1- METHGD FOR MANUFACTURI NG THIN FI LM MAGNETI C HEAD TECHNI CAL FI ELD The

. present invention relates to a nethod for manufacturing a thin film
magneti ¢ head. BACKGROUND ART Thin fil mmgnetic heads with a magnetic
transducer formed on an indented portiont provided in one surface of a

| substrate, and nmethods for form ng such an indented portion already exist .
i in the prior art. Japanese Unexam ned Patent Publication (KOKAI) No.

193114/1985, for instance, dg/fﬁ,l.ﬁ poﬁeg)ﬁég‘;ﬁ%m;q%ﬁq(;an i ndent ed

portion through nmachining th enploys a panese Unexam ned

 Patent Publication (KOKAI) No.TgiiSFH 1P MMACNEFICS g Apt echnol ogy with

which, after a resist is appliedto a subsfa‘rate, ?he substrate is heated so
that the resist flows, then, using the resist as a mask, the substrate is
etched using ion beametching or with an etching solution that is a m xture

~of HF and [err] to forman indente TCAL rovi ding an i ndented
A ECHNIOA :’It:téELdIg

portion on one surface of a substrate, since pth of the indented

portion and the patternﬁﬁcurﬁ@geﬂparin%ﬁ%hl Y relbtele ¢har act ehétHddCs fef
the magnetic transducer to be formed on it, 1t is extrenely inportant to

assure that the daphQfscturbeg CANTKR |f8in aRthdredic tHadRattern of the
I ndented portion can be accurately defined wth high accuracy. It is also
cruci al that splashes, which BACKGROUND ART
Thin film magnetic heads with a magnetic transducer
formed on an indented portion provided in one surface of a
substrate, and methods for forming such an indented portion
already exist in the prior art. Japanese Unexamined Patent
Publication (KOKAI) No. 193114/1985, for instance, discloses
a means for forming an indented portion through machining
that employs a blade, and Japanese Unexamined Patent
Publication (KOKAI) No. 211311/1989, discloses a technology
with which, after a resist is applied to a substrate, the
substrate is heated so that the resist flows, then,.using the
resist as a mask , the substrate is etched using ion beam
etching or with an etching solution that is a mixture of HF
and HNO3; to form an indented portion. |
When providing an indented portion on one surface of
a substrate, since the depth of the indented portion and the
pattern accuracy bear directly on the characteristics of the
magnetic transducer to be formed on it, it is éxtremely
importanf to assure that the depth can be contrélled and that
the pattern of the indented portion can be accurately defined
with high accuracy.: It is':also ‘crucial that splashes, which

e
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2 may be generated fromthe substrate while the indented portion is being
- forned, are reliably prevented fromre-adhering, so that no reduction in
" the pattern accuracy due to re- adhering occurs. In addition, when one
i considers the aspect of industrial proddctivity, high etching rate in
. formation of the indented portion is essential. However, the prior art
" technol ogi es nentioned above do not sufficiently neet these requirenents.

. For inst , th ty, i i j t | '

(KGR o, 1031 T opE e aGE Rork? RO SABSRAR I eh8 ienfl? poitiert”
trol the depth;ofyihe, i d ' fé\g&m
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- Japanese Unexam nefaPahsteditittidit 3hl 9he (FioHD Aurddy3dhe 198R-aiHMng he

| patterning mask i's structured wth a resist, a pattern form defect can

easily occur. The $&aiia0! OBY @AdAtiBHSSORhENP! &Y eEBnkitdriatthes %ﬁeétheof'
I ndented portion is formed through ion beam etching, pattern accuracy tends

to be reduced, pahdasFriALPROIRCERASY ! aiight %t rite 119 fermatieni o8 ehe

also in that the etching rate is | ow. - DI SCLOSURE OF THE | NVENTI ON

indented portion is essential.

