THI N FI LM MAGNETI C HEAD AND METHOD OF MANUFACTURI NG THE

SAVE - Background of the Invention Field of the

| hvent i on : The present invention relates Rin fifm
magneti c head conprising a substrate made of an 5 éi%dﬁﬂ?é%?rv'énsulating
and non-magnetic material, and " * ‘an inductive magneti c convert¥ng

el enment i ncl udi ng flrst and second- hngnetlc films e %ZV|ng pole
portions provided in the vicinity of an air bearing uOf ce and being
magnetically coupled at portions 10 renote fromthe air bearing surface, a
gap film arranged between the first and second nmagnetic filns - at

| east at the pole portions, and a thin filmcoil having a portion,
provi ded between said first and second magnetic filnms. 15 . The
present invention also relates to an inverted hybrid or conposed type
thin filmmagnetic head, in which an inductive magnetic recording: -
el enent is provided on a substrate and a magnetoresistive r eadi ng

el enent is arranged on the nductlve recordlng 20 el enent . Rel at ed
Art Statenent d 2 ‘ agiet i ¢ head i ncl udi ng

a i nductive recording el D 0 & H&ﬁf AME

Backaroun h nvention
iel £ ntion

The present invention relates to a thin film

magnetic head comprising a substrate made of an
5 electrically insulating and non-magnetic material, and

an inductive magnetic converting element including
first and second magnetic films each having pole
portions provided in the vicinity of an air bearing
surface and being magnetically coupled at portions

10 remote from the air bearing surface, a gap film
arranged between the first and second magnetic films
at least at the pole portions, and a thin film coil
having a portion provided between said first and
second magnetic films.

15 The present invention also relates to an
inverted hybrid or composed type thin film magnetic
head, in which an inductive magnetic recording element
is provided on a substrate and a magnetoresisgtive
reading element is arranged on the inductive recording

20 element.

‘ Related Art Statement

; o ' A hybrid type thin film magnetic head including

o a inductive recording element and a magnetoresistive



~2- readi ng el ement has been known from for instance

Japanese Patent Application Publication No. 59-35088 and U. S. Patent
No. 3,908,194. In this known thin filmmagnetic head, the
nagnet or esi stive readi ng 5 elenment is provided on a substrate and the

I nductive recording element is pravided on the magnetoresistive
readi ng el enent. However, this structure has various pr obl ens
particularly in a view point of the nmass production. Hereinafter, the
i nductive recording 10 elenent is sonetines called the inductive el enent
and the magnetoresistive reading elenent is often called the MR
el ement for the sake of sinplicity. In the known structure in
whi ch the inductj.ve elenent |s provided on the MR e|ement, the

previ ousl y fgaqﬁﬁﬂﬁ%&ﬁTﬁ%ﬁnﬁ@?e#@ﬁﬂn#ﬁQ?%nﬁﬁ%mteéofo HFtaReLess

steps for ma | [ : i .el e 2 Thi s cauys erious
decPease I n gﬁ%%%%ﬁﬁﬁéﬁ%%ﬁ% ﬂgﬂi&?éﬁﬁ§é:ﬁﬁ%}%ﬁﬁ ﬁ%ﬁuFQCtggrﬁéq%eﬂd of
the nmagneti cand U.head.pa®ént No. 3,b080MAAN. t O &1L oty PERENt YPE thin
film magneti ¢ head which can offer ‘a hi gh surface recording

density, it idloesiagaidteic chéadm the MRgelettordsbytve readiagt

magnet oresi stive (GWR), filmsuch as spin bulb film super lattice film

and granu? ar SLEMARY ndeeRrrided on aoswhetagitentanshi themipduotévest i ve
film Such . filmis liable t da ed by a thernal |,

t r eat ment du??ﬁgrﬁ}%ﬁ#@ﬁ%ﬁ )4 Pﬁ@"r"%@gﬁtqrbet e maé?@ﬁ@ﬁ?séﬁ&lé’r? out put
of the MR el pEBALngS JIRIGEL.  YHowever, this structure has various

problems particularly in a view point of the mass

production. Hereinafter, the inductive recording

10 element is sometimes called the inductive element and
the magnetoresistive reading element is often called
the MR element for the sake of simplicity.

In the known structure in which the inductive
element is provided on the MR element, the previously

15 manufactured MR element is subjected to all process
steps for manufacturing the inductive element. This
causes a serious decrease in characteristics,
reliability and manufacturing'yield of the magnetic
head.

20 In order to realize a hybrid type thin film
magnetic head which can offer a high surface recording
density, it is desirable to form the MR element by a
giant magnetoresistive (GMR) film such as spin bulb
film, super lattice film and granular film, instead of

25 a normal anisotropic magnetoresistive film. Such a
GMR film is liable to be damaged by a thermal
treatment during the formation of the inductive

element and an output of the MR element is reduced to



-3- a large extent. For instance, in a spin bulb film

|nclud|ng an alternate stack of magnetic |ayers of Ni- Fe and

non- magneti c | ayers of Cu, at a tenperature of about 200-250[err]C
which_is usually enployed for 5 manufacturing the inductive elenent, N
and Cu atons are mutually diffused fand the stacking structure of

the spin bulb filmis destroyed. An over-write property of the
i nductive el enent is largely dependent upon an apex angle of an coi

10 supporting and isolating insulating filmfor supporting the thin
filmcoil such that conductive turns thereof are isolated from each

ot her, and upon a throat height of the pole portion. Therefore, in

order to |npro e the s ab|I|t reliability and yield,. 15 it is very
i mportant totc ﬁFQSIe EBtsel °§aﬂ&%ﬁﬂ§@e' 1naﬁgF€1§n@“@ﬁ¥é§tIhelght

Particul arly;, r_1.o._i t nufacturl leld of the thin
filmmagneti c 1':1 giﬂ& ah l% %I %% h%taa%ovg nEREES TS %%% S h%fglﬂf of the
20 lnductlveaélmnhonbmh le%qcam Aei ghtcql hhe MR gPENLghave to
be formed precisely. As |gﬁhell kﬁ%ﬁ% in the giteﬁgﬁffﬁroat ﬁeight

and MR hei ghibaue 200-2686Perwhiet By agieslly odmpiol/Ba lfewer nost insul ating
| ayer of the coil supp ortln%%gnd isolating insulating 25 filmand a
wor ki ng Br edrapphaskrusingi afitr iy e agdement, wific land Qipp@'seldﬂ 0 a

gnet ¢ 1 eCAES RILIESL UMY s ma VERY, SURL s3BCR Curi g, e v ecording
the spin bulb film is destroyed.

An over-write property of the inductive element
is largely dependent upon an apex anglé of an coil

10 supporting and isolating insulating film for
supporting the thin £ilm coil such that conductive
turns thereof are isolated from each other, and upon a

. throat height of the pole portion. Therefore, in
order to improve the stability, reliability and yield,

15 it is very important to control precisely said apex
angle and throat height.

Particularly, in order to improve the
manufacturing yield of the thin film magnetic head,
not only the above mentioned throat height of the

20 inductive element, but also an MR height of the MR
element have to be formed precisely. As is well known
in the art, the throat height and MR height are
determined by a position of the lowermost insulating
layer of the coil supporting and isolating insulating

25 film and a working precision of an air bearing surface
which is opposed to a magnetic recording medium with a
very small space during the recording and reading.

