23 April 2004 METHOD OF FABRI CATI NG THIN MAGNETI C FI LM ELECTROLYTI C

PLATI NG APPARATUS FOR FABRI CATI NG THIN MAGNETI C FI LM BACKGROUNDADI 20BHE

| NVENTI ON  FI ELD OF THE | NVENTI ON The invention relates to a nethod of
fabricating a thin magnetic film and an electrolytic plating apparatus for
doi ng the sane, and_npre particul arIy to a nethod of fabricating a thin
magnetic film havi n¢lETERDIOF FABRIGATHNGTHANSVAIC NETIgrRtIg st ri ct i on
constant, and saturation nagnetlzatlon in the range of 18000 G to 23000 G
both i ncI usive, and an el ectrol ytic pl adNBYy apparatus for fabricating such _
a thin magnetic M PRICRARTAmanetic head to be
nounted on a magfic ] e r: aBRI ORI NGRhd st ronger
and stepper and steeper magnet gﬁg{wmto wite data into a
magnetic menory nmedium at a hi #Hst ance, in a nagnetic
head i ncluding a magneto-resistive device for reproducing data and an .

i nductive head device for recording data, it is necessary to conpose an

upper mngEM ower magneticc layers in the

i nductive head device is(are) of magnetic material having a high
saturati on magablArOFHHE INVENTIGNnetic material is necessary to be
readily magnetized by flowng a current through a coil used for witing

data into a nedi ukhe Héﬁ%tmn elatemdgo et nethed of Eﬂin&&ﬁl% Q ﬂﬁﬁ%g %bﬁ]m

coercive force gnc{ﬁ t] magnetic perneability. In her wor ds,

magneti c ARt &R efectraly ch’ BEmgsmpaxatiefor doinmther ssahe hend Apre lpla@ﬂbﬂraﬂiotfot
and, | ower nagnetic layers in an

magneti c The er
i nduct i Veﬁ.%Z%‘%gZ{? %E%ﬁenﬁaa%g o ¢hey magnetic film having a small coercive force, a small

‘magneto-striction constant, and saturation magnetization in the range of 18000 G

g G »5L

to 23000 G both inclusive, and an electrolytic plating apparatus for fabricating
such a thin magnetic film.
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A magnetic head to be mounted on a magnetic disc is required to
generate a stronger and stronger and stepper and steeI'Jer magnetic field, in order
to write data into a magnetic memory medium at a higher density. B

For instance, in a magnetic head includiné a magneto-resistive device
for reproducing data and an inductive head device for recording data, it is
hecessary to compose an upper magnetic layer or both upper and lower magnetic
layers in the mductlve head device is(are) of magnetic material having a high
saturation magnetic density.

The magnetic material is necessary to be readily magnetized by flowing
a current through a coil used for writing data into a medmm Hence, the
magnetm material has to have a small coercive force and a high magnetic
permeablhty In other words, the magnetic materlal has to be soft magnetic

material having superior soft magnetic characteristic.

The upper and lower magnetic layers in an inductive head device have



23 April 2004 been conventionally conposed of Ni-Fe alloy, called
permal | oy, having al nost zero nagneto-striction constant and2zApdti&004ng

ni ckel at about 82% Such permalloy is called 82-pernalloy. 82-pernall oy
has a saturation magnetic flux density of about 10000G. A nagnetic head

coul d genepiyeody nd st eeper. etic field, if conposed of
magneti c mat ert a|"%hg@|ﬂ%§5’ 8 glgtoﬁ?(gf’f@:\'lqna i felled perngaliey, thavin g hbnost fean
that of 82mpehe®-4i9ietioNScoRR apanese Patent Publication No. 7-
44110 (Japanese Unexam ned IgatenEd &J%t%flﬁ&gir&ﬁk%&t 058 dHE8Y. hauck pgyustlost a
magneti c He&dlléd@&upﬂr@gam)ﬁ ernary plated filmsuch as a thin nmagnetic film
conposed of Co-Ni-Fe, in order to acconplish a high saturation magnetic

flux density. I|n82-pdrimalimghes h%a&h&dﬁ&xpm)&%%@ic%u&_ggiﬁtf g’ﬁ a?a'a?q? ‘jogpog,.

saturation nmagnetization (Es) is dependent on a conp
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for havi ng hi g)h éa%uratio,n magnetization (Bs). On the other %and, gl |1£
necessary ‘COFOEEC 9 Wa%ﬁ%felﬁﬁtmaldmvm'g@hsdtmmidﬁ&né@nétﬁ:Vﬂui%ngftg%g#er
structuretﬂgﬂitﬂgt%f%?si red .soft magnetic characteristic such as sma

magnet o- stFi ction.o: ACSSTHRHGY , As an exguinle dadrcsalRatont PalbteatiohnNes9i bl e

in the thiga1f-Ophe2eeReLlc:f] 0 satjsfy the_above- nentioned two
requi rements cé%?%% ct orﬂ%%‘%l%eéicﬁ]aiﬁ%e? ‘.113 L Npa2268906) Faae stigdisted a
2821456 hasagnedkehbsd idchli | N! onposed of Co-Ni -Fe as a
ternary plated film of Sml{aéﬁg?%éé&i Bfaﬁgi] S“Sﬁn%@eahmrmamﬂjyeﬁﬂm

t hi n magneerposed of iCGo-MNeFHey I8 dbrder K8 Veechi crustal of a r |ayer having
body-centgred_ cubic structure andra agﬁcg%ﬁgﬁa%%hﬁéﬁfsfggat&%t’%? t4g, fhux
struct ur eSeHHB-suggested thin magnetic fil mhas saturation magnetization of
2.0T or greaterrfnd a.conposition ratio of Ni at about 10 weight % and
does not contai ntarfy BHB; magieticu glima soaposédr 6. CollNi FeSt §iteh ULSGAKSRS @