However, the prior art technologies mentioned above do
not sufficiently meet these requirements. For instance, the art
disclosed in Japanese Unexamined Patent Publication (KOKAI)
No. 193114/1985 employs machining with which it is difficult
to control the depth of the indented portion to the degree

of accuracy required for this type of technologf. As for the
technology disclosed in Japanese Unexamined Patent Publication
i ( KOKAI) No. 211311/1989, since the patterning mask is
structured with a resist, a pattern ‘form defect can easily
occur. The technology also presents problems in that, since the
indented portion is formed through ion beam etching, pattern
accuracy tends to be red_uced, pattern form defects tend to
occur due to re-adhering and also in that the etching rate is

low.
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It is an object of the present invention to provide a nmethod for

manuf dhis Shéetigas BednlHepladeli | M Magnetic head with which the depth of the

i ndente 1 ich the magnetic transducer is provided can be
reliabl WIEEI mt is a further obj%ect of the present invention to
provi de a e manufacturing a thin filmmagnetic head that nmakes it
possible to define the pattern of the indented portion with a high degree
of accuracy. It is a still funs et ( ARyention to
provi de a nmethod for manufact Prl?’%@q{ﬁlﬁn(ﬁﬁnﬁ%gﬁg‘f?@w@% whi ch ensures
Sthat no reduction |n Pap 66N aAC GHIGRY ofUeht OphesedtNHil88HBAC HES prbYide &
~still further object of the present invention to provide a nethod for

manuf acturing a thithdd | FarTeex lfﬁcﬁﬁ‘?ﬁ%t hat 1Y GRS hagHeticl Mead with
afirs

productivity. In accordance wt aspect of the present iInvention

there is di scl oseghieh™h&0derth GRNEHAGhEENTRE Eoi'ﬁbﬁ bh! WHiBNEd nAgaétic
. having a magnetic transducer or a conponent thereof positioned at |east
~partially within apahsdesdredspprovidedf 2hi ot eeligblyoneomteollede of a

"~ substrate, said nethod conprising the steps of: (a) appl ying a netal
~filmto said one surfach ofs sai dugtthat r 6bject Safd iRl aprdsent Haveativa t €6 ned
" to expose said one surface, the configuration of the exposed portion(s) of
sai d one surface grekids rPnAktibd ot hmaswifactgirimg i antldh $Hhd maghetio healdt he
i nt ended configuration of said indented portion; (b) subsequent to step
(a), immersing saitthatubsdlitest 4t i poswiblket ¢bi definel the opatternelbécthe eindented
said one surface in accordance with said pattern configuration and thereby
form sai d i ndent ecoqrtidn owithi tdh kimhd degret ©of | acamraaw. et chi ng mask; (c)
subsequent to step (b), renoving said nmask; and (d) subsequent to step
(c), formng a magneti cH lig pestithifuethery @bjett lofathe ppresenit! ynviention tai d

i ndented portion, said magnetically pernmeable |ayer conprising a: |east a
part of sai d magngmovide angueihwed dor snavufaptpoimena thin ddkm magnetic head

which ensures that no reduction in pattern accuracy due to
re-adhering occurs.

It is a still further object of the present invention to
provide a method for manufacturing a thin film magnetic head
that advances industrial productivity.

In order fo achieve the objects described above, in
manufacturing a thin film magnetic head with a magnetic
transducer or a component thereof formed on an indented
portion which is provided in one surface of a substrate, the
present invention comprises the first and second processes
described below..

In the first process, after applying a metal film on to
a surface of the substrate, the metal film is patterned in such
a manner that-the surface of the substrate will be exposed
in a pattern corresponding to the pattern of the required

indented portion.



accordance with a second aspect of the present invention there is

d| scI (TQ el ‘i'ragnetlc head fabricated in accordance with the above
| met hod. film which is patterned in such a manner that the
surface ate will be exposed in a pattern corresponding to the

pattern of the requlred I ndented portion after applying it to the surface
- of the substrate in the first process, is used as a nask, conpared to the

i prior art technol ogy, | u eS| n ' th

i ndented portion can b\eﬁdgpe §§ﬁ“ﬂ% ﬁbﬁés’ﬁﬁﬂlgfelgrfee 01§ g%%ufrigéct;%lpﬁeés’ ©

_addition, becausefﬂ tﬁﬂ? %‘sh&supfant Recr®aksofition deser WiRdegfove,
nation e In