For the sake of simplicity, hereinafter the air



~4- - bearing surface is called ABS. In the known hybrid type

thin fil mmgnetic head having the inductive . el emrent forned on the MR
el enent, in order to obtain desired throat height MR height precisely
5 correspondi ng to designed values, it is necessary to perform a mask
alignment for the formation of the _ 4lowernost insulating layer with a
“m ni mum al i gnnment error with respect to the already formed MR film
However, the MR film has very snmall thickness such as 10 several hundreds
A and a pole portion of a relatively thick first magnetic filmof the
I nductive elenent is formed on the MR film a contour of the MR film
could not be seen clearly during the mask alignnent. Ther ef or e,

the precise_mask _alignnent for th 5__lowerno i nsul ati.ng | ayer could be
carried outPBAFy™I Q%QE%QFcﬁﬁf?%g}?é.Apg'shéﬂl%Eﬁbeﬁﬁ?ghlpﬁﬁfl¥he mask
alignnment f heyl: RSt [ a A : | rtant for

obt ai ni ng aegg%i ?g&ﬁrﬁlg%t? r%%%ﬁf[:ﬁé Réals :ﬁ%&’lnﬁq #%ér)d%arrld?gt%ptgi gate the
above probl elefbnth€ordied askeiéi JRMeDEmetit alirg eEdér pBbt 6bkadly be
formed and the mask alignment nay be perforned with respect to

thi s patterdeshovedvéhrdat thesghtsMR heighitgmmanisely error of the
alignnent pattern is introduced, ,and_t hus the mask alignnment for the

| ower nost | ASEFEEPRGA ML Lo Besigned Netuss carl i k¥ RecepreErsdoy.

Furt her nore f p e b conpl.i-c d and cost is
I ncreased. pe%?grm a.nﬁ%ﬂﬁg%f%&%%%ﬁghﬁﬁgfi ﬁ%?%gﬁﬁi%ﬁgﬁ %#ugggity of

lowermost insulating layer with a minimum alignment

error with respect to the already formgd MR f£ilm.
However, the MR film has very small thickness such as
10 several hundreds A and a pole portion of a relatively
thick first magnetic film of the inductive element is
formed on the MR film, a contour of the MR film could
‘not be seen clearly during the mask alignment.
Therefore, the precise mask alignment for the
15 lowermost insulating layer could be carried out only
with difficulty. It should be noted that the mask
alignment for the lowermost insulating layer is also
important for obtaining a desired throat height.
In order to mitigate the above problem of the
20 mask alignment, an alignment pattern may be formed and
the mask alignment may be performed with respect to
this pattern. However, in this case, an alignment
error of the alignment pattern is introduced, and thus
the mask alignment for the lowermost insulating layer
25 could not be carried out precisely. Furthermore, the
manufacturing process becomes complicated and cost is
increased.

Usually the thin film coil has a plurality of



-5- coil layers, and after a coil layer is formed, its
I nsulating |ayer, e.g. photoresist is subjected to a heat treatnent at
a tenperature of about 250[err]C for formng a flat surface. This flat
surface of the 5 insulating layer is required for form ng a next coi
| ayer. During this heating process, the ghgtoresist I s softened or
nmelt and its pattern size is varied | argely. Moreover, when a
patterning for formng a coil layer is conducted by mlling, a pattern
of the 10 coil supporting and isolating insulating film constituting
a positional reference for the MR el enent I's etched again, and the
retardation of pattern occurs. When such a variation of the pattern in
the insul ating, | ayer occurs, even if the photomask for the 15
phot or esi st Fe14I L§¥&F Spr etk edften pospiiloda@yer is r&dzmednship of the

hot oresi st with,respect. to the MR el enent mi ght be changed. The
5ariation of %gla%l%gbﬁgpﬁ?%si%tgpa??@FﬂrﬁﬁdﬁF éﬁ%dﬁ%bi%cé?@-§96apn1mhen a

t hi ckness of L,st_.is_ large.,_ Particular]l 20, brid type thin
fil m nmagnet i%é%ga?ig%%%ﬁ%?{g% at a ‘f‘?@%ﬁﬁﬁgwﬁaé’%@&#‘f%qﬁ?% é%r have the
throat hei ghformingnet fllengefutfede 1. Ofhierrlae ool &£ ithds necessary

to control precisely the variation of the photoresist pattern in the
order toSsublhRfelsting dmyer is rddpeikadwiotredorimimy i aachextngoall ar ge
vari ation in the photoresist pattern could not neet such a
requirenent,lgxﬁrnaHngﬁ?ﬁ i Reftdne Peaassihosiie photiorreisve and/ or

magnet or esi sjLVELeLEPRY YR Ong its pattern size is varied

largely. Moreover, when a patterning for forming a
coil layer is conducted by milling, a éattern of the

10 coil supporting and isolating insulating film
constituting a positional reference for the MR element
is etched again, and the retardation of pattern occurs.
When such a variation of the pattern in the insulating
layer occurs, even if the photomask for the

15 photoresist is aligned precisely, a positional
relationship of the photoresist with respect to the MR
element might be changed. The variatiﬁn of the
photoresist pattern might amouht to 0.5-0.6 um when a
thickness of the photoresist is large. Particularly,

20 a hybrid type thin film magnetic head for high
frequency has been required to have the throat height
not longer than 1.00 um. Therefore, it is necessary
to control precisely the variation of the photoresist
pattern in the order to sub-microns.

25 The known technique including a large variation
in the photoresist pattern could not meet such a
requirement, and many thin film magnétic heads whose

inductive and/or magnetoresistive element have not



-6- - desired properties are wasted after a polishing process
for formng the ABS. The known hybrid type thin fil mnmagnetic
head has encountered another problem Since after the MR 5 film has
been fornmed, a shield gap filmis formed and then a first magnetic
filmof the inductive elenment is Sf@ned on the shield gap film a pole
portion of the first magnetic filmcould not have a flat surface due
to the MRfilmand shield gap film Wen a second 10 magnetic filmis
formed on the first magnetic filmvia the witing gap film the pole
portion of the second magnetic filmalso could not have a fl at _
surface. Such non-flat pole portions results in a degradation I n

a high fre he_i nduct.i v 5 _recordi.ng.element. In
orde? to asolg ?hc(éggﬁgfe%%%rgﬁgtﬁéitﬁiiqéﬁ??n%mﬁoﬂéﬁ%ﬁ¥ﬁtning met hod
after lodd: tier fEsShiAgoRel agdd ! m a planarizing process S
performed by a chem cal - mechanical polishing (CWP) whi ch has been
known in the seni coftieckmowteliyderi @0typenuhdet Fiilig rheghet foeheadhi S

pl anari zi ng_process apparently increases the manufacturing cost and
time. has encqup egRopheanprickileropefimes | aBtevntkek MR Hei

3-26360 t ' osed a inverted .or, reversed ., type thin film
nmagneti ¢ he%g,rl%} hlsé}lﬁ?irké:)%eré gaﬁmeangﬁetsg‘rlégiiﬁ% Ekéﬂi n§ &icemast and f or med

[ t4 | e r hi.s.priaon art .
gzb?incat [ onltg%éllg dn\?%%gghggﬂgﬁ%cﬁrﬁ&e“ ﬁ%%ei?%?hﬁlge %Illeénne%tntl%et ween
the MR el engdtrnyd drherlpdosRi838Shap film, a pole portion of the

first magnetic film could not have a flat surface due
to the MR film and shield gap film. When a second
10 magnetic film is formed on the first magnetic film via
the writing gap film, the pole portion of the second
magnetic film also could not have a flat surface.
~Such non-flat pole portions results in a degradation
. in a high frequency property of the inductive
15 recording element. In order to avoid such a
degradation, in the known manufacturing method, after
forming the first magnetic film, a planarizing process
is performed by_a chemical-mechanical polishing (CMP)
which has been known in the semiconductor device
20 manufacturing technique. This planarizing process
apparently increases the manufacturing cost and time.
In Japanese Patent Laid-open Publication Kokai
Hei 3-263603, there is proposed a inverted or reversed
type thin film magnetic head, in which a
25 magnetoresistive reading element is formed on an
inductive recording element. However, this prior art
publication does not teach a structure suitable for

alignment between the MR element and the photoresist



~7- ' supporting the thin filmcoil, and does not disclose a

useful technique for suppressing the variation of the phot or esi st
pattern. Moreover, in the thin fil mmgnetic head 5

