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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 mgmmm%ﬂmg ower nmagnetic 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 medi ukhe p@m@tmn elatemdgo et nethed of Eﬂin&ﬁﬁn% %etl’%lgs %bﬂm

coercive force gnc{ﬁ t] magnetic perneability. In
magneti c ARt &R efectraly ch’ BEmgsmpaxatiefor doinmther ssahe hend Apre lpla@ﬂbﬂraﬂiotfot
and, | ower magnetic |ayers in an

t Th
et | ver RS b Gatile R 5P aeotisdlim howmassmmoNicoomive foroqmpasedl of
Ni - Fe al l'evegnefd-bQshtRR éfﬁfsltgﬂt 2 a@graﬂlmqlogag%eeirngamon in the range of 18000 G

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



magnet o-striction constant and contai ning nickel at about 82% Such
permalloy is called 82-permalloy. 82-permall oy has a saturat2dApmegaéti c
flux density of about 10000G A magnetic head coul d generate a stronger
and steeper magnetic field, if conposed of magnetic material having a

sat ur at i oNpdEOORILG ¢ nsity. high han that of 82-permalloy. As an
exanpl e, Japanesee gltotkalﬁpy %ﬁ%ﬁoé%q P%ﬁﬁﬁ[ﬁa 2y, galiebperragtion davime abnbstetbro
Pat ent Pubhbgaéioost MNionZeo88808) est e gnetjc head including a
ternary plat gd fFilm St%lﬁcoglg a t%ﬁ§%§t§ chglfeﬁrﬁtr%&h‘ﬁ@?é’/e} otucty prrmaHpyi n

order to dscalipdi8@hpernhuldy. saturation magnetic flux density. In a thin
magnetic fil mconposed of Co-N -Fe, since saturation nagnetization (Es) is

dépendent on a cold@esirmaiioy Bas @ ffuMitiod o ry 1o .desi
conposi ti O&o‘;iat i Oi)ithjal\gd asuzirral | as poéos% ETdeg%feg& Eavél ﬁig{S’ltjﬁ'&: ﬂi’aflﬂﬂé?ﬁpgﬁ-
magnet i zat agpsyic lroudd heemebaied s istronSef e . Ni .

i n order to have fcg rgrn)?gt aﬁf@é%g%l?éﬁﬁ%%&ﬁ%ﬁaelgeﬁr ed

28? f e%éﬁ%@%&)%gﬁ?%@ﬁt@tm@tmmmngrmssatumgmtn@a dticCALR M ay;diha0! v
' %ﬁ 'eggﬁgaggegp ’

it is qui iLificuld, or nost, i npossible in the thin Co-N - I C
filmto sta'i{a““?‘{s;f";i/“"kE rc?g Sgb%vé‘lﬁh%t ‘el exammeqdaparesatBatent PicationyNboveach
ot her. Heuwagip . No 214326, has suggested a thin nmagnetic

fil m conposed (J)(? -Ni -ggg}gé%én%depﬁg‘?‘é %P%E%’ﬁlan &gﬂ F68p0®hhas sagpedted sead

is conposetgnetieheaddgst ' f{?agﬂet' ilmis designed to have ni xed
crystal of ar layer ha\ﬁgé%gﬁ-ce t%*ﬂgﬁéct%}m@“g r ¥ t2uthin deagnetid for
havi ng f acemposst of €tb-NidMeC iRt drded WhCaced, ggasted thin.magnetic, film has
saturatioaL n%%;letization of 2.0T or gcfelgﬁééﬂa%?ﬁﬁcsgﬁﬂ&%??gﬂag%qtil‘bﬂ(ﬂx Ni
at about BRMEN-ght % and does not contain any additives such as

saccharin. This s]Huct re causes a boundary between fcc and bee crystal
structures to shift & ovWaRdBnagnetige filmwionipoaed comms NG iF §ﬁtcé°s£’€ud%ﬁohs
20

| over t haﬁa%ﬁ@f’i%ﬁihﬂ rtﬁls) ‘i)snﬁgpelﬁfen% orneg.u(!ogﬁp(}s?teiof E‘gi\;/iﬁ 02f I\ZIE iﬁpi; i1:1|eces£a;ar'y 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-