- the depth and inc nted portion can be controlled over a

- wide range whil e gRbNE@bStrafe asé%&bvéiggreﬁdothecm&eamd poriient i forhied n
of the indented portion 1s forned t hrough wet etching using an

etchant, unlike pght ¢hps sypfamd Mridie0sulistratec With, thec|metalg fin keam

| etching, no.reduction in pattern accuracy due to re- adhering occurs.
. Furthernore, singgdihe pattern of the indented portion is fornmed through
wet etching using an etchant, the etching rate is higher by a factor of 10

or nore than that -of drSingkchinn@hei sedomdi gotess, behen subsdtraig i$ ninanhersedn,
this nmakes batch production and the |ike possible, and industri al

| productivity is gigakahyetdhingvedlutiizi BhabEGGRI BaleCtively TétehDRARY sidsstTats e
~and ot her advantages, features and objects of the
but not the metal film that has been created in the first
process, and an indented portion is formed in the surface of
the substrate using the metal filﬁl as a mask, the depth and
inclination of the indented portion where the magnetic
transducer or a component thereof, i.e., a read portion, or
a pattern for preventing electrostatic breakdown are located,
can be reliably controlled by controlling the temperature,
composition and the like of the etching solution. |
Since the metal film, which is pattermed in such a

manner that the surface of the substrate will be exposed in
a pattern ccrresponding to the pattern of the required indented
portion after applying it to the surface of the substrate in
the first process, is used as a mask, compared to the prior
art technology, which uses a resist pattern mask, the pattern
of the indented portion can be defined with a higher degree
of accuracy. In addition', because of the characteristics of the
metal film described above, the depth and inclination of the
indented portion can be controlled over a wide range while
maintaining a high degree of accuracy.

Since the pattern of the indented portion is formed



present invention will be understood by those of ordinary skill in the art

- referring to the annexed drawi ngs, given purely by way of non - limtative
exanple, in which; FIG 1 illustrates a_nmanufacturing process for a thin

fil mmagnetic head according to the preéent invention; FIG 2 illustrates a

manuf acturi ng process that follows the manufacturing process in FIG 1;

FIG 3 illustrates a nmanufacturing process that follows the nmanufacturing

. process in FIG Zhrdugh Wet! étehifi@t Sing #) Wiokant, Rehlike cositeins tforflddows
- the manufacturing process in FIG 3; FIG 5 illustrates a manufacturing

. process that foll ghfogdle danetelsing; | tlodiagedon i bedrhGetching] Gho 6reduction
illustrates a manufacturing process that follows the manufacturing process

in FIG 5; 6 Flif. patidrhusiccatary adumnie’ aetadheging ocmessst hat fol | ows t he
. manufacturing process in FIG 6; FIG 8 illustrates a manufacturing process
' that follows the nmanuf aurthermarepcsinsei thé-Igattern FOIGC the ihdestedatpeation
' manuf acturing process that follows the nmanufacturing process in FIG 8;
. FIG 10 illustratés formedifthroughnwepr etobdngt baing cdn cetehang, miheufedching ng
process in FIG 9; and FIG 11 shows the relationship between the solution
rate is higher by a factor of 10 or more than that of dry
etching, including ion beam etching.
In addition, this makes batch production and the like

possible, and industrial productivity is greatly improved.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other advantages, features and objects of the
present invention will be understood by those of ordinary skill
in the art referring to the annexed drawings, given: purely by
way of non — limitative example, in which ;
FIG. 1 illustrates a manufacturing process for a thin
film magnetic head according . to the present invention;
FIG. 2 illustrates a manufacturing process that follows
the manufacturing process in FIG. 1;
FIG. 3 illustrates a manufacturing process that follows
the manufacturing process in FIG. 2; |
FIG. 4 illustrates é manufacturing process that follows
the manufacturing process in FIG. 3;
FIG. 5 illustrates a manufactur_ing process that follows
. the manufacturing process in FIG. 4;
FIG. 6 illustrates a manufacturing process that follows

the manufacturing process in FIG. 5;



tenperature and the etching rate. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
FIGS. 1 to 10 sequentially illustrate the manufacturing processes for a
thin fil mnmagnetic head according to the present invention. In order to

- manufacture a thin filmmagnetic head w%h a nagnetic transducer forned on

an indented portion which is provided in one surface of a substrate, the

- method includes a first process and a second process. The indented portion
- may be provided not excFIGi Vel flustrdtes oanatahfatiginBopeseasst thas dotiws

- itself but to accommpdate, for instance, the read portion thereof or a

- pattern for prevethengnanefictatingt iprobessaKAoWIG.Tiee first process is

i illustrated in FIGS. 1 to 6 and includes a step in which, after applying a
' metal filmon to a surfEIG o ilhsteatest aatrmnufheturdhgl processi shatitfodtloves i n
* such a manner that the surface of the substrate will be exposed in a

pattern correspondhegmanufaetpringeprooéss Ha dGui 7ed | ndent ed porti on.