i-ncl udi ng the inductive recording elenent, in order to attain a high
surface record density as well as an - 7 excellent high frequency
property, it is necessary to mnimze a wdth of the pole portions of
first and second magnetic filnms. For instance, in Japanese 10 Patent
Appl i cation Laid-open Publication, Kokai Hei 3- 263603, there is
described a nethod of mnimzing a wi dth of the pole portions of the
first and second magnetic filns. In this known nethod, after the ABS

has been obtgj ned b ol {shi ti.ns of the pole., 15 portj,ons of the first
and second rrsgiﬁ%e?d]f%y?gl L-’rt‘e tp&hefd@g} rﬁj“tﬂ't RApgees, ok 1% educe a
wi dt h of e} h Kk t ho

not be practlﬁscéaéll%pﬁég%ﬁgﬁ}lﬁ g?gelrg%\[e% nasnsu a tﬁgg pﬁﬁﬁa@o %ﬁp%ﬂn%gnet I C
heads on a miRstcwcedbstnpantekchi.cient 20 nmanner, a width of the pole
portions of first and second magnetic filnms has to be m nimzed during
t he manuf act ur dagfeqyrr i nbuctheetbionditlm magnetic heaéin the thin
filmmagpeti.c fihglof tge type . mentioned above, in order to attain a
stability offRSiding.t ﬁgl%*é&tc&ﬂéf? &8GRI Hag el RBEREnhAR Sfrdew ntei | m

reanetL DM SR SN A0 1 B agliler 0,
reduce a si z&xd¥llent high frequency property, it is necessary to
minimize a width of the pole portions of first and
second magnetic films. For instance, ihidapénese
10 Patent Application Laid-open Publication, Kokai Hei 3-
263603, there is described a method of minimizing a
width of the pole portions of the first and second
magnetic films. In this known method, after the ABS
has been obtained by polishing, tips of the pole
15 portions of the first and second magnetic films
exposing to the ABS are etched to reduce a width of
the pole portions. However, such a known method could
not be practically used. In ofder to manufacture thin
film magnetic heads on a mass scale in an efficient
20 manner, a width of the pole portions of first and
second magnetic films has to be minimized during the
manufacture of the inductive element.
In the thin film magnetic film of the type
mentioned above, in order to attain a stability of
25 floating posture, to increase the number of thin film
magnetic heads which can be manufactured from a single
wafer, and to minimize a size of the thin film

magnetic head, it is advantageous to reduce a size of
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- 8- : a slider as is taught in Japanese Patent Appfication

Lai d-open Publicati on Kokai-Sho 64-21713 and U. S. Pat ent No.

4,928, 195. However, even if a size of the slider is reduced, each of
bondi ng pads provi ded on 5 the slider for connecting the magnetic head
to an external circuit nust have-agufficient surface area for
firmy connecting a lead wire thereto. In the hybrid type thin film
magneti ¢ head conprising a stack of the inductive recording el enent
and 10 magnetoresistive reading elenent, it is necessary to provi de
two bondi ng pads connected to both ends of a thin filmcoil and two
bondi ng pads connected to both ends of the MR film These bondi ng pads

prevent the . mni atukization,of. t slider. 5 . I n Japanese
il ity woad Ssetaeront * BhBhs i it 64 1Rasent, applicdhidl T hed an

i nductive 1aidYdiSeh NPabli bELTRINKAIG NoRth, 68-30hgh lepd onduct ors

are extended up to a side wall of a slider and bondi ng pads are forned

on the | ead RatrehictNe S. 4 HOR8Y 205 .t hHeweR@r Steve WL aSshak of takl e for
the mniaturization_ of the slider, because the |ead conductors require
a r el atShvigdsr | b8 geedueede e eacda of rhandingubbisaprovided onhere is

Lt ner 81 Ghosed 1hel BoPoLbyglct PUTALL e niO00 pocs are
it 11 P oSSAAD SOEBGREtph AT 0 e AUV SIS ren 1700
recording elfy¥entidhly connecting a lead wire thereto. In the

hybrid type thin film magnetic head comprising a stack

of the inductive recording element and i

10 magnetoresistive reading element, it is necessary to
provide two bonding pads connected to both ends of a
thin film coil and two bonding pads connected to both

~ends of the MR film. These bonding pads prevent the
miniaturization of the slider.

15 In Japanese Utility Model Application
Publication 7-31362, there is described an inductive
type thin film magnetic head, in which lead conductors
are extended up to a side wall of a slider and bonding
pads are formed on the lead conductors. However, this

20 structure is not suitable for the miniaturization of
the slider; because the lead conductors require a
relatively large surface area. In this publication,
there is further disclosed that a part of a plurality
of bonding pads are position above the magnetic

25 converting element. However, the prior art
publication does not teach anything about the hybrid
type tbin film magnetic head having a stack structure

of the inductive recording element and
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-9- ’ nagnetore5|st|ve readi ng el enent. Sunmmary
of the Invention The present invention has for its object to
provi de a novel and useful hybrid type thin film 5 magnetic head, in

whi ch. a magnet oresi stive readi ng el enment is not affected by processes
for manufacturing an i nductive reeof@ding el enent. It is
anot her object of the invention to provide a hybrid type thin film
magneti ¢ head having a 10 high surface record density, in which a

magnet oresi stive elenent is forned by a gi ant magnet oresi stive film
such as spin bulb film super |l attice filmand granular film said

gi ant magnet oresistive filmis not subjected to a thermal 15 damage.

It is anot hema@,mee@aréglg@fvény@aama X¢] entprov' de a hybrid type thin
filmmagnetic head, in whi ch apéx angle and throat height of a pole

portion can be control | egupieGi eIV .t Inventioki 1S another object of

the invention to provide a hybrid type thin filmmagnetic head, in
whi ch a throat he|ghFh@fEmeﬁanﬂuﬂnwenteonrhasgfor 1u£(nhg¢candoan MR
hei ght of an (fnent ca to_desired val ues. I t

i s anot her oRﬁ&ﬁl  HrRRY %n yBFFéuﬁyﬁybrld TP e FbPﬁ\ﬁ&éﬁbtlc head, in
o0 uncs! ROl 13 ShiBP UKL LBt S5H Bhutlagy L 11
element is not affected by processes for manufacturing
an inductive recording element.

It is another object of the invention to
provide a hybrid type thin film magnetic head having a

10 high surface record density, in which a
magnetoresistive element is formed by a giant
magnetoresistive film such as spin bulb film, super
lattice film and granular film, said giant
magnetoresistive film is not subjected to a thermal

15 damage.

It is another object of the invention to
provide a hybrid type thin film magnetic head, in
which apex angle and throat height of a pole portion
can be controlled precisely.

20 It is another object of the invention to
provide a hybrid type thin film magnetic head, in
which a throat height of an inductive recording
element and an MR height of an MR element can be set
to desired values.

25 It is another object to provide a hybrid type
thin film magnetic héad, in which undesired variation

of a photoresist for insulating a thin film coil due

to a heating treatment can be avoided, a throat height



et L

> 10 - can be mininized and various di nensions can be

precisely controlled to have an excellent high frequency property.