menti oned Publication provides a thin soft magnetic fil m having high
saturation nmagnetization, a small coercive force, and small 23 April 2004
magnet o-striction. Japanese Unexam ned Patent Publications Nos. 7-3489 and
6- 346202 have suggested thin soft magnetic filns which contain additives

h | ; AL ikl ' fcoc cryst. face and
Gofino o qaorachdt PUBIL R ARES &) 5Bt Medheil BT ok ih sgthaein i on

in a coer chagndtiwatpnandmal BRARRICr & hhald 1 GRRNB ke ntioned above,
the conventional thin magnetic film corrposse 0 %?(RI%@TIE@?O uld present a

smal | coercive fodepawnd Hnsr@ininsth®aed: s BhblisltiG lﬁ%Q.”‘?-tSaL@b DY gesdd a

conposition ratio of Ni low, but is acconpanied with a problem of unstable

crystal stayesuggestedsbin sofymagnebiatfiliis whichdoheaigiddetithd haihd saddhaflgTOSt

I mpossi bl e ;}? _agcorrpl i sh stabl e high saturation nmagnetization, for
i nst ance, "Q&LHERY inﬁf%ﬁgﬁéllqur@ Coeryssonce end3BANGE. a degrucdef oriéntabionease

a density | eti gal recording data, it is necessary to present a
magnet i c ﬁiég%f:r(gg@a%? ﬁ%ﬁ@t EBEYTIREotAGHChgnhity i peseivei Frgce caphai magnieho-
order to gﬁ‘f&m‘jﬁﬁﬁ#fh a magnetic head, it is absolutely necessary to
present a magnetic m havi ng hi gh recording capacity and stabl e

a1 Eomaha TN 0 0 LS i

saccharin is wused for preferentra

acconpani €0-Ni-Fb eudd offessnt tahaindli @hersiiel kb O hzahhon.cannot. be
stably obtained because of unstable %rystg gt%%%@%’f%%@%tf t melace.

SUMVARY O JEEt /BT $e@hinigna vioenp axfitioh eraglo0ye NIETW, BRdiP hengiEnibl +hE a
conventional .magnetic _films, it is an object of the present 1nventionto

g ,
provi de (BYOPlemeriistebleranpstad stiuegurea resulbingeipnidiait it fokild ba\uiee SITEEIL
coercive forge and smal.g n%(gnet o-striction constant, and. stably providing
hi gh sat urata‘i%lﬁs wessible tomecomplishsstakie high matvration magmetizatit, oforof
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' ' 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-mentidned 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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apparatus for doing the sanme. The inventor conducted a | ot of experinents,
and found the facts as follows. In Co-N -Fe magnetic materi al 33 Apditadddt i on
magneti zation, coercive force and a nmagneto-striction constant can be
controlled in accordance with not only a conposition thereof, but also
crystal structure thereof. For instance, by designing crystal structure
such t hat FRP@rafyssiozidofngthd sampreferentially oriented, it is possible to
fabricate a thin ghetic filmhaving small coercive force and smal |
magnet o-stricti onlﬁ’@n&"&ﬁﬁqr gorvatied melothafvexprihegls, Saidufatidothe facts as
rragnetizatf{')lg(P Swithout using additives such as saccharin. In other words,
It IS poss ‘g_'to obtain a thin magnetic filmhaving small coercive force

and smal | magnet o7st /L GE: 0N _constant, by having the thin magnetic film had
a | ow conpositi onhﬁa lljo(i\tho © NP2BRGIG dppterials, saaratioe nmegnhtidationn doacive hat

uhen a UNEGaRaned) Gabht BB RN R o0, Dryeans, of el ectrolviic

pl ating, crystal structure in

condi t i onsniyos compbyitie ﬂiéfre@jiﬁ% ?%%)ﬁ%g&apgﬁ.h:cg%é 4:QFH]E!FPO e, it is now