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

design a composition ratio of Ni as small as possible for having high saturation
magnetization (Bs). On the other hand, it is necessary to set a Ni concentfétion
high in order to bhave fec crystal structure having a desired soft magnetic
characteristic such as small magneto-striction. Accordingly, it is quite difficult o#‘
almost impossible in the thin Co-Ni-Fe magnetic film to satisfy the above-
mentioned two requirements contradictory to each other.

Hence, Japanese Patent No. 2821456 has suggested a thin magnetic
ﬁ_lm chposed of Co-Ni-Fe as a ternary plated film of which a magnetic head is
composed. The suggesifed thin magnetic film is designed to have mixed crystal ;)f
a 7 layer having body-centered cubic structure and a « layer having face-
centered cubic structure. |

The suggested thin mggnetic film has saturation magnetization of 2.0T
or greater and a composition ratio of Ni at about 10 weight %, and does not
contain any additives such as saccharin. This structure causes a boundary
between fce and bec crystal structures to shift towards a side in which a

composition ratio of Ni is lower than conventional ones. As a result, the above-



| ' ds a side mwhich a
ween fcc and bee crystal structures to shift towar .
Egtrposition ratio of Ni is lower than conventional ones. As a23esnII20,04-t he
above 2 23 April 2004 nentioned Publication provides a thin soft magne'éll C
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absol utel’y necessary to present a mflgne{"tﬁl %Liﬁ&‘]ﬂé%a%eqﬁ gﬂ‘?{}@ﬁ? F]rg‘?ch
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addi tives such as saccharin is used for preferent al Ty orTenti

crystal fewwtant dycestpiangi @dcombpdbiioprakioest Ninkkw, MthisS 8Eddnd 4,004 with a

magneti zati gn car},not be stably obtai ned because of unstable ™ crysta
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above- meng, %Tr%gsip ril%%logsqglel @o tzﬂ:%o&%?i\é stable high gsaturation magnetization, for
instance, saturation magnetization of 18000 to 23000G.

In order to increase a density in magnetically recording data, it is
necessary to present a magnetic head capable of stably providing high recording
capacity. In order to accomplish such a mégnetic head, it is absolutely necessary
to present a magnetic film having high recording capacity and stable
characteristics.

The above-mentioned method in which additives such as saccharin is
used for preferentially orienting fec crystal face is accompanied with a problem
that high saturation magnetization cannot be stably obtained because of unstable

crystal structure of fcc crystal face.

SUMMARY OF THE INVENTION

In view of the above-mentioned problems in the conventional magnetic
films, it is an object of the presex::.t invention tg provide (2) a method of fabricating
a thin magnetic film having small coercive force and small magneto-striction
constant, and. stably providing high saturation magnetization, for instance,

saturation magnetization of 18000C to 23000G, and (b) an electrolytic plating
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films, it is an object of the present invention to provide (a) a nethod of
fabricating a thin magnetic filmhaving small coercive forceZaAdrisabakl
magnet o-striction constant, and. stably providing high saturation
magnetization, for instance, saturation nmagnetization of 18000G to 23000G
and (b) an electrolytic plating 3 23 April 2004 apparatus for doing the
same. The aPPagatwr oz doingtledseanbot of experiments, and found the facts as
follows. In Co-Ni-Fe pagnetic materials, saturation magnetization, coercive

force and a magnet'c*stFeaten porduiedint lobaf deperiméents| lagd Foun@C €8 dRREE i t h
not only gorrposition t hereof, but also crystal structure thereof. For
I nstance, f@ Wi gning crystal structure such that fcc crystal face is

Pavi ng sl 1 coeri 8 ioht andeReSs s omiadnceeoweiibe  meanetrstiam: ommive
further h@wcBhndhal ratd o ti,zatipon, wthout using additives such
as saccharin. In “of ﬁgﬁéﬂ\?o%giscagfl?&) ?lggaﬂgscsainbﬁ% CP’\é\%rSB?‘iilﬁ acco¥lancaagithinet

film havi pglysaebinpestict fRredOHEE JBANSLR. st i ct ion constant, by
having the thin magnetic fimlem hada%gq;rggv%/mc%tr}po& itg rerog,[ o of Ni. In.