It is another object of the invention to 5 provide a hybrid type thin film
magnetic head, in whi ch undesired variation of a photoresist pattern
due to amlling process for formikhg a thin filmcoil can ~ be

avoi ded and a throat height can be mnimzed to obtain an excel |l ent

hi gh frequency property. 10 It is another object of the invention
to provide a hybrid type thin filmmagnetic head, in which a fl at
first magnetic filmof an inductive recordi ng el ement can be forned

W t hout using the chem cal - nechani cal polishing, and the deterioration

15 of the Bhahpd efAuLNEYz &8 ORBA ¥aPiBuld dilfer®lohbatan be first mgnetic
filmcan be avoi ded. It is still another object of the

i nvention tprecisginowaletrolbed tol mawvegret iexdebtentchighng at | east

an inductive recording elenent, in which a wdth of a 20 pole portion can
be ni ni m zedregusRATD\REIPRIEYF f ace recordi ng density and high
frequency property.

to ~ provide a t fFn *?Iﬁ?ﬁ§8ﬁ§{%§j%§gr$ géﬁnggggpgﬁéégﬁx;nveh;hon e
OS85 | BRI AL LipUnEE A s ool 0 {1 on o2 be
and expehsicte undesired varihtibs ¥PINPhobdeesist bhetigtemieon to
to a milling process for forming a thin film coil can
be avoided and a throat height can be minimized to
obtain an excellent high frequency proﬁ%rty.
10 It is another object of the invention to
provide a hybrid type thin film magnetic head, in
which a flat first magnetic f£ilm of an inductive
'recording element can be formed without using the
chemical-mechanical polishing, and the deterioration
15 of the high frequency property due to the non-flat
first magnetic film can be avoided.
It is still another object of the invention to
provide a thin film magnetic head including at least
an inductive recording element, in which a width of a
20 pole portion can be minimized to improve the surface
recording density and high frequency property.
It is another object of the invention is to
provide a thin film magnetic head including at least
an inductive recording element, in which a width of a
25 pole portion can be minimized without making a
manufacturing process complex, cumbersome and
expensive.

It is another object of the invention to
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provide a thin fil mmgnetic head including at |east an i nductive
recording elenent, in which a width of a pole portion of a mnimzed
size can be forned uni formy. 5 It is another object of the
Fnvention to provide a thin filmnmagnetic head including at | east

an inductive recording elenent, in whdil a nagnetic field is confined
in a pole portion to inprove the hi gh frequency property and surface
recordi ng density. 10 It is still another object of the invention
to provide a hybrid type thin fil mmagnetic head, which can be
easily mniaturized so that the nunber of magneti ¢ heads which can be
formed froma single wafer can be increased and a magnetic di sc device

using the dpogRaeetd &Rl CAR REGALE cMRiad U ZRHidGdatheeast MagNetic
head can float above a magnetic disc in a st abl e manner.

The presentannyeductived sedetrding tal emewt hodn whieth rearddich usfng a thin
fil mmagnetic_head and has an 20 object to provide a novel and useful

met hod by neahs portism @f ch mieimbsed FiFE ¢19sd hei fofmedh nagneti ¢ head
according to the invention can be manufactured in a preci se, efficient
and | ess exPBASPYE-Wanner . According to a first aspect of the

e e /TS g MBS S RPeLLS e p
surface in phbohde FLagsHedfilm maghbtol heddrifeiuding at least
an inductive recording element, in which a magnetic
field is confined in a pole portion to improve the
high frequency property and surface reé;rding density.
10 It is still another object of the invention to
provide a hybrid type thin film magnetic head, which
can be easily miniaturized so that the number of
_magnetic heads which can be formed from a single wafer
can be increased and a magnetic disc device using the
15 magnetic head can be also miniaturized, and the
magnetic head can float above a magnetic disc in a
stable manner.
The present invention also relates to a method
of manufacturing a thin film magnetic head and has an
20 object to provide a novel and useful method by means
of which the above mentioned thin film magnetic head
according to the invention can be manufactured in a
precise, efficient and less expensive manner.
According to a first aspect of the invention, a
25  hybrid type thin film magnetic head comprises:
a substrate made of a non-magnetic insulating

material and having a surface in which a recessed

portion is formed;
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supported by said substrate; and
el ement forned to be

<

an inductive recording elenent forned to be
a magnet oresi stive reading

wherein said inductive recording el enent includes: a first

magnetic filmhaving a portion fornmed Q2 - an inner surface of said
portion fornmed on said surface of the
extend fromsaid portion formed on the inner surface
of the recessed portion up to.an air bearing surface;
coil fornmed wthin said recessed

recessed portion and a pole
substrate to

conductive coill turns; a coil supporting and isol ating

i nsul ating fiIngnlingﬁég?%ﬁf4%QJ}&§ﬂ¥ éf&ﬁéﬁgdfggg%kpqx§qﬁp that said

conductive turns'o

m coi1 are suppor

supported by said inductive recording el enent;

10

and isol ated by

sai d insul aghpgobted by said swb@ePatilnmupmde of a non-magnetic material

and
film

having a pole portion which is opposed to said pole

formed at | east on said pole portion of the first 20 nmagnetic

a magnetomregiettiord iteadimgedl enessi doyaed itonlaad

first magnetvRPPrtedyiby saigd Yetive recgading@kengnhich is

nagneti%ally C

from sai“d

portion of the

el ement includeg: £irst magntild Sti BRI BLP1H5Pa" boPTRIE Y rifedOFn TRgNEL I C

10

15

20

25

an inner surface of said recessed portion and a pole

portion formed on said surface of the substrate to

extend from said portion formed on the inner surface

of the recessed portion up to an air bearing surface;
a thin £ilm coil formed within said recessed

portion and having a plurality of conductive coil

turns;

a coil supporting and isolating insulating film
formed within said recessed portion such that said
conductive turns of the thin film coil are supported
and isolated by said insulating film;

a gap film made of a non-magnetic material and
formed at least on said pole portion of the first
magnetic £ilm;

a second magnetic film formed on said gap film and
having a pole portion which is opposed to said pole
portion of the first magnetic film via said gap film
and a portion which is magnetically coupled with said
first magnetic film at a position remote from said
pole portion; and

said magnetoresistive reading element includes:

a first shield gap film made of a non-magnetic

5

athin film
portion and having a plurality of

CUBRES L iR G U S JREL AR dyBRskpLer reme
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7 13 - I nsul ating material and forned on sald second nagnetlc
film a magnetoresistive filmformed on said first shield gap
filmsuch that a side edge of the 5 magnetoresistive filmis exposed on
said air bearing surf ace; a second shield gap filmnade of a
non- magneti c I nsul ating material-ah8 fornmed on the magnetoresistive
fillmand first shield gap film and 10 a third magnetic filmformed
on said second shield gap film According to the first
aspect of the invention, a met hod of manufacturing an inverted hybrid
type thin fil mmagnetic head including an inductive recording 15

el ement, a magnetoresistive reading elenent, and a substrate

suppor t i ng %’ﬁ‘i&i&'@ﬂ%'ﬁ{gtéfﬁgﬁdia%% ?toeps on saéadsg%gmt% stiye

readi ng el enent, conpfises of : formng a recessed

portion in &iSface of a 20 substrate,; formng a first magnetic
filmon an inner surface of said recessed portion and on a portion of
said sur f ace mefgndteosepistive fodm thoameshieonfsasd dagsétic film

i ncl udes a pqle portion extendlng fromthe _25 recessed portion up to an
a|r bear i ng Sty Iﬁ%égap £ilm SuFBrﬁhﬂfe?t%ﬁqﬁf?@ﬂ?ceﬁltﬁﬁ%lng aplurality

on s Wikt hi.n sai d esse rti.Q ..such that
sald conguctlé§{00|f8%%?%§b§rglgﬁbﬁ'rt§§x§%d§ o gaea diY’ bearing
surface;
a second shield gap film made of a non-magnetic

insulating material and formed on the magnetoresistive

film and first shield gap film; and

10 a third magnetic film formed on said second shield

gap film.
According to the first aspect of the invention,
- a method of manufacturing an inverted hybrid type thin
film magnetic head including an inductive recording
15 element, a magnetoresistive reading element, and a
substrate supporting said inductive recording element
and magnetoresistive reading element, comprises the
steps of:
formiﬁg a recessed portion in a surface of a
20 substrate;