“First, a 7 substrate 1 is prepared, as shown in FIG 1. The surface

| ayer 11 of the substrafFi.l 9 sillusteaties uaethasfufactwtingl proesssdshatrfolioowvs
material such as, [err] or [err]. The substrate 1 will normally be a wafer
and have a struct the mamsfachuring notesse inaydk. 18 mentioned earlier is

| am nated on a base body 12, constituted of Al 203 -TiC. The surface | ayer

' 11 has a film thicknessFEF, Yorillugtades @ mapufacturing process that follows

the manufacturing process in FIG. 9; and
FIG. 11 shows the relationship between the solution

temperature and the etching rate.

BEST MODE FOR CARRYING OUT THE INVENTION

FIGS. 1 to 10 sequentially illustrate the manufacturing
processes for a thin film magnetic head according to the
present invention. In order to manufacture a thin film
magnetic head with a magnetic transducer formed on an
indented portion which is provided in one surface of a
substrate, the method includes a first process and a second
process. The indented portion may .be provided not exclusively
to accommodate the magnetic transducer itself but to
accommodate, for instance, the read portion thereof or a
pattern for prever;ting electrostatic breakdown. The first process
is illustrated 1n FIGS. 1 to 6 and includes a step in which,
after applying a metal film on to a surface of the substrate,
the metal film is pattemed' in such a manner that the surface
of the substrate will be exposed in a pattern corresponding

to the pattern of the required indented portion. First, a



to 20 [err]m Next, as shown in FIG 2, a netal film2 i.s adhered on to a

- surface of the surface layer 11 of the substrate 1. The netal film2 may be
constituted of, for. instance, titaniumor a permalloy. Such a netal film2
can be fornmed by sputtering, deposition’ plating or by a combination of

- these nethods. If plating is used the nmethod does not have to be limted to
. electroplating but electroless plating my be used. Then, as shown in FIG

' 3, a phot osensi tdyRtF AR &t id 'ﬂrﬂb§re‘d’5 adsHAfn t i HIG. sqrfawe hirfabe Biez|

gfllm2 The resist film3 may be ei ther the negative or positive type and a

~wide variety of phot gfendie | #fbdtpateS!P @ tbAsinewd a6f ERYmbBEallisebxidee
;. adhering process can be carried out by using the spincoat nethod or the

| like. Next, throsghnficoheiteridlt baghaady ALOOgser Si@,resist film3 is
| exposed and devel oped to forma pattern 4 which corresponds to the required

. pattern of the indent edhorsubstrates 1skwilin riornidls Be ahevafer ahndi haveg as
+ exposed on the inside 8 of the pattern 4. Then, as shown in FIG 5, the
metal film 2 insislgucherednt avhich, thei shrfaceeiayasdd bpentiengowveskesiisi ve
resist film3, is etched along the pattern 4 and, with this, a pattern
: laminated on a base body 12, constituted of Al, 03 -TiC. The
surface layer 11 has a film thickness of, for instance, 5um
to 20 zm.
Next, as shown in FIG. 2, a metal film 2 is adhered
on to a surface of the surface layer 11 of the substrate 1.
The metal film 2 may be constituted of, for instance,
titanium or a permalloy. Such a metal film 2 can be formed
by sputtering, deposition, plating or by a combination of
these methods. If plating is used; the method does not have
to be limited to electroplating b1:1t _efectroless plating may be
used.
Then, as shown in FIG. 3, a photosensitive resist film
3 is adhered to the surface of the metal film 2. The resist
_film 8 may be either the negative or positive type and a wide
variety Qf "photos.ensitive resists of the known art may be
used.
The adhering process can be carried out by using the
spincoat method or the like.
Next, through a photo lithography process, the resist
film 3 is exposeél and developed to form a pattern 4 which