understood that a thin magnetic VI ng tion nmagnetization

can be fabri cat edFoyimthhed) by Mgﬁﬁg@-ygap%qgﬁgg@cﬁgﬁag%a C\éi{,ﬁ Ul

el ectrolytic plating. The present invention was na ased
above- menPrfatrntialdt orienspdcitf iscpbdsjhleito fibicaSHeC thef niff%xe@fceﬁﬁﬂt havin
i nventi on ta@gre is provided a nethod of fabricating a thin nagnetic Film
conposed BRAEoGTCRE BrroRnd Aerlldmagnotchetrition congthat, i A1l FortMei-Ssdviit h
pl ating sg*ég{ LOALSeRLAL NG, .Co i ons, \Ni_ions and Fe ions, characterized in
that the preat g abiot PMRsuFEzation, withoyt neing aslditives guelt@s srcchamiar . Thn
another asiRetwoldieieid SoRimp! feghal, ¢l getrolytic p,ating apparatus for
Fabr i cat | s Ty aein BeRiBE 7Pt & Bbmakhete B havisg Smadl cervigon
plating batree andtsmidll Rh et sHSorsa M R D T S Phir Rienbtic 5 B aq¢ Fe
ions, and a conditi onerﬁvvhi ch keepggdtsﬁéehtgfg t}:?aryéngg%]% 2g° ged
cent i gr ad®lew camposition 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



23 April 2004 |ower. BRIEF DESCRI PTION O THE DRAWNGS FIG 1 |25Ha _lfszcaggratlc
view of an electrolytic plating apparatus in accordance with 3 g(lff o
enbodi mrent of the present inventi](c)n. EIGE[h_Z i's angrﬁgtf?}‘ mx%;g?/i c:alteziaby

i ndi ive of crystal structure o t he in mag _ :
ItRCe]II gg:)aralt()% il?/ustrated in FIG 1. FIG 3 is a graph show Eg ?h'rﬁl ation
bet ween crystg'l structure and saturation nagnetization in the ] IFIG AP
magnetic filmfabricated by the apparatus illustrated in Fl Gd :

a graph showing a relation between a filmfabrication rate an a.

' ' illustrated in

Hagperlat uIr:I %IEE@;ES aRErPg‘ss- sgc I on %ﬁgﬁ gengggg'[ ?E:ufleiad :J?]cl udi ng t he

' . . . . . I G
thin magnetic filFIG abriscat@BeMatidh '&P%@ﬁ%@&&h@% gﬁ%%gﬁ@g P}H:i ;
6 is a partial cross-sectional vi ew of ‘a magnetic e
R b1 N & Tt Phreriry petmeamhb sk a TS S ent) Rl
DESCRI PTI ON OF THE PREFI : . ; i
1 illustrates an et 1l yicharpbhiruay éﬁﬁacﬁbﬂiudﬁaﬁﬁ@%f%?%l‘Mtf&tuf«ﬂgg g

. : . : 1ty
' e of the present invention for fabricati ng a magne
first enb%ﬂé nnt magneit]ic fabricated by the apparatus illustrated in FIG. 1.

FIG. 3 is a graph showing a relation between crystal structure and
saturation magnetization in the thin magnetic film fabricated by the apparatus
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

5



including a thin magnetic fil mconposed of Co-N -Fe alloy. The illustrated
el ectrolytic plating apparatus is conprised of a plating batB3Apgloiiddi ni ng
plating solution 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

tenperature at 20 degrees centigrade or |lower. The cooler 2 is conprised of

a heat exchrathgorang fabiintg theqistiagebivtthn CBID YRR Golt : er ml ped
tenperature, for_instance, 20 degrees centigradef3 ae}?crhsé%%Q rgrgi?%]%ﬁontube4

t enpor ar i 13738684 Hya sRerapalaigun smartswfhcCafthe phaske haam ! !ﬁgrﬁd At 8423
April 200 b%th 1, and feeding the plating solution to the heat
exchanger STOFTUPIGICAtNEthe teflonatihedd iamdattepheat! exthange3 foWiah Sehage

of the plati th 1, .adirst conduit sa_ fluid-comunicating the teflon
tube 4 angstek ‘%gd %glgi&mix%thgﬁb‘iﬁo@m‘bmé%@ﬁg dhadeflon tubechnodctindvbdertbir 5 to

fluid-co ' ' t ef 1,0 ube.4 and the reservoir 5 to each other, a
third co%??q%%ég%u%%?goc%ﬁﬂc@% ﬁHbd'P‘P?En%‘E&é?t&’égrths rgmervobe 5 eant the heat

exchanger e3ch®&n B ot , not illustrated) for feeding the

cool i ng rreglcihumgéci r?g a&l%go%ﬁ%g’t %mgéfnp‘ﬁ%@ ﬁRf’tt‘h@S ?5e%9é"hf§ﬁé¥}1€ the coddinig r st