addi tion, the i nvEat imsthack, fytdski@the bt MG cuh Lol Gkl BheaBS tO
be fabricated by neans of el ect roﬁﬁjgcbﬁ ating, C%;é??%{mg??c&c%ﬁ%tgh i&%cetﬁe
thin magREREerially waientedeitdinposible oodfdbrivase f0thiEA ki ada¥icOtim havin
el ectrolytic.plati n%. Hence, it _is now understood that a thin nagneti &
fi1m havi TG §ePreReufaes omd mmgHemagactostrivtivnbeoristint, cat® Fubihes Undahly
det er mi ni ldkQns, for carrying, out electrolytic plating. The present
i nvent i on%hg 8%@_([}1-8 tlt?&s@’é‘ggﬁ-glfﬂég%’bﬁ’\’l@oh‘ﬁ sieg additvess suclspecsdechatiny, Thn
one aspecitiel &HRIsLiE PR s, LGLE LS Proviged a . method of .
Pabrt ot s ¥ IO HE B BbediPE bR o B opaeheRs T havisy smadl cercie
force and small magneto-striction constant, 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
was to be fabricated by means of electrolytic plating, crystal structure in the thin
magnetic film was dependent on conditions for carrying out electrolytic plating.
Hence, it is now understood that a thin magnetic film having high saturation
magnetization can be fabricated by suitably determining conditions for carrying
out electrolytic plating.

The present invention was made based on the above-mentioned facts,

Specifically, in one aspect of the present Invention, ﬂ;ere 18 provided a
method of fabricating a thin magnetic film 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 film composed of Co-Ni-Fe alloy, including a

plating bath containing plating solution containing Co ions, Ni ions and Fe ions
L ]

and a conditioner which keeps the plating solution at 20 degrees centigrade or

4



llating an object with plating solution containing Co ions, N
fgﬁssgﬁg OLepigns,gcharac{erized in that the plating so!ut|0n2$§p?émm4at 20
degrees centigrade or lower. In another aspect, there is provi ?'Iﬁ? :
electrolytic plating apparatus for fabricating a thin magnetic |Iatin
conposed of -Ni-Fe alloy, including a plating bath contalg!ng p ; mh?ch
sol ution cgﬁiaining Co ions, N ions and Fe ions, and a con |t!Fn§004
keeps the plating solution at 20 degrees centigrade or 4 23 Apri 4
| ower. BRI EF DESCRI PTI ON O THE DRAW NGS EIG. lis a ﬁchfnatlcex%ggagEnt of
el ectrol yIRRIDFHESGRIPIION OF THE BIEAFHIAGe Wi th the first embodi e

- diffraction indicative of
the present invention. FIG 2 s a cha X- T ay on indi cat i ve
crystal structureRif, 1hg émche%&ﬁe%i fdf' ! aBEd GRS R
|Il>lustrated in FIG 1. FIG 3 is agr&m showi ng- a 13’%1 P]P% @PRggﬁ%r%tal

tic film
struct ur e agaerdasnae wrish e finstgnabodiatd 1@ bfithe &J%@séﬂ%hﬁvé&?ig&?
fabricated by the a&paratus illustrated in FIG ‘4 is a graph

showi ng a rel ati offlbetiisen chati bfitedy difftition ialRadine ofaellgﬁt%m@ﬁ?&gil:%o?g

- lutign in.the apparatus illustrated in
iog gl crgsgi@i q’fg’é’rsﬁ‘%Flg dimofab éil%ﬁgﬁgr ithe Iapadratushl]dsﬁirgtdchlleg‘l’(gnl magnet j[ ?al
ted b he, apparatys jllustrated in FIG 1. F s a par
oross. sect onal vE o ERBRERRN showtag o, Fention fptaen et migunire i m
f %Lkﬁgg%%%ﬂﬁ ﬁﬁ%ﬁ@ﬁ%bﬁoﬁ llhul;%t rt%neldmégnelztllc m fabricated by the apparatus
P

illustrated in FIG. 1.

FIG. 4 is 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. 5 is a cross-sectional view of a magnetic head including the thin
mégnetic film fabricated by the apparatus iHlustrated 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.

ESCRIPTION OF THE E E. ¢)
[First Embodiment]

FIG. 1 illustrates an electrolytic plating apparatus in accordance with
the first embodiment of the presént invention for fabricating a magnetic head
including a thin magnetic film composed of Co-Ni-Fe alloy. _

The illustrated electrolytic plating apparatus is comprised of a plating
bath 1 containing plating sclution L, containing Co ions, Ni ions and Fe ions, and a
cooler 2 for cooling the plating solution and keeping the plating solution at a
temperature at 20 degrees centigrade or lower.

The cooler 2 is comprised of a heat exchanger 3 which keeps cooling
medium C at a predetermined temperature, for instance, 20 degrées centigrade, a

reservoir 5 temporarily pooling the plating solution Ca fed back from the plating
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[First Embodinent] FIG 1 illustrates a][\ elhectrol y;itci g{/gm ingagf%g%rzaototis I n
ance with the first embodinent of the present :
?;g(r)irgati ng a magnetic head incl Iud| ng ia Ehl n lm;?inﬁ'él gp;;lrg][ﬁgn})gsggngii ced
i -Fe allo The i-llustrated electrolytic p |
89 gl pl ating ybath 1 containing plating solution L containing Co ions, N
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| over . ThePit8Be 1@a|39%ﬁglﬁ§em;ﬁrzsﬂgm$ g;f%]lsﬁgt%ﬁzgge Baﬂlﬂ'lcg ﬁ%%ﬁ@ﬁcﬁﬂ?bhng
g sl Rl st o e i
e Y R R G
e P B s .

other, a eS:@Eé?ﬂgbrCQPc@LHz%chG&he%” Rl att%@%# %é)c arig they cedling

reservoir 5 to each ot

( not
st rat ”ﬁ“%f: Foedi g %aﬁﬁqi%%g??ﬁh%%ﬁé%@eﬂéﬁfeﬂ 385 Bk koot Reaty

d
the heat &siompiahs 4,3thetdeeond condwio Bﬁytﬁe Bervdif 5, éﬁ% tRE thiti%oiauldEe. SCON
conduit 6b, the rgservoir b, and the third condui

e cooling medium C is comprised of antifreeze solution and water.