corresponds to the required pattern of the indented portion, as

shown in FIG. 4. The metal film 2 is exposed on- the inside



5 for exposing the surface of the substrate 1 is forned. The netal film2
can be patterned either through dry etching, such as ion beam etching or

t hrough wet etching, with a chemcal etchant. It is desirable to perform
wet etching if the advantage of high etéhing rate is required. After this,
by using a solvent which suits the sel ected photosensitive resist film3,

t he photosensitive resist film3 is renoved, as shown in FIG 6. The second
process, which is el t ig FIGS. 7 to 10, includes a step in which,
foll owi ng the firé# Ey%cggggg%sgfibed above, the substrate 1 is inmersed in

an etchant that sel ectiTﬁgﬂ S%C%%“&pliﬁ FTG Sﬁ,gsttsl{]e??lget%l ?ﬁh Ehﬁt Séa{hé‘i | m

2, thereby fornming an indent portion 6 int ce of the s trate 1.

In other words, apaghewn 4, n]y&ﬁ&l ¥ _ehER;s%HbBSr&%hé éhof&y'eﬁgiti% We@i@tdﬁﬂrﬂ"’i th

the pattern 5 by the netal film2, is inmerséed in an etchant 7, whic

sel ectively etcheg the stneld #lléng WE paltermes BhA|] Wit his]NaS pattern _

I mrersion, with the netal film2 acting as a nask, forns the indented

portion 6, whi chscgsf oskBodifigt Re PSGtfac® &f theestbsirate of id M rhipde Ntk

portion 6 may be, for instance, several [err] m The etchant 7 may be
ei ther an alkali aqhet) #ilhil. 2TBgnebehpattefnelli efthe? $Hréeght drivhetshidggce

| ayer 11 of the substrate 1 where the indented portion 6 Is 9 to be

formed, which i ssueh @gsdbhbdstagar bteiingc wrstthroughth oiett etching, with a
chemical etchant. It is desifable to pefform wet etching if the

-advantage of high etching rate is required.
After this, by using a solvent which suits the selected
photosensitive resist film 3, the photosensitive resist film 3

is removed, as shown in FIG. 6.
The second process, which is illustrated in FIGS. 7 to
10, includes a step in which, following the first process
described above, the substrate 1 is immersed in an etchant
that .selectively etches only the substrate 1, not the metal film
2, thereby forming an indented portion 6 in the surface of
the substrate 1. In other words, as shown in FIG. 7, the
substrate 1, which is provided with the pattern 5 by the metal
film 2, is immersed in an etchant 7, which selectively etches
the substrate 1 and not the metal film 2. This immersion,
with the metal film 2 acting as a mask, forms the indented
portion 6, which cohforms to the pattern 5.

The depth d of the indented portion 6 may be, for
instance, several ym. The etchant 7 may be either an alkali

or an acid. The etchant 7 which is suited to the surface

layer 11 of the substrate 1 where the indented portion 6 is



nmetallic oxide ceramc material such as [err] or [err], may be a Ca(OH)2
solution, a KOH solution, and NaOH solution or the like. Since, in the
second process, the substrate 1 is inmersed in the etchant 7, which

sel ectively etches only the substrate 1%nd not the netal film2 that was
provided in the first process, to formthe indented portion 6 in the
surface of the substrate 1 by using the netal film2 as a nmask, the depth d

of the indent ed porbé ORufndfiephidhe i 1%glggta'te§cﬁb@aseafﬁér,i Sohdtithtdd W ded

can be reliably contr y contro e tenperature, the conposition

and the like of tRheaigdankids cBbdmicl mahais sheh %Ea%:lloﬂfah!d}h@t?%‘é‘?eﬁa‘?yhe

solution tenperature and the etching rate when a sol ut 1N wi t

conposi tion descrigged € ORI SolutRM, 28 KOHEL6hAMN - akd RoOH LdolekRA | ¥

shows, the etching rate i hcr eses as the sol ution t enperature increases.
Therefore, by conprolkhsngkiehe tenperature of the solution, the etching
depth per unit tine can be controlled. Thus, by controlling the duration of