condui t 6aedihen Ctiafd aptpdl Ib; ' et eservoir h, and

t he thi rdaé:ﬁ&g\;i l;;a( lgc.h Tﬁelmgool Fﬁgaﬁ’eyz@%ﬁqd%t%g%%%?%J&egﬁsgﬁw WE Baethe

sol ution & \ke 4, theheecond comduiosd| the i d t _agxchanger 3
b o it § e g PSR R

and fed through ¢the spiral-shaped-teflon tube 4" lto

thereby keep the BPACPAking suidininod it canpPided eQARESeB8 bbIM AN wWaglET - The
pl ati ng sol ution ' L.rculated in the plating bath 1 by neans ofal a  punp

i s
(not illustrat ed)'f{l% R ErRdigmalsi geglesobythohebt exclempentd 464 Yedth®ugh
predet er m LEDe | n,addi.tion, paddle plating process is carried
out so agt %gﬁlté‘ep pér%%/dﬁéeﬁlnoél p‘* e Hnﬁgﬁtﬂlﬁﬁﬂs&aﬁﬁilotﬂ thereby lsepftheeplatinghi ch

a pl ated gdlufiohd. ho204. Jred e H constant at the surface. Arate
at which the plating sgkﬁ{i onnlﬁg?g%ef }é%mﬁ[}ed in the plating bath I is

det ermi ned such tHad pletimesafubioas, & cikhSat ' L 98, and the
plating bath 1 are kept constant. ¢ atdd Bll;ﬁ@pfa?mg bath ![by means of a

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



FIG 2 is a X-ray diffraction chart indicating the results of observing
crystal structure of a thin magnetic filmfabricated by the ePedpriolGd c

plating apparatus illustrated in FIG 1. In observing the crystal
structure, the plating solution L was kept at 20 degrees centigrade or
| ower, and the pl ir&g solution L was designed to have the follow ng
conposi tion: CoSOfs®%92 nol /1t .40 mblsMted; 20 nol /liter; NHACL 0. 28

mol /liter; 6 23 A@ng 2004 H3BO3 0.40 nol/liter; FeSO4 0.016 nol/liter;
and Sodi um | auri €®8d 0. 00035 rdPABinaly litrmpandnditions for plating were

determ ned as fol __.Cur.rent, d ' 15.0. MV cn2 pH 2.7 Herein, the
apparatus nay be gg@ﬁﬁﬂéﬁu{%aic’rﬁicl(ﬁgébég&?i%ﬁ?r-controI ler (not
illustrated) for I.NG: lating.current, at a cyrrent density of 15
mV cn2 or great e‘rﬁg%ﬂl&ﬁ%ﬁv?ﬁgﬂéﬁﬂg\‘/"'ieéﬁldB%rF’rlé‘?H@,s follewsy i ent ati on

becones predom nafurréas dealshg,nperfg_ymg e plating solution L reduces.
FIG 3 shows the results of Observation about saturation nagnetization of

the thin magneticpHi | mfabricated by the apparatus illustrated in FIG 1.
In FIG 3, a relation between bcc(110)/fCc(111) and saturation

magneti zati on (Bskerain, showuppatdtusanaf bendesditied fo YAAWIOH &rfencdidbniie
saturation netization (Be) became greater, as the bcc orientation
becones gﬁlgg?l«gp_stnaé@@efor ikeeping a pliting curkenhat acnerohi gondlty bODS R cm?
enhancing_t he hcc orientation of the thin magnetic filmis reduction in a

t enper at uPett®he pl ati ng sol ution L.
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 uniformity 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.



i [ [ [ than a room
ral, a plating solution is kept equal to or higher _
'Itgrrggpgture inpa pl a?i ng process in order to enhance uniforni Z3Apil 2804 .
conposition of the plating solution and increase a plating rate. FIG f
shows the result of observation about a relation between a tenperature o
Co-Ni -Fe platjng solution and a filmfabrication rate. It was found out |
that a co%‘lr ermeYenit say cenfiuned dhet caly Gtrjaﬂabﬁsmrlcgdﬁe wabsav%ﬁ%eﬂgge% ';aggs
erature, that is, in the range of about ~to about _
E:g?lt iegrgg SIPATAIYE YeéKd i t was confirned that the tzh! n Eagnelt i Cg]:alrl ;nl 223
' it .in Lane of a usyally used, 2-inch or lar
:L“bfs'? ;theCng gcsalt gﬂlnﬁ?)%ﬁ’g C}?é‘fiﬁﬁ‘feg,t erexpasingentsitorfiu] alsaitabld yamgeysf al

