pole has a 

thickness cf 1.0 JI Jn& 

Berembelow is eltJ)laiued a method of fabri.catJng the u.pper shield 13 

acting as a lowet magnetic polu, and the upper magnetic pole 20. 
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The upper shield J 3 and the upper magnetic pole 20 were fabricated by 

means of the apparo.t~e illustrated in FIG. 1. The plating solution wae designed 

to have the following composition: 

CoS04 0.092 mol/liter~ 

NiS04 

NH,CI 

H~05 

FeSO, 

0.20 mol/liter; 

0.28 mol/liter; 

0.40 mol/liter; 

0.016 xnoVlite:t; and 

Sodium laurlo acid 0.00085 moVliter. 

The plafulg solution W813 pooled in the plating bath l, stirred £or 15 

h~e or longer, and then, cooled down to 15 degrees centigl'ad.e by meallS 0£ the 

cooler 2. Theteafta:; the plating sOlu.ti.on was circuited in ·the plating bath. 

Then. a Co-N!-Fe ~ was fonned on a substrate by paddle process. The thus 

_formed fi>..Ni-Fafibn.ha.d a COJnposltion as follows: 

Oo: 65 weight %; 

.N"J.: 12 weight%; and 

Fe: 23. weight%. 

The Co-Ni-Fe fihn.had a speci6.c resistance p of 20 II Ocm. 

Therg_~uld be ia.brloated a magnetic memory device ha'ri.ng a xecording 

dendty cf about 10 gipl;>i:t/ square inch o~ greater. by using the abO"'..re-m.entioned 

co:m.plex magnetic head, having tha reeotding :ol()dium had a coercive :force of 3500 

Oe or greatel', and setting magnetic gap betwe~m the xecording medium. and the 

magnetic he.ad, et;tual to 86 run. 

J,Tlmd Em.boclimentJ 

In the third exo.bod:iment, 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 were fabricated th.tough the appaxatus illustrated in 

FIG.1. 

The plating solution was designed to have the following composition. 
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CoS04 0.092 mol/liter; liiiilr 
NiSO • 0.20 mol/liter; 

NH,Cl 0.28 rnol/liter; 

HaBOa 0.40 mol/litm; 

FeSO, 0.016 m.oVliter; and 

Sodilln1 !auric acid 0 .. 00085 mol/liter. 

The conditions for plating wexe det&rmined as :ft)llows. 

Current density 20.0 mA/ cm2 

pH 2.7 

The plating solution having the above·:Qleo.tio:o.ed oom.positiou was 

pooled in the plating bath 1, stirred for 15 hours or longer, 81ld the:o.. cix'ctlited in 

the plating bath. Then, a Co-Ni-Fe film was fonned on a S'Qbstrate by paddle 

process at a room temperature and at a current density of 20.0 mA/~. 

Th.exea£te~ the film was annealed at a temperature in the range o£ 100 to 250 

degrees centigrade. As a result, there was form.ed the thin Co.Ni-Fe magnetic 

fihu. 

The thus formed Co·Ni-Fe iuapetic film. had a composition as follows: 

Co: 65 weight %; 

Ni: 12 weight%: and 

Fe; 23 weight %. 

The Co~Ni·Fe film had a specific reaiatanee p 0£2011 Ccm.. 

By u.si.ug the magnetic head in accordfmce with the third embodituent. 

it was possible to have the ~ecording medium had a. coa:rcive force of 8500 Oe or 

greater, and set the m.agnetio gap between the recording medium and the 

magnetic head, equal to 35 nm. As a result, a magnetic rne:a:ioey device having a 

reaording dell8ity of a.bout 10 gigs.bit/ equ.are inch or greater was obtained. 

The advantages obtained by the aforementioned present invention will 

be described herein.below. 

In accordance with the present invention. it is possiblQ to provide a thin 
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magnetic film ha'Viilg high saturation ma.gnetiiation> £or instance, in the range of 

18000G to 2aoooG both inclusive. Thus, a thin J).1agnetic fihn having high 

saturation magnetization and stable cha.?acteristics can be obtained. 

~iiiU 
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CLAIMS: 1iiiiDr I lf lllll lllfil Dill 1111111111/; 
* C l H S * 

l. A method of fabricating a thin :magnetic film composed of Oo·Ni-Fe aJloy. 

comprising the step of platm.g an object with tJlating solution containing Co ion.a, 

Ni ions and Fe ions, said plating solution (L) being kept at 20 degrees centigl'ade 

ot lower while eaid object is being plated. 

2 ... The method as set forth bl cl.a:hn 1, wherein said object is plated at a 

current density of 15 mA/ cm2 or gteater. 

S. The method as set fmtb. in Claim 1, further comprising the step of 

8Xl#ealing the plated. object at a ~mperature in the tanp ol 100 to 250 degrees 

~tqr•ae both inclusive .. 

4. The method ae set fo:rth in claim.1. 2 or S, wherein em,d plating eolution (L) 
.. ·... .... . 

contains Co inns a.t 0.05 to 0.4 mol/lit.er both incl~ve. Ni ions at o.oa to 0.2 mol 
.: _. . . . ... . ~ . . . . . 

/Jiter'both iilcl.U$iv~ and Fe iona at 0.005 to 0.05 mol/liter both mclusive. 

o. An electrolytic plating apparatus for fabrlcafiinr a. thin magnetic :lilnl 

coln.posed of Co-Ni-Fe alloy, COJDpr.ish1g: 
. . . 
a ple.ti:ng bath (1) containing plating solution (L) COJltaining Co ions, Ni ions 

an.d Fe io:n.&j and 

a oonditiou.er (2) whioh keepe said plating solution (L) at 20 degrees 

oantigrada or lower while pla.:ting is being carrled out. 

6. An electrolytic plating apparatu.e for fabricating a thin ll>.8.gnetio film 

composed of Co-Ni-Fe alloy. comprls:ing: 

a plating bath (1) containing plating solution (L) containing Oo ions, Ni ions 

and Fe ioll8; 
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a heat exchanger (8) which keeps cooling m.edium at a pi:edeto?llllned 

temperature; 

a reservoir (6) tempotm:ilY pool.tug said plating solution (L) and &eding said 
plating solution (L) to said h.eat e¥Changer (S); 

a tube (4) attanged along an innel' eutfa.ce of eaid pla~r bath (1) auid 
eo~cted at one end to said heat ~ (S) aud at the other end to said 

~senoir (6); and 

a pump fOl' feeding said cooling UJ.edi'am. bl a looll path defifted by eaid heat 
ex~ (8), &aid tube (4), saicl plating bath (1) and said reservoir (6)i 

s~d -coolini modiuta bem, ~led b:r said heat exclumgu (8) and ~Bing fed 

-~u¢.i said tube (4) tu· saJd plating :bath (1) to thereby be.P said plating solution .· ..... _ . 

· ,re)'..at 20 degrees centigrade or lower. 
:· • 4 . 
.• . 

·,_. · ... _ .. _;·.;··:7~· The electtbJttic ~letfug .. ap.,autue es set fOrth in cl• 6, wherehl. said 
·tub '4' -. · ·a, ~~~a--. ·-· e.:\ ":un:om.poS'e :q..,~ --oO\- . . ···.·. -· 

8. The appuatas a8 set iorth in claim 5 or 6, fuxther comp$in.g a co1tttoller 
whiCh·keepa a platb:1g cur.rent at 15 mA/ =" ~ greate~ 

·-· -·- --· ·-- ·-'"' --··-· -
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