etching, the quantity dfinebchiing €he Becendt rmidcess, Fuhehesuibsteatesi riceid he
nmetal filmz2 is patterned in such a manner that the surface of the

substrate 1 w | ilpenerspdsén the aetiechnher N, cwhicls pseldctigelyp étehepadhby ntlad
- the required indented portion after adhering the netal filmto one surface
of the substrate substitdte fli and picic¢he, nidtel pﬁlmetz_n that was provided in
the first process, to form the indented portion 6 in thé surface
of the substrate 1 by using the metal film 2 as a mask, the
depth _d of the indented portion 6 where the magnetic
transducer is to be provided can be reliably controlled by
controlling the temperature, the composition énd _the like of
the etchant 7.

FIG. 11 shows the relationship between - the solution
temperature and :the etching rate when a solution with the
composition described earlier is used as the etchant 7. As FIG.

11 clearly showsl, the etching rate increases as the solution
temperature increases.

Therefore, by controlling the temperature of the
solution, the etching depth per unit time can be controlled.
Thus, by controlling the duration of étching, the quantity of

etching can be controlled.

Furthermore, since the metal film 2 is patterned in
such a manner that the surface of the substrate 1 will be
exposed in a pattern corresponding to the pattern of the
required indented portion after adhering the metal film to one

surface of the substrate 1 in the first process, the pattern



10 of the required indented portion 6 can be defined with a higher degree
of accuracy than can be achieved with the prior art technol ogy, which uses
a resist pattern mask. This is because, when the netal film2 is used, the
reduction of the pattern accuracy whichioccurs during the wet etching
process can be checked, conpared to a case in which a resist mask is used.
In addition, because of the characteristics of the netal film 2 described

22‘3;“?@ TES :ﬁﬁﬁ oefornb ot odepbdtt AN C6 PO L3R ﬁ%ﬁéfﬁr?ecﬁeg@mi & 6
t 7 f

!tf]roggr;hnedry (ra?gglﬂﬁ%ﬁ mc?%%gg iag;gu%%:}m% ?Hﬁ%i% bﬁgg‘#ﬂég |on I n pa g@ﬂ

accuracy due to et d gl,tex.[&](g%ggcc a}?ic]fl':‘ﬁrs%g'eﬁr@éﬁsttBﬁtﬁ&‘ﬁh'rﬁgﬁﬁat Thhé'l et

et chi ng whi ch uses an s east ten tinmes greater an in dry

etching, such asﬁb@@%awéﬁm}{wmé afifn' 20l &80 RGN DL RSH BPtﬂJfby

production and t possi trial productivity is great

i nproved. The inc Oﬁc%xhéc@e WHiCR' Bééul%' %rﬁ&%fﬁfeev@ét @tching ipréesdsd

portion 6 formed rough etching as described earTier, should be set within

the range of 5 [eghh e BHetlesd,] ,coai@éx%aa%ya%aéé Mnt RehicANGE rebistShedsk to

75[err] in order to obtain desirable magnetic circuit characteristics when
adhering a pOfthfiSOfusé&e ![&‘igﬁﬁﬂit(ioﬁorBe&iuéeh%mﬁﬂﬂéetdlfarhéﬁﬁﬁsh'@@rof tHde

indented portion 6. Wwen forming a |ower magnetic filmwth
metal film 2 described above, the depth and inclination of the
indented portion 6 can be controlled.
Moreover, since the pattern of the required indented
portion 6 is formed through wet etching with the etchant 7,
unlike patterns formed through dry etching, including ion
beam etching, no reduction in pattern accuracy due to re-
adhering occurs.
Furthermore, the etching rate in wet etching which
uses an etchant is at least ten times greater than in dry
etching, such as ion beam etching. In addition, this method
makes batch production and the like possible, and industrial
productivity is greatly improved..
The inclination of the internal side surface 61 of the
indented portion 6 formed through etching as described
earlier, should be set within the range of 5° to 90° ,
preferably within the range of 45° to 75‘5 in order to obtain
desirable magnetic circuit characteristics when adhering a
portion of the magnetic core of the magnetic transducer in the
indented portion 6. When forming a lower magnetic film with
a portion of the magnetic core inside the indented portion 6,