' [ The inventor had conducted
struct ur e gy . rﬂgﬁ ehperature varied. _ _
t he exper ia\ﬁrrg%ttés/&riﬂgﬁgfl n gc%tc}ijﬁ g%;ﬁe range of an intensity of diffracted

s M eforably equal ‘to s Ibeny Egﬁ%?'?‘s???‘é‘ﬁ%‘p3@?&%@9&’#&%9@%%@5@&%1?31
[ ona Oy of i 1T sred oy AL, 6T xpaE SO B
ety of fg.tﬁhéoﬁé.%%ﬁhﬁndusidimmmemm i9iddbed i hbdibiny Gaitithdtba
e et A0 Lo o Ak hen s s b
1 Y act s BERERE ORI 57 it o cmipon ditmand oy
ene: ¢ FREGTRERES AhufRaN MRl oS Ssacns mcmpars oty
L5, O ! oS | ] AL PR S s SRS
conposi t i diffrattedhE-raghatv@1op s decsres b6y -bbnfefedlchbi Yﬁﬁcgsinfao ﬂi%mgl'agggtic
40-70 el r1]1?1 c(?mposed of Co-Ni-Fe alloy, and X2 indicates a peak intensity ratio of an
_ in,i;,ensity fcc (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. '

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

titanium carbide (TiC), a MR head having a function of re-producing data, formed



Ni: 2-20 weight % and Fe: 15-40 weight % [ Second Enbodinent] FIG 5 is a

cross-sectional view of a magnetic head including the thin na3yApli2®0fi| m

fabricated by the apparatus illustrated in FIG 1. Specifically, an

underlying filmis formed on an electrically insulating | ayer by

sputtering, and _the thin magnetic film conposed of Co-N -Fe alloy is

for med onORKBe sHBskRie Al ard AmIbyhed defrmedyn theMiR hewd, Wth reference to
is conprised of a substrate 11 as a slider

FIG 5, the mgne@hcg\gﬁg}dﬁ )
conposed of conpl éRecehdifadsisgpmurigadnfra lowiedehield ABpraved orf thanibitate
car bi de ( a_MR.h havi n upction of re-producing data, fornmed 23
Apri | 2001i %‘H‘ “toﬁ”é’lé%Pg’sa‘E raaP%tti%}eadaé@lElgl?ﬁ film e ypper shsdldbenmpasaRofie NiFeThe
MR head i o) ' . | owe hi el formed on the substrate 11-and
conpr i sedﬁ% @%%?’?ﬁ?ﬁﬁb%@%%éf% i‘f"ﬁ’;gﬁéﬁuﬁp%ﬁg%?ﬁweﬁ%p%r@ﬁw ild cxpmifosad NifFe
film contglyhizg H RN | ght_.% .a eti.c,separator 14 copposed
of alumina or al u%ﬁinrﬁm oxito e (@%Q)ana&nﬁa%g‘ﬁ%&féﬁgawﬁ& \RE%EO‘Y%SIP‘G A2
shiel d 12andmHe pperRBedId SIY, ahd 4 BodIBG Shskan ffect device
15 formed in thtedi@upper shield 13%1&%1%@? gewer gﬁ%g‘r‘%&ﬁe‘ﬂ%ig f{?’fﬁlﬁ‘ir‘l’éggeof 1
[err] m awpparhshiefdpdd. shield has a thickness of 3t m A gap between the
| ower and upper shields 12 and 13, that is, a thickness of the magnetic
separator 14 is sEhe kyerishieldol2 Bhea thivknEsCof Byinh,| ased t1af @Fper SHiEMClAN § Of
t he magnef Q- esi si%nce effect _device 15. As illustrated in FIG 6, the
magnet o- r SEFIENESH O 34 Mo A gagy beloveen the lowepanderppet shiclded? makd 1% ghenis)1
sensiti zi ; he field.radi ated om a recording nmedium and end
r egi-ons Zézlaélg%gg\n&g |tr|]1:lge IPﬁgn%té?‘lf‘?%ﬂraf@gi‘{)W 52t egnal kn@iddéan. The end regions
22 provide a bi aspyidg rent _to.the central region 21. The central
region 21 has a nullf(%fd@é‘%g‘%é’gs gté?ﬂ‘g"ttﬁrree" el repistance ffact Heyieadbal | v
call ed spAmiliastysredlHeRIG, GG Hihsab: CidoRl1eh 6911421 is. compri sed
! : doyresfspn er&{ﬁ‘erc@ de*zflrcgf]]%n gip a