' forming a first magnetic film on an inner surface
of said recessed portion and on a portion of said
surface of the substrate such that said first magnetic
film includes a pole portion extending from the

25 recessed portion up to an air bearing surface;
forming a thin film coil having a plurality of
conductive coil turns within said recessed portion

such that said conductive coil turns are supported and



- 14 - i sol ated from each other by neans of a coil supporting

and isolating insulating filmfornmed within said recessed portion;
forming a gap fil mnade of a non-magnetic material 5 at |east on said pole
portion of the first magnetic filﬂ£ form ng a second nagnetic
filmon said gap film such that the%second magnetic filmincludes a
pol e portion which is opposed to said pole portion of the 10 first
magnetic filmvia said gap filmand a portion which is magnetically
coupled with said first magnetic filmat position renote fromsaid
pol e portion; formng a first shield gap filmon said second
magnetic film 15 formng a magnetoresistive filmon said first

shiel d gap fiidolated from &8tH 8gharsesonbits ebfl gapolhill suppdrieing
magnetoresistive filmand first shield gap film and formng a

t hi rd magnetind fidonabhingi inseéendng2di lghi Edngdpwithan said

According to the first aspect of the invention, since the

magnet or esi FECREFRARPHELPRAENt is for med on the inductive recording
element, it is ssi:bl e t nuf cture t he nagnet o esistive.rquing

ol enont_ af ter  SOTHNS a baw, tiTRINe8E o 4 HorladndEie Rarerid
Ther ef ore, e TGNt} Cshadl ¥81603U: A i QPMEREARi PBE maghldird i Vel y

prevented from being affected by a process or manufacturing the
i nductive reddmdi ng el enent.
forming a second magnetic film on said gap film
such that the second magnetic film includes a pole
portion which is opposed to said pole ﬁbrtion of the
10 first magnetic film via said gap film and a portion
which is magnetically coupled with said first magnetic
film at position remote from said pole portion;
forming a first shield gap filﬁ on said second
-magnetic £ilm;
15 forming a magnetoresistive film on said first
shield gap £ilm; _
forming a second shield gap film on the
magnetoresistive film and first shield gap film; and
forminé a third magnetic film on said second
20 shield gap film.

According to the first aspect of the invention,
since the magnetoresistive reading element is formed
on the inductive recording eiement, it is possible to
manufacture the magnetoresistive reading element after

25 the inductive recording element has been formed.
Therefore, the magnetoresistive reading element can be
effectively prevented from being affected by a process

for manufacturing the inductive recording element.
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~ 15 - As stated above, according to the first aspect

of the invention, the nagnetoresistive readi ng el enent Is not affected
by a heating treatnent for formng the thin filmcoil isolated by the
€oil supporting and 5 isolating insulating film Therefore, the

magnet oresi stive filmmy be advant ageoli§l y forned by a GWR filmsuch
as spin bulb film super lattice film and granular filmwhich is
|iable to be danaged by a hi gh tenperature anneal i ng process during
the 10 formation of the inductive recording elenent. In this manner ,
it is possible to obtain the nmagnetoresistive readi ng el ement having a
very high sensitivity. According to the first aspect of the

i nventi on, t he Rt hi ' il.an idqs t ad isal.ating 15
insulating film areﬁ%rérﬁ:e%é%\n&[ %ﬂﬁj"?hegf%%ér]sdslwggétt{:%% ilg'lgsltf %rsﬁteeéﬁl n the
surface of tde spbsihabfAriand tHHE mMdthetoresPs¥idRyrRadlithd e Dahelei ght

can be precisely controlled by adjusting an angle and a configuration
of a side wals mbttabfectedsby poteatnimmdtredtpehtoffor?Xaheingcessed
portion. The ,first magnetic filmhas the pole portion

whi ch ext endah¥n ofd npepiilod serlatad iy sthepgadd Supporgingnavfined on the
surface of the ecessedpgggtion, nd.thus.there,is formed a corner
|

bet ween the Jp%? atﬁ%gpai ﬁtéﬁ}? tﬁel%grt:kbef??%?]ﬁ%d 58t he recessed
e s PO PEABEE IS ) 50 B AD SR R
magneti ¢ head.gMbhefrlar euchhad i bulb film, super lattice film
and granular f£ilm which is liable to be damaged by a
high temperature annealing process during the
10 formation of the inductive recording element. In this
manner, it is possible to obtain the magnetoresistive
reading element having a very high sensitivity.

According to the first aspect of the invention,
the thin f£ilm coil and coil supporting and isolating

15 insulating film are formed within the recessed portion
formed in the surface of the substrate, and thus the
apex angle and throat height can be precisely
controlled by adjusting an angle and a configuration
of a side wall of the recessed portion and a depth of

20 the recessed portion.

The first magnetic f£ilm has the pole portion
which extends from a portion of the_first magnetic
film formed on the surface of the recessed portion,
and thus there is formed a corner between the pole

25 portion and the portion formed on the recessed portion.
The throat height is determined with reference to said
corner whose position is not changed during the

formation of the magnetic head. Therefore, the throat
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= 16 - hei ght can be brecisely set to a desired val ue.

The thin filmcoil is usually fornmed by a stack of a plurality of coi

turn |l ayers which are isolated by a plurality of insulating |ayers of
the coil 5 supporting and isolating insulating film and the

insul ating layers are usually nade of- dfhot oresi st. In order to form
successive coil turn layers precisely, an insulating layer is

subj ected to a heating treatment at a tenperature of about 250[err]C

at which the 10 photoresist of the insulating |ayer is softened or

melt. However, according to the invention, the thin filmcoil and coi

supporting and isolating insulating filmare formed within the

recessed pohblight R4eN Hd precidOfyPRBLORSSLSladsS A0k teapgoor melt, the

configuration ~1 of thethin m coi | coil supporting and

i sol ating insul ati nghéi thihs fidim dwilgers bshaliyf iDoethed by ian sicackdance
with a configuration of the recessed portion. Therefore, the

phot or esi stogatat edmriad ifat of cothahyed davers vhidhatang iseinfted: .
Moreover, the 20_ coil, supporting. and isqlating ipsulating filmpattern
i s not chanBXd%P&Hr@;‘at%r‘gge%%s’%?twgl ﬁﬁ‘@'eﬁé %’gi‘ghe cmgi%upporti ng and
I sol ati i ' i ' . f.Qr. i f Il turns of
the thi i PapEaycing ‘Sdf tiolBC g insu it LR, B, BB L0 S 0

angle 25 ¢aBul@UARFIA)erseiLemBaE1DY RRId ot i daphobopBgl et . and
configuration of the side wall of the recessed portion and the throat

hei ght can @a abdemprecifeiy succedsieencodd wuin rkdgeeacpreaisiedycor ner
of the firs;n insulating layer is subjected to a heating

treatment at a temperature of about 250°C at which the

10 photoresist of the insulating layer is softened or
melt. However, according to the invention, the thin
film coil and coil supporting and isolating insulating
film are formed within the recessed portion, even if
fhe photoresist is softened or melt, the configuration

15 of the thin film coil and coil supporting and
isolating insulating film is nbt changed, but is fixed
in accordance with a configuration of the recessed
portion. Therefore, the photoresist pattern is not
dhanged under the heating treatment. Moreover, the

20 coil supporting and isolating insulating film pattern
is not changed even by a process for milling the coil
supporting and isolating insulating film during the
formation of the coil turns of the thin film coil.
Therefore, according to the invention, the apex angle

25 can be precisely determined by the inclination angle
and configuration of the side wall of the recessed
portion and the throat height can be also precisely

determined with reference to the corner of the first



o~ 17 - magneti c head. According to a second aspect of
the fnvention, a thin filmmagnetic head conpri ses: a
substrate having a surface; and 5 an inductive recording el enent
fornmed on said surface of the substrate; wherein said