a portion of the magnetic core inside the indented portion 6, by

I nparting an angle to the internal side surface 61, the restriction of the
front end portion beconmes steep, which in turn reduces the | eak magnetic -
field while achieving a strong wite maginetic field. This nmakes high
density recording possible. The inclination range of 45[err] to 75[err]
nmentioned earlier is particularly desirable since this range reduces the

| eak magnet i c fiebog( 1,5411’5@‘1#%3. ah"Bnfhd 1 TANShi&eddeh oLt WunthS0 61,

facilitates patte ed portion ion canb

adj usted by cont g @%ﬁhgf el Bt 2bgq_TBPfonatkEbnidl® oFBR! Fhid 21ri5

renoved, as shown I N ower nmagne Im constitutes a

part of the MONghke £@NGel! chbeloARIBSbetic HSRISPhiLbS sl HioTRAE. B SPAHIE D

fromthe inside I'n nted port e sur ace of the

substrate 1 surroupdiag fhaenbiidetiad. pofhisonnﬁkeﬁs &deﬁsﬁbﬁre%or&ﬁié

as showmn in FIG 1 the magnetic transducer 9 Is forned on top of

| ower magnetic f yogglﬁﬂe Theh s tindRhSHi6n Ofad e dfedhet i 7F°anasbitfonddl le%rﬁér t he

known art. FIG ows an inductive type nmagnetic transducer as a

specific exanple, 1§h'15ai*tic‘ﬁlmw'd&%éhléhsﬁ1®aptﬂ1s| Faflke aedupes’ thegieil C
film92 which forns a pair with the |lower magnetic film8, a coil film93

and a coil |ayer pashé@E| fﬂblﬂ:,' rfbpﬂflegl ttheuokritet magneticn fidld fadr edsot he

present invention can be widely applied as a neans for form ng other
facilitates patterning in the inclined port1on The inclination

can be adjusted by controlling the etching rate.
Then, after the metal film 2 is removed, as shown in
FIG. 8, a lower magnetic film 8 that constitutes a part of
the magnetic core of the magnetic transducer is formed,
extending from the inside of the indented portion 6 through
the surface of the substrate 1 surrounding the indented portion
. 6, as shown in FIG. 9. Next, as shown in FIG. 10, the
magnetic transducer 9 is formed on top of the lower magnetic
film 8. The structure of the magnetic transducer 9 is of the
known art. FIG. 10 shows an inductive type magnetic
transducer as a specific example, which is provided with a gap
film 91, an upper magnetic film 92 which forms a pair with
the lower magnetic film 8, a coil film 93 and a coil layer
insulating film 94.
Although not shown in the figures, the present
invention can be widely applied as a means for forming other
indented portions for accommodating part of or the entirety
of a magnetic transducer.

As has been explained, according to the present



i ndented portions for accommodating part of or the entirety of a magnetic
transducer. As has been expl ai ned, according to the present 12
invention, the follow ng advantages are achieved: (a) A nethod for

manuf acturing a thin filmmagnetic head2whereby the depth of an indented
portion on which a magnetic transducer is provided can reliably controlled
is provided. (b) A method for manufacturing a thin filmmagnetic head that

nmakes it possiblg . fd glf ﬂﬁ{l NG r}gug%ﬁ%r“gggén{;?%g efdl LHedidvedent ed portion

wi th a high degree accuracy I's pr A nmet hod for manufacturing

a thin filmmagnetic heaf Ahafici®au'tes hﬂﬁiufﬁ@tﬁﬁﬁg(?ta' hih N et t@Bgnetic
accuracy due to re-adheri'ng occurs i's provided A net hod for

manufacturing a hoid Wﬂc?%lﬁg'%ﬁé' de ﬁﬁdof hah asdaiteds pordiv reml which a

productivity is provide A et hod of manufacturing a
thin film magnet qfpheat he;vaﬁm@eﬁaqsetm@vﬁd@s@merraiamcoommmedt hiar eof

positioned at |least partially within an
provided.

(b) A method for manufacturing a thin film magnetic
head that makes it possible to define the pattern of the
required indented portion with a high degree of accuracy is
provided.