of a nulti-layered structure in ich anu yrng %cﬁmrﬁ?
cel}tral region 21 sensitizing a magnetic field radiated from a recording medium,
and 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
thickness 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



t hi ckness of 3 urn, a PtMh filmhaving a thickness of 20 nm a CoFe film"
having a thickness of 2 mm a Cu filmhaving a thickness of 23 Apmi3004 CoFe
filmhaving a thickness of 0.5 urn, a NiFe film having a thickness of 2
nm and a Zr filmhaving a thickness of 3 nmare |ayered one on another in
this order viewed fromthe |lower shield 12. The central region 21 has a

wi dth of de3dihamaninettiateff nesomling didtapfusing phe dusidi0shiedE ki3 Féczb 1§ket-he
end regions 22 has a nulti-layered structure including a CoPt film acting
as a per mehd&RetiRMEt film and having a thickness of 20 urn, and an Au

filmacting as angﬁl e@rod filmand having a thickness of 50 urn. As
menti oned above, /) head sscomprienl of atmegnetineay. 1aHerth&d 9n2theApppér

2004 head u Lon of recordi.ng.data, using_ the upper shield 13 as a
| ower nagsﬁge?(ligi%oipg‘%sg%n'%aﬁ%%tﬂic 3 BFPﬁ'rﬂg@rrB?d Hnnblymanagnedipgdp Feorared

on the upp =} : i -maghetic. Lhsul ator 17 faormed on the

magnet i ¢ gg{)oni%@ Ighgasgé:gégﬁ n%%jr’?-ﬁr)rrag%gqrﬂ&f% tﬁ%ﬁﬁ?t Hep-pisnedicdnsilaor 1 s

non- magnepleralitg W asidy 18 £ | f coils 18.forned jn the second

non- magne?i cai ngul at or 19?rng?1%maﬁﬁf%oéﬁé¥d%ﬁgéﬁggﬁ %tlf;)gllseulg%’rf]Iocjr:I FhiePehg

the magnetlagnpde Adle 20énfuéd coRfHingBEoGhhenetio Zab2 O thb! fidlInb A%, SECIRT
e

non- magnetic insulator 19 therewith. The upper sh 'S conpos

82- per mal Fesplatord T ared the secopdNiorFmagmeto¢hidatdd 10 flseRgipn 82- per mal | oy
and fabricated by, the apparatus illustrated in FIG 1. The magnetic gap 16
formed on the uppthe &pper ghield 13 ie opmpoosall of 82-pbrimitay, eindathenhin OONE IR
(A1203) ap( %gicﬁ‘}t hf?ckn SS g% 0.18. u m The first non-magnetic insul ator
17 forned aBzov B pPped anpepgraglogiand faheicatagher the gppartdubdlugrated
sandwi cheg, #f@r gbet ween defines a zero throat height. The first :
non- magneti c 1nsulator 17 is conposed of photoresist. Each of the coils 18

is conprised of ark®RRIndHALSH 18 'EPmaN 0! Phe upper shield 13 is composed of
algmina or aluminum oxide (Al,0Q,) 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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rically insulated from surroundings by the second non-nmagneti c
?lngﬁlt at or 1%. The second non-magnetic insulator 19 is conposedApfi 2004
photoresist. The upper magnetic pole 20 covers the. second non-nagnetic
i nsul ator 19 therewith, and is exposed to ABS facing a recording medi um
The upper magnetic pole 20 is conprised of a 82-permalloy film20a formned
by sputtering as AReuiperishiald 13eayret theavpper mragnetic poleol® w20b fAloyiead sy
the 82-pernmallo ili | m 20a. The nlggnet_lc ole 20b i s composed of the_t_hl n
Co-Ni - Fe™agisetiitheanparaiap: illigtiaded i dligh 1t hThelaring sslutidnsisatesiziod
FIG 1 an havi turation netization (Bs) of 2T. The upper nagnetic
pol e has go hﬁﬁ?éﬁﬁé@@wgfw@s Oer ei nbel owI i s expl ai n;aq a rrFt hogngfthe '
icating the u shield 13 in ..a | ower magnetic pol e,
ngrer magngtic po?gg%. 10 23 Apr(ﬁﬁéﬂzﬁlgﬁﬁ%r’upper shield 13 and the upper
magneti c pole 20 N@s@4fabri cat ed (. Oﬂ?’gﬁe{ff the apparatus illustrated in
FIG 1. The plating solution was desl gine o have the foll ow ng