The cooling medium is cooled by the heat exchanger 3 and fed through
the spiral-shaped teflon tube 4 in the plating bath 1 to thereby keep the plating
solu_tion L at 20 degrees centigrade dr lower.

The plating solution L is circulated in the plating bath 1 by means of a
pump (not illustrated) to keep the plating solution L in an entirety at a
predetermlned temperature.

In addition, paddle plating process is carried out so as to keep providing
fresh plating solutiqn L to a surface 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-ray diffraction chart indicating the results of observing
crystal structure of a thin magnetic film fabricated by the electrolytic plating
apparatus illustrated in FIG. 1.

In observing the crystal structure, the plating solution I, was kept at 20

degrees centigrade or lower, and the plating solution L was designed to have the

following composition:
CoSO, 0.092 mol liter;
NiSO, 0.20 mol liter;
NH,C1 0.28 mol /liter;



The cooling medium C is conprised of antifreeze solution and water. The
cooling nmediumis cool ed by the heat exchanger 3 and fed throdghprit2i94
spiral -shaped teflon tube 4 in the plating bath 1 to thereby keep the -
plating solution L at 20 degrees centigrade or |ower. The plating solution
L is circulated |n he plating bath 1 by nmeans of a punp (not illustrated)
to keep the plati kb Iutlon L i n0.40 reolt 1 listry at a predet er m ned '

tenperature. In as‘dgj paddl e (EI ati n process is carried out so as to
keep provi ding &Sfapl ating sol ¢Pil6mal /f]@tea, audface on which a plated
A rate at which

filmis to be for p stant ,_at the surface.

the plating sol ut S@ﬁh} qa‘(’:??@ﬁ&at@@&&ﬁ m‘ﬂl/phtﬁfl ng bath | is deternined
such that tenpera soI ution L and the plating bath 1
are kept constant q%%ecélﬁglmefgr% é’§7g e datarryned redellowei cati ng t he
results of observc@grerg;rd@ts%y Strygs W e A thin magnetic filmfabricated
by the electrolytic plating "apparatus i1lTustrated in FIG 1. In observing

the crystal strucpHre, the platimgysolution L was kept at 20 degrees
centlgrade or lower, and the plating solution L was desi gned to have the

fol | owi ng conposi Hewein, ChS@pparaaR may /Mo dai; N> Cl
0. 28 nol/ ril 2004 H3503$r0 e40 TT%?(7| [ tghlﬁd@gg%%ﬁ%%@troﬂw

nol /1iter (ncgﬁilus@@aﬁ@%r eepinge plating 068Sniwlt /4l diresnt J&m&paﬂls RS/ drR*
pl ating \/vgrgrea%t ermned as follows. Current density 15.

As is obvious in view of FIG. 2, bee orientation becomes predominant, as
a temperature of the plating solution I, reduces.

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

It was found out in view of FIG. 3 that the satu.fation magnetization
(Bs) became greater, as the bee 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 than a room
temperature in a plating process in order to enhance umformlty of a composition
of the plating solution and increase a plating rate.

FIG. 4 shows the result of observation about a relation between a
temperature 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 range of about 15 to about 40
degrees centigrade.

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.



H 2.7 Herein, the apparatus may be designed to include a current

(F:)ont roller (not ill 3gt rated) for keeping a plating current a23&pd@opént
density of 15 mMcn2 or greater. As is obvious in viewof FIG 2, bcc
orientati on becones predom nant, as a tenperature of the plating solution
L reduces._, Fl G 3 shows the resul ts of observation about saturation

magnet i 7 ath withegnoxen dt as corigmaed ¢hat lomlf abydtahisathobird ResePRas@twBen
illustrated in FIG 1..In FIG 3, a relation between bcc(llO)/ch(lll) and
sat ur atioﬁ CRGHs diartsd- (Bs) is shown. It was found out in view of FIG 3
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observation about a relation between a tenperafurée o

sol ution &hB.04 toi 3.Mtfedhrindasiven wirkein fck (m inaitdtePbh ihitalsiy GONFHARNA
filmfabrication rate could be ensured in range of the tested

t enper at u aYt R4t (209) fage thearfangeeniferedbmubldﬂatt@ceabﬁué #in HRGNRES film
centigradg s, confirmed that the thin nmagnetic film had

dd It wa
uni form ‘i)tt)ﬁ %ﬁl‘ ]ge pllanrden(11) Gﬁﬁl&‘ﬂt%s ment;efnmtyrtgﬂdlﬁr?d:tadlgé-&aﬁ Ialsdl
confirmed that only crysta
2,‘;? a E:,[ ‘3'; Z(lv%)s ?a\:jtgﬁ}g %ka 411 gt'%%lech%éc}n%tﬁp% &r\/\% magnetic film composed of Co-
Ni-Fe alloy, X1 mdlcates a peak intensity ratio of an intensity bee (110) of

diffracted X-ray at (110) face of a body-centered cubic lattice in a thin magnetic
ﬁlpl composed of Co-Ni-Fe alloy, and X2 indicates a peak intensity ratio of an
_ intensity fee (111) of diffracted X-ray at (111) face of a face-centered cubic lattice in
- @& 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 a cross-sectional view of a magnetic head including the thin
magnetic film fabricated by the apparatus illustrated in FIG, 1. Specifically, an
underlying film is formed on an electrically insulating layer by sputtering, and
the thin magnetic film composed of Co-Ni-Fe alloy is formed on the underlying
film by electrolytic plating. '