I nductive recording el enent includes:- 17 - a first magnetic filmfornmed
on said substrate and havi ng a pole portion extending froman air
bearing 10 surface; athinfilmcoil having a plurality of
conducti ve coil turns each of which includes a portion fornmed on

said first magnetic film a coil supporting and isolating
insulating film 15 formed to isolate said conductive coil turns of the
thin filmecgil. ane dsolated fromeach other; _ a gap filmmade of a
non- magneti c Tt erial - an having a pol e portion which is opposed to

said pole por t peroHditte dd rsts888A8t heplddtMo@nthe 2hventidnsecond
magnetic filmhaving a pole portion which I s opposed to said pole
portion of whé&hin sfilmgnagnetic hekid moniparksesl: gap fil mand a portion
which is magnetically coupled with said first magnetic film at

posi tion renot edf 3RS aLodraviagt posurd@ceipard 25 portion of the

Th o surtace of Phdnevet Hed CaCRETNEE: oA o OHRt N PR Sai d gap f11m.
and Pr @b 4dRSs toMaEHe Salifseheeortion of the first

wherein said inductive recording element includes:

a first magnetic film formed on said substrate and
having a pole portion extending from aﬁ air bearing

10 surface;

a thin film coil having a plurality of conductive
coil turns each of which includes a portion formed on
_said first magnetic film;

a coil supporting and isolating insulating f£ilm

15 formed to isolate said conductive coil turns of the
thin film coil are isolated ffam each other;

a gap film made of a non-magnetic material and
having a pole portion which is opposed to said pole
portion of the first magnetic film; and |

20 a second magnetic film having a pole portion which
is opposed to said pole portion of the first magnetic
film via said gap film and a portion which is
magnetically coupled with said first magnetic film at
position remote from said pole portion, said pole

25 portion of the second magnetic film being constituted
by a protrusion which is formed in a surface of the
second magnetic film contacted with said gap film and

protrudes toward said pole portion of the first
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Jagnetic film According to the second aspect of the invention,
a nethod of manufacturing a thin fil mnmagnetic head I ncl udi ng a
substrate having and an inductive 5 recording elenent fornmed on said
substrate, conprises the steps of: form ng a recessed portion
and a groove in a surface of the-s#fstrate such that said groove

ext ends fromsaid recessed portion up to an air bearing 10 surface;
forming a first magnetic filmon an inner surface of said recessed
portion and within said groove of the substrat e; etching a
part of said first magnetic filmforned 15 within said groove to forma
pole portion within the groove such that a surface |l evel of the pole
portion m&dnébecf fidtn.nmagnetic filmw thin the groove is | ower

than a surface | evel of the substrate in which said groove is forned
such that said grookceesdingpteoethe) sewaral mspect of tbeniimyemttitam il m
coil having a plura conducti ve coil frns wi thi.n sai d. recessed

[t f {
portion a s Rerh tgégmenesﬁeaeﬁw i thin fi1n, magasttic headm
each ot her b¥ng§g faa %igtf%ggxﬂééfggaggdi%%]%Hdﬁ%tfgginsulating film
1 0n, or

f er | §%nd :
ormed within sard récessed por _ rormng agap filmmade of a
non- magnet i Cr§BbLHIAY eleﬁ@hﬁ*ﬁd&ﬁé&'oﬁUBHQEIb%%s%%&ﬁéﬁ”éﬁmﬁﬁiéa§U|at'ng

film formed in said recessed portion and on said pole
the steps of:

forming a recessed portion and a groove in a
surface of the substrate such that said groove extends
from said recessed_portion up to an ai; bearing

10 surface;

forming a first magnetic film on an inner surface
of said recessed portion and within said groove of the
substrate;

etching a part of said first magnetic f£ilm formed

15 within said groove to form a pole portion within the
groove such that a surface level of the pole portion
of the first magnetic f£ilm within the groove is lower
than a surface level of the substrate in which said
groove is formed such that said groove has a space

20 therein;

forming a thin film coil having a piurality of
conductive coil turns within said recessed portion
such that said conductive coil turns are isolated from
each other by means of a coil supporting and isolating

25 insulating film formed within said recessed portion;

forming a gap film made of a non-magnetic material
on said coil supporting and isolating insulating_film _

formed in said recessed portion and on said pole



-.-19 -- portion of the first magnetic filmwthin said groove,

said gap fil mhaving a thickness which is smaller than a depth of said
space within the groove such that the groove still has a space; 5
formng a second magnetic filmon said gap film such that said second
magnetic filmincludes a pole porti tonstituted by a protrusion

whi ch projects I nto said space of the groove and is opposed to-‘said
pol e portion of the first magnetic filmvia said gap 10 film and a
portion which is magnetically coupled with said first magnetic film at
a position renote from said pole portion. According to the
second aspect of the invention, a nethod of manufacturing a thin film
nmagneti ¢ heagortidmdfiding £is80Shaghethavifidmngi eRihNgddsli Yeoove,
recording element fornmed on said substrate, conprises the steps of:
formi ng a resedsedaqporiiilon havinguaf abéchhedse whiclkubst smagler2@han
formng a first. magnetic fjil mon an inner surface of said recessed
portion and 8n9ERtR Qf r3R¥ FPage withizy gdhe groavensurht thas thest
magneti c fi'gkﬁ%%éié¥¥fi ¥%%r£ortion whi ch extends from said recessed

portion up t an art ngFstifface; 25 forming a thin film
coi | having a pl gbahiity & secondAREELEYE $Qiikn (K NSa W t HhD fgm recessed
portion such that said conductive coil turns are supported and

i sol ated by suchi thatppErid ngeamdi nabakitig ifislih alheéludes a pole
portion constituted by a protrusion which projects
into said space of the groove and is opposed to said
pole portion of the first magnetic film via said gap

10 £film, and a portion which is magnetically coupled with
said first magnetic film at a position remote from
said pole portion.

According to the second aspect of the invention,
a method of manufacturing a thin film magnetic head

15 including a substrate having and an inductive
recording element formed on said substrate, comprises
the steps of:

forming a recessed portion in a surface of the
substrate;

20 forming a first magnetic film on an inner surface
of said recessed portion and on said surface of the
substrate such that the first magnetic film has a pole
portion which extends from said recessed portion up to
an air bearing surface;

25 forming a thin film coil having a plurality of
conductive coil turns within said recessed portion
such that said conductive coil turns are supported and

isolated by a coil supporting and isolating insulating
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s 20 - filmformed within said recessed portion, a surface

| evet of said coil supporting and isolating insulating fil mbeing not
hi gher than a surface | evel of the pole portion of the first magnetic
Film 5 formng an inorganic insulating filmon said substrat e,
said pole portion of the first magneti @0 - filmand said coil supporting
and isolating insulating film et ching said inorganic
insulating filmsuch that a 10 surface of said pole portion of the first
magneti c filmis exposed; etching sai d exposed surface of the
pol e portion of the first magnetic filmsuch that a surface |evel

of the pole portion of the first magnetic filmis 15 |ower than a surface
level of thejiporediidd fiths® 88id reck@sld BrtidWVea surface formng a
gap filmmade of a non-nagnetic nmateri al on said inorganic insulating
filmand onlewmied pd esaid qoilisappbrthedf arst inagleticgf ihsubething sai d
groove; 20 form ng a second nagnetic filmon said gap film such
that said séédndbed@eemat highenctbabsaasyaiface leywltpbnthenprilieut ed by

a protrusion whi.ch projects,_, into sai d _groove and is opposed to said
pol e portidﬁortloqﬁoénéb?i#%?sﬁaﬂﬂgPF lﬁlé% a said gap film and a 25

porti on ihi oh | £ogRene apl ool £0ikhiataky 448K on safgnetic filmat

a position renote from sal portion. According to the
second aspesubeftridt®:, «id ipdle portion of the first magnetic - 21 -

film and said coil supporting and isolating insulating
film;
etching said inorganic insulating film such that a
10 surface of said pole portion of the first magnetic
film is exposed;
etching said exposed surface of the pole portion
of the first magnetic film such that a surface level
hof the pole portion of the first magnetic film is
15 1lower than a surface level of the inorganic film so as
to foxrm a groove;
forming a gap film made of a non-magnetic material
on said inorganic insulating film and on said pole
portion of the first magnetic £ilm within said groove;
20 forming a second magnetic film on said gap film
such that said second magnetic f£ilm includes a pole
portion constituted by a protrusion which projects
into said groove and is opposed to said pole portion
of the first magnetic film via said gap film, and a
25 portion which is magnetically coupled with said first
magnetic film at a position remote from said pole
portion. |