s ‘ X . : 92
conposition: CoSQIH,BISO4 NHACL o H5BEP 1854 Sodium lauric acid 0.0
m)In})Iiter; 0. 20 m)l4/Iiter; 0.28 nol/liter; 0.40 nol/liter; 0.016

nol /1iter; and 0.HgB05 nol/1iter 0.4hmoplAitéNg sol ution was pooled in the
plating bath 1, slg‘éééfd for 15 0.016 mol,liter; and |
Sodium lauric acid 0.00035 mol liter.
The plating solution was pooled in the plating bath 1, stirred for 15
hours or longer, and then, cooled down to 15 degrees centigrade by means of the
‘cooler 2. Thereafter, 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
for.med 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



r longer, and then, cooled down to 15 degrees centigrade by neans of
ngrscgm er g Thereafter, the plating solution was circuited2Bprihg004
plating bath. Then, a Co-Ni-Fe filmwas forned on a substrate by panI e
process. The thus formed Co-Ni-Fe filmhad a conposition as follows: Co:
65 weight % N : i.é) ight % and Fe: 23 weight % The Co-N-Fe filmhad a
specific resistan Sﬁiof 20 i cm 0-PA8meocleblited; be fabricated a nagnetic

menory devi ce hav recordi ng ensi ty of .about 10 gi gabit/square inc
or grgat er, by usmgqa:he above- mePr pdﬁ‘é]dyh’%'rrpl ex magnetic head, having the

[ [ [ f e af ,.3500 OCe or greater, and setting
:r:;g(ra?: (r:]ggggdlbg[nvveﬂﬁ‘*@hgoségg\r/gi n@ﬁgré'ﬂ&ﬂ/nﬁgﬁﬁ‘d t he magnet i cdhefad, equ?! to
35 urn. [Third E jrent] In th [ odi ment, a reproducing section
and a reE:or di ng g‘g@gpgﬁ of a mg‘%gpi”@&r{gﬁe‘are fabricated. The upper

shield 13 and thekrggpgr magnetic (BosenAY lifarl hgqmagnetic head were
fabricated through tﬁg apparatus illustrated in FIG 1. The plating

sol ution was desi §odihm datniv acidhen,0003®WNY 1ReEPOSI tion. 11 23 April 2004
CoSO4 N SO4 NH4C1 H3BOs FeSO4 Sodiumlauric acid 0.092 nol/liter;
0.20 nol/liter; ®hesonditidustfer 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
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0.40 nol/liter; 0.016 nol/liter; and 0.00035 nel/liter. The conditions for
plating were determined as follows. Current density 20.0 mV£h2pEKE0947 The
pl ati ng sol uti on having the above-nenti oned conposition was pooled in the
plating bath 1, stirred for 15 hours or longer, and then, circuited in the
plating bath. Thep, a Co-Ni-Fe filmwas formed on a substrate by paddle
process afagnediniiin seing bigh safgration magnaivatiden St insofnde0 i tHM-§HEe of

Ther eafter fil nneal ed at a tenperature in the range of 100 to
250 degr &?Qbaé*nﬁ? 9‘499“&5’@% Rt inelighre, (P veidhin omagdetinefiln lav@ng Noige