With reference to FIG. 5, the magnetic head is comprised of a substrate
11 as a slider composed of complex ceramics of aluminum oxide (ALO,) and;

titanium carbide (TiC), a MR head having a function of re-producing data, formed
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BEapposti ste i : i i tic head
nd steald 151 G 5 is a cross-sectional view of a magne
i[ﬁgflcj)di ng the thi r?l magnetic filmfabricated by the apparatus illustrated

in FIG 1. Speci fTealdwer shieldilRibas yith‘@khbﬁmﬂ Buﬁ:@,rg{mﬁt_ tmf_ l;%ﬁ%gég(g)jgre%g%%l y

i i .l.ayer sputtering, and the thin magnetic fi _ |

ICBSKl: ?}:13 n‘g’t‘?%sﬁé)%& g’ed Solan g%t‘fﬁﬂ?efrhe;lpwgr ani|uppley shicdds 1 Dlayidi 13, ghat is)g.
Wth ref ﬂﬁ%ﬁn&@s@% 5, the ma neg(imckgead Is conprised of a substrate 11
as a slider corrposeot 8fm§%?)ﬁ1%§elgaé'ta | s1sotet gnua Wfﬁ.ﬁime EAéﬁ(C:IIB)n aggta

]E | tanijuranCiLb | lde 2181-514@ Bt MR DG AR t%efnggglgétgpl'egistar.ll_eéepe ect devi%e 15.
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As illustrated in FIG. 6, the magneto-resistance effoct device 15 is comprised of a

central region 21 sensitizing a magnetic field radiated from a recording medium,
an& end regiéns 22 sandwiching the central region 21 therebetween. The end
regions 22 provide a bias field and a current to the central region 21.

The central region 21 has a multi-layered structure having GMR effect
which generally called spin-valve effect. Specifically, the central region 21 is
comprised of a multi-layered structure in which an underlying Zr film having a
thiékness of 3 nm, 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
thickness of 0.5 nm, a NiFe film having a thickness of 2 nm, aﬁd a Zr film having
a thickness of 3 nm are layered one on another in this order viewed from the lower
shield 12,

The central region 21 has a width of 0.5 #m which defines a width of
reproducing track. Each of the end regions 22 has a multi-layered structure
including a CoPt ﬁh_n‘acti.ng as a permanent magnet film and having a thickness
of 20 nm, and an Au film acting as an electrode film and having a thickness of 50

nm.

“As mentioned above, an ID head is formed on the MR Head. The ID



on the substrate 11, and an ID head forned on the MR head. The MR head is’
conprised of a |lower shield 12 fornmed on the substrate 11 anZB Apn00ded of
a patterned CoZrTa film an upper shield conprised of a NiFe film
containing N at about 80 weight % a nmagnetic separator 14 conposed of
al um na Oﬁ@aa{durbn numﬁoxi de (?1208) and sandw ched between the | ower shield
12 and t ppas &shnettton 3f modrdingedatal Qrsh@,sitﬁéalgﬁfélegﬁi%m device
formed in the upper shield 13. The |lower shield 12 'has a thickness %?ei
[err]m arfBagmdt r shield has a thickness of 3t m A gap between the
| ower and upper sgi[heigﬂi 12 and 13, that is, a thickness of the magnetic
separator 14 is sétiefldeadgsonyrised af apnagnetic Igaps16 downed ost thecupper of
t he magnet.q: | St e effect device 15. As jllustrated in FIG 6, the
magnet o- r té“‘@%eg??n% eggﬁﬁtegpna:g@gle%tmﬁnq atgnpf iferned fom the emagndtia ggp o6, 24
sensiti zi REehdBENEL ' ' d from _ a recording nmedium _ and end
regi ons 22 sandw cﬁlga{r%1 eﬁ?ghgléjr’]at%&aﬁ ?Oé‘&fedﬁoﬁliﬁ? f:}ﬁtetﬁg’c'%‘ileh\:ﬁés‘élﬁ@r Y6 ons
22 provi deleaitaof bhigd U8 Fihéd SHEHE € ol region 2L The central
region 21 has a nulti-iayered str uc%?fé&ﬁtg\gﬁﬁé%&%&céﬁ'ﬁgt“%iw HeHerer | y
cal | ed spimgneiticepaltf 20 fornSpt ebidread lthe hienc8OLLE! |0 b tised
of a nulti-layered structure in vmli@%h an u%%lerl ;/gjiégglgra%% ﬁﬁq@%gé;ﬁ%&éﬂ%m
t hi cknessigfulgtoxrly ard thesedondmdramangpetic ihiwlkbasE HerdQifin a CoFe film
having a thicknegss of 2 nm a Cu filmhaving a thickness of 2.1 nm a CoFe
filmhaving a thiBgkMeBer shiedd 33is somposédrel $2-perhallopciral tHy A TS NRIF2
nm and a_Zr fl.l mhayin a I ckness of 3 nmare | ayered one on another in
this or de?ga\ﬁngv%?'lﬂ }éﬁﬁ%ﬁ‘e"q% ; Prméilps padiabrivatedcesntheappagitus ildstha da
wi dth of £ Prdl{m which defines a width of reproducing track. Each of the
end regions 22 %as a multi-layered structure including a CoPt filmacting
as a pernanent nEDRetmAFAdRARS, NAY L, i S __of. n, and an_Au
filmacting as an el ec.tgr]%)de ?i Pm an%%}o%ggg&ﬁpgﬁﬁ@é%o% 38 rpposed of
algmma or aluminum oxide (Al,0,) and has a thickness of 0.18 ¢ m.