According to the second aspect of the invention,



s

a met hod of manufacturing a thin filmmagnetic head i ncluding a

substrate having and an i nductive recordi ng el enent forned on said
substrate, conprises the steps of: 5 form ng a recessed portion
tn a surface of the substrat e; forming a first magnetic film
on an inner surface of said recess¥d portion and on said surface of

t he substrate such that the first magnetic filmhas a pole 10 portion
whi ch extends from said recessed portion up to an air bearing surface;
formng a netal filmat |east on said pole portion of the first
magnetic film said netal filmbeing nade of a netal which has an

etching property different 15 fromthat of the first magnetic film

forming a thindihaucalel diaieit Ay bl X100 £i1n (ERAMICHL VRetil | LUMNS

Wi thin said recessed portion such t hat sal turns are

supported anflcludins @ ahessbyabeChalingPRAId 419 Bducasubating film 20
formed wthin said recessed portion, a surface | evel of said coi

supporti ng zedoirsiaingt iegererst| foimgdf pbhmsaid s$ghsgraverr cohprisesur f ace
| evel of the netal fil formng an inorganic insulating filmon
sai d s&bst F&®S fd netal filmon the pole portion of the 25 first

magneti ¢ fil mapd_said c0| orting, and I solating kn Iatlng film
etchlngq%ald |ngrganp i%hd %ﬁ%%%éf??%F% th Hﬂuﬁ jirfade %#fgge of said

metal film kgpexpesed - 22 -

forming a first magnetic film on an inner surface
of said recessed portion and on said surface of the
substrate such that the first magnetic %ilm has a pole
10 portion which extends from said recessed portion up to
an air bearing surface;
forming a metal film at least on said pole portion
Hof the first magnetic film, said metal film being made
of a metal which has an etching property different
15 from that of the first magnetic f£ilm;
forming a thin film coil having a plurality of
conductive coil turns within said recessed portion
such that said conductive coil turns are supported and
isolated by a coil supporting and insulating film
20 formed within said recessed portion, a surface level
of said coil supporting and isolating insulating film
being lower than a surface level of the metal film;
forming an inorganic insulating f£ilm on said
substrate, said metal film on the pole portion of the
25 first magnetic film and said coil supporting and
isolating insulating £ilm;
etching said inorganic insulating f£ilm such that a

surface of said metal film is exposed;



T 5

sel ectively etching said netal filmto expose the surface of the pole
portton of the first magnetic film such that a surface |evel of the
pol e portion of the first magnetic filmis |ower than a surface |evel
of 5 the inorganic insulating filmso as to forma groove,

formng a gap fil mmde of a non-nmagnet22 #Aateri al on said inorganic
insulating filmand on said pole portion of the first magnetic film
Wi thin said groove; form ng a second nagnetic filmon said gap
film 10 such that said second magnetic filmincludes a pole portion
constituted by a protrusion which projects into said groove and is
opposed to said pole portion of the first magnetic filmvia said gap

film and a  solUddafupl chchonpraneld callt ovph oo iekosel drid ot 15

magnetic filmat a positi renote”from sail portion

According t eurfacdaye B8t penedpseedksh ashegie firsef mhbaduivertilon, a
width of a witing pole can be mnimzed to a wwdth of said protrusion
of the secomaicl2Chmtynet $erfabe lavelt lufs thaiphleupbatéoneod dihey

density .can he attained and_a_hi gh frequency propert can be_i nproved.
Mor eover, s&idF S REIREYHCi E14Br ASd Loy SF gdtan a Su6¥aéqm¥ﬂW?%rﬂ%kness of

the secogd MRUSIG LI fosdPataneia. 1 Lo el apthvel vasanid ned at

the witfng can rove 't hHe sUrfdace recordi-ng demsi
and hi gh frequelch-inRPestyap £ilm made oHUd Q%r@ﬁ&gnétﬂ’%ghgt@ri%@ d

protrusion can be
on said inorganic insulating film and on said pole
portion of the first magnetic film within said groove;
forming a second magnetic film on é;id gap film

10 such that said second magnetic £ilm includes a pole
portion constituted by a protrusion which projects
into said groove and is opposed to said pole portion
“of the first magnetic film via said gap film, and a
portion which is magnetically coupled with said first

15 magnetic film at a position remote from said pole
portion.

According to the above mentioned second aspect
of the invention, a width of a writing pole can be
minimized to a width of said protrusion of the second

20 magnetic film, and thus a high surface recording
density can be attained and a high frequency property
can be improved.

Moreover, said protrusion is formed by a part
of a whole thickness of the second magnetic film, a

25 magnetic flux is effectively confined at the writing
pole, which can improve the surface recording density
and high frequency_property.

Furthermore, a width of said protrusion can be



f-ormed precisely and finely by using a high precision patterning

techni que mainly a photolithography during t he manuf acturing process
of the second nagnetic film It should be noted that although
-t is not 5 necessary to constitute the thin film mgnetic head

according to the second aspect of the i2®&ention as the hybrid type
thin filmmagnetic head, it is advant ageous to constitute the thin
fil mmagnetic head according to the second aspect of the invention as
the 10 hybrid type one including a nagnetoresistive reading el ement
in addition to the inductive recording el enent. In such a case, it is
particul arly advant ageous to construct the hybrid type thin film

magnetic hegd. 8454 prﬁ%}i%ifvﬁﬁaefiﬁéﬁgg%%%éﬂrﬁ? @Shigﬁe{]%%%sa%ect of

the 15 invention. I'S case, sIn e second magn filmcan
be formed opagtehr@iidly HedBtEqé LAEnd§P af PhHBtolithsgt8pRyotukSngn
constituting the witing pole can be al so forned precisely.

Accor di ng t the manufacipecinofprbcessyverdt ity sexPord nageetéd WyiBm.d type
thin filmnmagnetic head conpri ses: a substrate having a
surface in which a FEc88s¥dd be npkedohhat poiheyoh it is nah jnpductive

recordi ng ehauenl Loy R0 dG0es cA0e 2RAOSGA & o) hadhLRse Alad®

substrate i n wWhi ¢ recessed portion

magnet or esi gbicwe JieRAItW EAENBEECHEA! BRP Rt &Ff the SiHPeAtidal ds MYt ve
recordi ng el ement which is - 24 -
hybrid type thin film magnetic head, it is

advantageous to constitute the thin film magnetic head

according to the second aspect of the invention as the
10 hybrid type one including a magnetoresistive reading
element in addition to the inductive recording element.
In such a case, it is particularly advantageous to
construct the hybrid type thin film magnetic head as
the inverted structure like as the first aspect of the
15 invention. In this case, since the second magnetic
film can be formed on a planar surface of the gap f£ilm,
said protrusion constituting the wriéing pole can be
also formed precisely.
According to a third aspect of the invention,
20 an inverted hybrid type thin film magnetic head
comprises:
a substrate having a surface in which a recessed
portion is formed;
an inductive recording element formed to be
25 opposed to said surface of the substrate in which said
recessed portion is formed; and
‘a magnetoresistive reading element formed on a

side of said inductive recording element which is



opposite to said substrate; wherein said inductive recording

el ement i ncl udes: a first magnetic filmformed on said recessed
portion of the substrate and having a pole portion 5 which is formed on
the substrate and extends fromthe recessed portion up to an air

beari ng surface; athin filmcolR formed within said recessed
portion and having a plurality of conductive turns; a coi
supporting and isolating insulating film 10 formed within said recessed
portion such that said conductive turns of the thin filmcoil are
supported and isolated by said coil supporting and isolating
insulating film a gap filmnmde of a non-magnetic material formned