(c) A method for manufacturing a thin film magnetic

head that ensures that no reduction in pattern accuracy due
to re-adhering occurs is provided.

(d) A method for manufacturing a thin film magnetic

head that advances industrial productivity is provided.
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I ndent ed. grtion fabricated on one surface of a substrate, sai d method ———
conpri si a5 plaged ( g) applying a metal filmto sﬂ"[’ﬂ?ﬂ” f

of said H ﬂ d nmetal filmbeing patterned to expost ci m”ﬂ'm’”
surface, tion of the expos®d portion(s) of said one surface «
corresponding to the configuration of said pattern and the intended
~configuration of said indented portion; (b) subsequent to step (a),

immrersing said substrate in an etchi ng ?ﬁM@i on to selectively etch said
one surface in accordance with said paP ern configuration and thereby form

sai d indented portion wth SRbfhd®t fg&. finbfuesc l}ix%CQi RiNesHin (Sagnetic

subsequent to step (b), renoving sald mask, and ( subsequent to step

(c), forming a nagast Lagh! 4 REAERAR CrlA¥aNcat &P28t cORIIOMRNLY thbkddin opal d

i ndented portion, said nagnetically perneable |ayer conprising at |east a

part of said NMagaRt iRAEAEIE Wysrdior ! pRcvideOMROBAB! sUPRIROof & substfal,
method as clained in claim1 wherein at | east one internal side surface of

sai d indented poghafittefisb@veh | fitht $aid methed nebimgatists :clained in claim2
wherein said bevelled internal side surface is inclined to the base of said

~indented portion by an 4 nfirdth@roesssaig! which | rafted| £r metab f90h eiy Jappliddr m
sai d bevel. 4. The nethod as clained in claim3 wherein said

i nclination angl et stii¢ atiréaderof] shid Substrdte, Ssaid méiad fikhhdsl pattetmedred
in any one of clains 2-4 wherein said magnetically perneable | ayer follows

sai d bevel to thefgbsucteducmanmgnethat Iseikagarfaceofs sail nagretrate twhduhicer
or said conponent thereof. 6. The nmethod as clainmed in claim5 wherein

sai d magnetic traesgposed im an pattierat i carrespendingnmetat thev i pattermagiiesaid
core, a coil filmand a gap filmw th a portion of said nagnetic core
conprising said imderttedc gidryioper mmdbl e | ayer .
a second process that follows said first process, in
which said substrate is immersed in an etching solution that
é_tches said. substrate selectively, and said indented portion is
formed in said surface of said substrate with said metal film
as a mask.
2. A method for manufacturing a thin film magnetic
head according to claim 1 wherein;
said substrate is constituted of a metallic oxide ceramic
material.
3. A method for manufacturing a thin film magnetic
head according to claim 1 wherein; _
said metal film is patte_med through chemical etching.
4. A method for manufacturing .a thin film magnetic
head according to claim 1 wherein;
the internal side surface of said indented portion is a

bevelled . surface with an inclination of 5° to 90° .

5. A method for manufacturing a thin film magnetic
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7. Ther thod as claimed in any one of claims 1-6 V\/ner _
substrate @ ﬁ §em ;&JI I c oxide ceramic material . Jﬂ r'ﬂ' ﬂl

claimed in nsald nmetal lic oxide ceramc rrat

or silicon The met hod as clainmed in any one of clalms 1-8
wherein said net aI | attern configuration is determ ned by chem cal

et ching. 10. The nmethod as clained in one of clains 1-9, wherein

said etching solution of step (b) is selected fromthe group consisting of
cal ci um hydr oxi de sol ution, potassium hydroxi de solution and sodi um

hydr oxi de sol ution. 11. A thin filmmgnetic head fabricated in

" accordance with any one of clains 1-10.

head according to claim 1 wherein;

said magnetic transducer is an inductive type element that includes a magnetic
core, a coil film and a gap film with a portion of said magnetic core adhering to the
inside of said indented portion.

6. A method for manufacturing a thin film magnetic head, the method

being substantially as hereinbefore described with reference to the accompany

drawings.

7. A thin film magnetic head manufactured according to the method of
any preceding claim.

8. A thin film magnetic head substantially as hereinbefore described with

reference to Figure 10 of the accompanying drawings.