The first non-magnetic insulator 17 formed above the upper shield 13
* with the magnetic gap 16 being sandwiched therebetween defines a zero throat
' height. Thel first non-magnetic insulator 17 is composed of photoresist.

Each of the coils 18 is comprised of a copper-plated film, aﬁd is
electrically insulated from surroundings by the second non-magnetic insulator 19.
The second non-magnetic insulator 19 is composed of photoresist.

The upper magnetic pole 20 covers the.second non-magnetic insulator
19 therewith, and is exposed to ABS facing a recording mediuﬁl.

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

Hereinbelow is explained a method of fabricating the upper shield 13

acting as a lower magnetic pole, and the upper magnetic pole 20.
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As nentioned above, an ID head is forned on the MR head. The 1D 9 23 April
2004 head has a function of recording data, using the upper sh?épd 2084as a
| ower nmagnetic pole. The TD head is conprised of a magnetic gap 16 forned
on the upper shield 13, a first non-magnetic insulator 17 formed on the
magnetic gap 16, a second non-magnetic insulator 19 forned on the first
non- magnet i ¢ i nsullhedppey shield diBuarad theyupderanbkaeti8pbler 2@ eheird fihacaed
non- nagneti c i;:éli; ator 19, and an upper_ nmagnetic pole 20 formed covering

t he magnef 4§ anpRgaysdlusiistedrig a6 . The wlatiog sbiutindwaselestmomtl
non- magne%) %niﬁéﬁ}@r 19 therewith. The upper shield 13 is conposed of

82- per nal @a Y VHEFOBRORINGE  magnetic fil mforned on 82-pernal | oy
and fabricated by apparatus i trat in FIG 1. The magnetic gap 16
formed on the uppgw?ﬁi eld 13 isdc(i’)%’ﬁ? d5%% al uni na or al uni num oxi de

(A1203) and has anidpckness of O-O]%O : first non-magnetic insulator
17 fornmed above the uﬁ)per shield 1 Hlv(\)niryr]]l-{?ﬁe magneti c gap 16 bei ng

sandw ched t her ebNHyegn defi nes @_g@ﬁlglyi]gq:@ﬁt hei ght. The first

non- magneti c insulator 17 is conposed of photoresist. Each of the coils 18
is conprised of atHgBPper-plated 0i40modndités electrically insulated from
surroundi ngs by the second non-magnetic insulator 19. The second
non-magnetic i nsufe®@t 19 i s comPddlddmol ket andsi st. The upper nagnetic
pol e .20 covers t?g. .seci)nd_non-ma netic insulator 19 therewith, and is
exposed to ABS f a9y lamicacidn §-0A035umel fhiterupper nagnetic pole 20 is

Cayer . and o magnit PIRGRE Solp TEeed inah b Bene ey 1 tirrebdor THe |
g B,y SOl 10,50 R s o e
‘cooler 2. Thereafter, the plating solution was circuited in the plating bath.
Thgn, a Co-Ni-Fe film was formed on a substrate by paddle process. The thus
formed Co-Ni-Fe film had a composition és follows: )
Co: 65 weight %;
Ni: 12 weight %; and
Fe: 23 weight %.
The Co-Ni-Fe film had a specific resistance o of 20 4 Qem.
There could be fabricated a magnetic memory device having a recording
density of about 10 gigabit,”square inch or greater, by using the abové-mentioned

complex magnetic head, having the recording medium had a co'ercive force of 3500

Oe or greater, and setting magnetic gap between the recording medium and the
magnetic head, equal to 35 nm.

[Third Embodiment]

In the third embodiment, a reproducing section and a recording section
of a magnetic head are fabricated. The upper shield 13 and the upper magnetic

pole 20 in the magnetic head were fabricated through the apparatus illustrated in
FIG. 1.