magneti c j . The t hus fornmed -Ni - Fe magnetic filmhad a_conposition as
fol | ows: S%Eﬁl%?l-‘m%aéﬂ?a%m ?‘nigg%ﬁfﬂggtqutelaﬁfdcs@b%bmn@d}t % The
.Co-Ni-Fe filmhad a specific.resistance p of 20 [err] cm By using the
magnetic head in accordance-with the third enbodinent, it was possible to
have the recording nmedi um had a coercive force of 3500 Ce or greater, and
set the magnetic gap between the recording nmedium and the nagnetic head,
equal to 35 nm As a result, a magnetic nmenory device having a recording:
density of about 10 gigabit/square inch or greater was obtained. The
advant ages obtai ned by the aforenentioned present invention will be
descri bed hereinbelow. In accordance with the present invention,.it is
possible to provide a thin 12 23 April 2004 nmagnetic el m having high
saturation magnetization, for instance, in the range of 18000G to 23000G
both inclusive. Thus, a thin magnetic film having high
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saturation nagnetlzatlon and stable characteristics can be obtained. 13 23
April 2004 CLAIMG.: 1. A nethod of fabricating a thin magnet i3 fprfiA004
conposed of Co- Ni - Fe all oy, conprising the step of plating an object with
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

obj ect i sAAIMSpl ated. 2. The nethod as set forth in claim1, wherein said
object is plated at a current density of 15 mAcnR or greater. 3. The
method as set forth in claim1, further conprising the step of annealing
the plated object at a te erature in the range of 100 to 260 degrees
centi grade boi \imeihed; afef mcamne ardnhoniagnetaelﬁlmoedrhpcbsw%f?@m Fe aﬂby
wherein said plati solutl contains Co ions at 0.05 'to 0.4 ’
mol /1 t er “JBP S%%ﬁ??sﬂ% ofig a#laa@va@bJecmnﬂloplatmgmmutmm icomtaibirtghCo ions,

i ncl usi vey at 5.to 0, 05 I/I|ter both inclusive. 5 An
el ectrol yti Zﬂ{jﬁ EI? r% 1885@?‘3&{11?35‘?18!‘3 spLipqn )I bajng kept at 2Rgteerees ¢aritigrade
conposed &flo%rwblzﬁ?sﬁdl ect.(ig'y%“ Sl%ﬂ da plating bath (1) containing

pl ating sol uti I ning Ni ions and Fe ions; and a

conditioner (2) which keeps said platlng solution (L) at 20 degrees
centigrade or lower while plating is being carried out. 6. An electrolytic

pl ating appar%t’ﬂhe fmetHodbas gat ife@hain BiaPm" OG8RIk &inf

Co-N -Fe all oy nghl sing: a plating bath ’?1) c%ﬁt g%@ %Ig%ﬁlp&fs%tgéoqtu?i on

(L) cont aﬁ%i‘mf@ﬂ ef 1mA diem® argtesieri ons; 14 23 April 2004 a heat

exchanger (3) which keeps cooling nediumat a predeterm ned tenperature;
3. The method as set forth in claim 1, further comprising the step of

anneahng the plated object at a temperature in the range of 100 to 250 degrees

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 i tons, 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;
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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 tube23Aprilz0Pdnged
al ong an inner surface of said plating bath (1) and connected at one end
to sai d 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),a dmiad éxdhengd) ,(35aiBichl &bémg cbalife (hhd i i _(5),
sai d cool i ng nmedi um bei ng cool ed by said heat e%c%anggg ?g)éjé%rgag{ee:{ﬁigm? d

t hr ough sde@petdered) in said plating bath (1) to thereby keep said plating
solution (L) at 20 degrees centigrade or lower. 7. The electrolytic

pl ating appar & RSCEREIEEY) tegmaratily pbelimg Saidwilatimignsodadion (Lyhad(# 'in? said
conposed of1 E.eflor. . 8. 'She agcﬁﬁrat us_as set forth in claim5 or 6, further
conpri si nd A“BE P IHIIL) tyrsaith hralerchangen(Ing current at' 15 mV cn? or
greater. 15 Ziéﬂfﬁil )2 04 49 trgct Met.hod of Fabricating Thin Magnetic Film
and El ectrol yti¢ 15 %aa? DEsAR JR0es uriace; ofg said plaiomdiath (4)| ame
met hod andga t f LCat | a_thin etic filmconposed of

Cor i - Fo T oeited dSohelenC ER OB Raliinker ddocuichat dbeoier st togaid

obj ect wi trbsariveiri(8Y 50l uti on containing Co ions, Ni ions and Fe ions. The
plating solution is kept in a plating bath at 20 degrees centi grade or

lover whil e tieunbjfer feddinpeaittedliaigafedfthibin® #Rp path defined by said heat
exchanger (3), said tube (4), said plating bath (1) and said reservoir (B),
said cooling medium being cooled 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 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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