The plating solution was designed to have the following composition.,

11



i i i ‘ i l e has a
havi ng saturation magnetization (Bs) of 2T. The upper magnetic pol
t hi ckgess of 1.0 u m Hereinbelow is explained a method of faBBiApst2004 t he
upper shield 13 acting as a |lower magnetic pole, and the upper nmagnetic
pole 20. 10 23 April 2004 The upper shield 13 and the upper nagnetic pole

[ [ [ 1. The
20 were fabricate nmeans of the apparatus illustrated in FIG_
pl ati ng sol ution %&%ychesi gned t 00-RQGenelxelitant | owi ng conposition: CoSO4

i NH4C1l HSB eSO Sodium | auric acid 0.092 nol/liter; 0.20
%S/Oﬁiter; 0.28 %‘ﬁfiiter; o3 imeh 7 e 0.016 mol /1 iter; and 0.00035
mol/liter. The pl gt sol ution poal in the plating bat , stirre
for 15 hours olro m‘g%r, and then,'aﬁ%‘f’ #wn to 15 degrees centigrade by

. . . Jed in
nmeans of the coo . Thereaft .ating solution was circuite
t he pl ating bath. H%%?én a Co-Ni %goglﬁ@ﬁﬁiﬁ%’for med on a substrate by

paddl e process. TimgsSOhjus f or med @Qléﬁlﬁcﬁ?ﬁﬂeﬁ-%ﬂ@d a conposition as
follows: Co: 65 weight % Ni: 12 weight % and ,
' Sodium lauric acid 0.00085 mol liter.
The conditions for plating were 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 hoursr or longer, and then, circuited in
the plating bath. Then, a 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?
Théreafter, the film was annealed at a temperature in the range of 100 to 250
degrees centigrade. As a res;ult, there was formed the thin Co-Ni-Fe magnetic
film.

The thus forméd 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 resistance o of 20 « Qem.

By using the magnetic head in accordance with the third embodiment, |
it was possible to havg the recofding medium had a coercive force of 3500 Oe or
greater, and set the magnetic gap between the recording medium and the
magnetic head, equal to 35 nm. As a result, a magnetic memory device having a
recording density of about 10 gigabit,” square inch or greater was obtained.

The advantages obtained by the aforementioned.present invention will

be described hereinbelow.

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

12



Fe: 23 weight % The Co-Ni-Fe filmhad a specific resistance p of 20 i cm
There could be fabricated a magnetic menory devi ce having a r%cﬁ?rdizﬁg“
density of about 10 gigabit/square inch or greater, by using the
above-nenti oned conplex nagnetic head, having the recordi ng nmedi um had a
coercive force of 3500 Ce_ or greater, and setting magnetic gap between the
recor di ng BRaeRelH Bha having higineativeatiendnagmpisdation, 6 isbande] v EHe range of

Enbodi nen t he ir odi nent, a reproducing section and a recording
section é‘%ohaﬁa&é}tﬁgoﬁegﬁr@cmmﬁ-c@%, a hiédin pwegnetit efibn 1Baving hizgh
upper nmag 1.G 42 PO 20..in.t he tic head were fabricated through the
appar at usg?ﬂ%&@a‘%@ﬁ“?ﬂzatﬁ@nﬁg Ecg%qt%sg@ﬁ ¢an beohkainedsi gned to have
the follow ng conposition. 11.23 April 2004 CoSO4 N SO4 NH4ACL H3BGs
FeSO4 Sodiumlauric acid 0.092 nol/liter; 0.20 nol/liter; 0.2%

mol/liter; 0.40 nmol/liter; 0.016 nol/liter; and 0.00035 nel/liter. The
conditions for plating were determ ned as fol |l ows.

13



Current density 20.0 mANcnR pH 2.7 The plating solution havi ng t he
above- nenti oned conposition was pooled in the plating bath 1,2%0pfili2884f or
15 hours or longer, and then, circuited in the plating bath. Then, a.
Co-Ni-Fe filmwas fornmed on a substrate by paddle process at a room
tenperature and at a current density of 20.0 mA/cnR. Thereafter, the film

was annealdAIMSa tenperature in the range of 100 to 250 degrees
centigrade. As a result, there was fornmed the thin Co-Ni-Fe magnetic film
The thus fornmed Co-Ni -Fe magnetic filmhad a conposition as follows: Co:
65 weight % N ; 12 weight % and Fe: 23 weight % -The .Co-N-Fe filmha
a specific r edi étlﬁ?ﬂ’é’dp) dnbrigativgrd thim mBygnetsc fidmt tempe@dedsl Co-MNEaRe hlloy;
accordance wit.h.the third eIrtho,di ment, it was possible to have the ’
recor di ng®HEBTEHERE sfep Rl mlating aay ehjentt withoplaGimeosolution abatainandCs dnd he

magneti c t he recordj.n dium and the nmagnetic head, equal to
35 nm Asﬂgﬁ)?lgsgéw, aloﬁﬁ’g’?‘?éfclipéaj?’rﬂgéf’ tiay (loebaingikegt a% 20edeprdomeprdigraidey of
about 10 gi gaki ' . reat er .was obtai ned. The advantages

ForB B et behlgages.

obtained by the a rone nvention will be described
her ei nbel ow. I n accordance with the present invention, it is possible to
provide a thin 12 23 April 2004 magnetic el mhaving high saturation

magnet i zat i orf. The methodnge set Hotthein a8 f whbS020G:i013R00G
i nclusive. Thus, a thin magnetic fil m havi n’gwhi g%g gizlal{du(r) g&o% H%%%‘gtartz%ti on

and st abl SUERE densitt of 1z mA denferareatered. 13 _

3. The method as set forth in claim 1, further comprising the step of
apnea]ing the plated object at a temperature in the range of 100 to 250 dégrees

centigrade both inclusive.

4. The method as set forth in claim 1, 2 or 3, wherein said plating solution (L)
contains Co ions at 0.05to 0.4 mol~liter both inclusive, Niions at 0.03 to 0.2 moi
/liter both inclusive, and Fe ions at 0.005 to 0.05 mol,Titer both inclusive.

5. An electrolytic plating apparatus for fabricating a thin magnetic film
composed of Co-Ni-Fe alloy, comprisihg:

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

and Fe ions; and

a conditioner (2) which keeps said piating solution (L) at 20 degrees

centigrade or lower while plating is being carried out.

6. An electrolytic plating apparatus for fabricating a thin magnetic film

composed of Co-Ni-Fe alloy, comprising:

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

and Fe ions;

14



23 April 2004 CLAIMS.: 1. A nethod of fabricating a thin magnetic film
conposed of Co-Ni-Fe alloy, conprising the step of plating a#3 8pjil€f04wi t h
pl ati ng solution containing Co ions, N ions and Fe ions, said plating
solution (L) being kept at 20 degrees centigrade or |lower while said
object is being plated. 2. The nmethod as set forth in claim1l1, wherein said
obj ect is platedeat exchaugeen®) dehizht kefs L5olY Cﬁ@dﬁ[mgfﬁf?aé %redgtermee
nmet hod as set forth in claiml, further conprising the step anniear ﬁlg
t he pl at edeBYjedaturat a tenperature in the range of 100 to 260 degrees
centigrade both inclusive. 4. The nethod as set forth inclaim1l1, 2 or 3,
wherei n sai d [ HSPHPIE §D)temnorarily poolingsmisl KlatingnslatioR (O anl Febdihg said
mol /liter tioﬁh inf:I usi&;, Ni .jons at 0.03 to 0.2 nol /liter both S
i ncl usi ve PAHBS ERUHI (Iattogagobeaivexshemeem (I i ter both inclusive. 5: An
electrolytic pl a thin magnetic film

R\&B 4PRRALALYS for fabricatin _ _

conmposed of Co- |e£g a%&ﬂgetﬁio PSR Jnngr sugiaceqoh aaid Pgé)tm@haathn(ldgand
e ; ;- Lo . N d Fe {ons: and
Pondi ¢ oner 45100 e 0 Bl B 801 Rl P BEthdiger: B3 au s dhevisbet grdeso said

centi gr adesseyvbe@wB); arti | e plating is being carried out. 6. An electrolytic
pl ati ng apparatus for fabricating a thin magnetic film conposed of :

Co- N - Fe al | og,pwontoi feeding 8ajd edoling Raliih Ih £ i N i ytjon
(L) containing Co ions, N_ions angl%Fe i ons; 14%%8%% ?e%%%bg%ﬁ%gkma
exchanger exehanger R, wehtulod); ssgd matingbath )piebiatia abangdir {s§mper at ur e;
said cooling medium being cooled by said heat exchanger (8) and being fed
through said tube (4) in said plating bath (1) to thereby keep said plating solution

(L) at 20 degrees centigrade or lower.

7. The electrolytic plating apparatus as set forth in claim 6, wherein said

tube (4) is composed of teflon,

8. The apparatus as set forth in claim 5 or 6, further comprising a controller

which keeps a plating current at 15 mA_“em? or greater.
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a reservoir (5) tenporarily pooling said plating solution (L) and feeding
said plating solution (L) to said heat exchanger (3):; a tube23Aprigdd4nged
al ong an inner surface of said plating bath (1) and connected at one end
to said heat exchanger (3) and at the other end to said reservoir (5); and
a punp for feeding said cooling nediumin a |oop path defined by said heat
exchanger (3), said tube (4), said plating bath (1) and said reservoir (5),
sai d cool i ng nmedi um bei ng cool ed by said heat exchanger (3) and being fed
through said tube (4) in said plating bath (1) to thereby keep said plating
solution (L) at 20 degrees centigrade or lower. 7. The electrolytic

pl ati ng apparatus as set forth in clq%g1§ wherein said tube (4) is
conposed of teflon. 8. The apparatus STt forth in claim5 or 6, further
conprising a controller which keeps a plating current at 15 mA/cnR or
greater. 15 23 April 2004 Abstract Method of Fabricating Thin Magnetic Film

d Bl ectrol vai . . . . . A
ot hod and_ apbay oGt rf?&bggﬁ?fé?gﬁﬂ Migncthe £ afd PIRCR oM Pl o "
Co-Ni - Fe alloy are di scPBeEdUS Rk ﬁgﬂﬁ%l‘—gmgﬂﬁgcsﬁ@w of plating an
object with plating solution containing Co ions, NI ions and Fe ions. The

plating solution is kept in a plating bath at 20 degrees centi grade or
| ower while the object is being plated. FIG X 16

A method and apparatus for fabricating a thin magnetic film composed of
Co-Ni-Fe alloy are disclosed. The method includes the step of plating an
object with plating solution containing Co ions, Ni jons and Fe ions. The
plating solution is kept in a plating bath at 20 degrees centigrade or lower
while the object is being plated.

FIG. 1

le