15 at | east &fpsed depobespad istibsfrdtee; first magnetic film a
second magnetic filmfornmed on said gap film and havi ng a pol e portion

whi ch is opposedhersandspite inductjpord imerafdihg elesentagmetliuddsi m vi a
said gap film 20 and a portion which is magnetically coupled with said
first magnetic f&|F%EEtpBPRREAC didie G PR FBRE recessidion; and

two conductars_each havi on nds connected.t respecti ve ends of
said thin fiforEeen, o she Blineiiate 0T Daving, o nole Hortion.

includess ywhich 8sfEbShedic?] EHERRDS -4 LEMBAACRGHUIHS U the
magnetic film a magnetoresistive filmforned on said first
- 25 - recessed portion up to an air bearing surface;

a thin film coil formed within said recessed
portion and having a plurality of conductive turné;

a coil supporting and isolating ingulating £film

10 formed within said recessed portion such that said
conductive turns of the thin film coil are supported
and isolated by said coil supporting and isolating
insulating £ilm;

a gap film made of a non-magnetic material formed

15 at least on said pole portion of the first magnetic
£film;

a second magnetic film formed on said gap film and
having a pole portion which is opposed to said pole
portion of the first magnetic film via said gap £ilm

20 and a portion which is magnetically coupled with said
first magnetic film at position remote from said pole
portion; and

two conductors each having one ends connected to
respective ends of said thin film coil;

25 said magnetoresistive reading element includes:

a first shield gap film formed on said second

magnetic £ilm;

a magnetoresistive film formed on said first



shield gap filmsuch that a side edge of the ‘magnetoresistive filmis
exposed on said air bearing surface; a second shield gap film
formed on the 5 nagnetoresistive filmand first shield gap film and

a third magnetic filmfornmed on said second shield gap filmand having
a portion which is opposed to said - 28%mgnetoresistive filmvia said
second shield gap film and 10 at |l east two bondi ng pads forned
on a side wall of said substrate on a side fromwhich a bearing air

fl ow exits, one of said bonding pads being connected to one of
said two conductors which is connected to one end of the thin film
coil and being provided above the 15 thin filmcoil such that a center of

t he rel evantsy; [ a Wt PEE tter f the thin film
coil. shield Réggc%rgﬂllg tggt%%lhg&ttah%?raé\néais%ﬂc%%fé %%elaih%vent i on, a

met hod of mMaRItrastofédPsBiPBbEL dmt MRe idkdd | oh28aiBgadd bdaasichg ncl udi ng
an i nductive recordi ng el enent, a magnet oresi stive readi ng el enent,
and a subst ratface; supporting said inductive recording el ement and
magnet oresi stive readi ng el enent, conpri sing tﬁ; gt of: 25

formng a depre?se’t?%? i%lhl‘?}ndaggﬁr F&&@“ Fozpe nEE]g?trate_;
011G & {bfcaln JBORSLY £ LLLMERRA Bl SV LRE81Q. gap”lesdll ) difgOSSe

S ate an - 26
a third magnetic f£ilm formed on said second shield

gap film and having a portion which is opposed to said

magnetoresistive film via said second shield gap film;

and |
10 at least two bonding pads formed on a side wall of
said substrate on a side from which a bearing air flow
exits, one of said bonding pads being connected to one
of said two conductors which is connected to one end
of the thin film coil and being provided above the
15 thin film coil such that a center of the relevant
~ bonding pad situates within a pattern of the thin film
coil.
According to the third aspect of the invention,
a method of manufacturing a hybrid type thin film
20 magnetic head including an inductive recording element,
a magnetoresistive reading element, and a substrate
supporting said inductive recording element and
magnetoresistive reading element, comprising the steps
of:
25 forming a depressed portion in a surface of a
substrate;
forming a first magnetic film on an inner surface

of said recessed portion of the substrate and on a
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portien of said surface of the substrate such that said first nmagnetic
filmincludes a pole portion extending fromthe recessed portion up to
an air bearing surface; 5 formng athin filmcoil having a
plurality of conductive turns within said recessed portion such

that said conductive coil turns are isock@ted from each ot her by neans
of a first insulating filmfornmed within said recessed portion; 10 ’
formng a gap fil mnade of a non-magnetic materi al at | east on said
pol e portion of the first magnetic filmand said second insulating
film formng a second magnetic filmon said gap film such
that the second magnetic filmincludes a pole 15 portion which is opposed

to said pol goRRHdPHOs4NE surfabll o MAN&NIKs L PLVEAcRaithgap fil m and
a portion which is magnetically coupled with said first nagnetic

filmat posishiigh friersx endgnetsai dipal dnpdnide;a pole porftdom ng a first
shield gap filmon said second 20 magnetic filmat |east at a portion near
the air exyendimg stremcthe recessed mantiem wWRghet 8Reiistive filmon
said first Shield gap film formng a second shield gap film
on the 25 h%%ﬁﬁQQN%%Wg?'ﬁé filmand first shield gap film

L0111 19 9,11 gy o (b OB 8 LoS308ALng » L1080 Lo m | oo
second shi elkdnductive turns within said recessed por&ion such
that said conductive coil turns are isolated from each
other by means of a first insulating film formed
within said recessed portion; i
10 forming a gap film made of a non-magnetic material
at least on said pole portion of the first magnetic
film and said second insulating film;
forming a second magnetic f£ilm on said gap film
such that the second magnetic film includes a pole
15 portion which is opposed to said pole portion of the
first magnetic film via said gap film and a portion
which is magnetically coupled with said first magnetic
film at position remote from said pole portion;
forming a first shield gap f£ilm on said-second
20 magnetic film at least at a portion near the air
bearing surface;
forming a magnetoresistive film on said first
shield gap film;
forming a second shield gap film on the
25 magnetoresistive film and first shield gap f£ilm;
forming a third magnetic film on said second

shield gap film at least at a portion which is.opposed

to said magnetoresistive f£ilm via said second shield



gap fitm ) formng a second insulating filmon said third

magnetic fil mand second shield gap film formng first and second
pairs of conductors, said 5 first pair of conductors being connected to
respective ends of said thin filmcoil through via holes forned

in said second insulating filmand said %&cond pair of conductors
bei ng connected to respective ends of said magnet oresi stive film by
nmeans of via holes forned in 10 said second insulating film and

formng first and second pairs of bondi ng pads on said second
insulating film said first pair of bondi ng pads bei ng connected to
said first pair of conductors, said second pair of bonding pads being
15 connect edghp $dilgh;second pair of conductors, and one of said first
pai r of bondi ng pads being forned such that a center of the relevant

bondi ng pad situﬁoeming a widdomd aipdabatohga fiakd e sefd nediby said thin
film coi | In the thin fil mmgnetic head according to the

third aspectmﬁgnﬁﬁéQIﬁkﬂﬂlﬁﬂﬂ secendi shéeld gan fihbm; above nmentioned

nmerits of the thin fllrn ead according to _the first aspect of
the invention, 8rmlng §WQR§¥E$??§chﬁ15§ Sdpctors, said  gjnce

o e ek oA W ULy Dt e
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" 28 - in said second insulating film and said second pair of
conductors being connected to respective ends of said
magnetoresistive film by means of via Hbles formed in

10 said second insulating film; and

forming first and second pairs of bonding pads on
said second insulating film, said first pair of ‘
bonding pads being connected to said first pair of
conductors, said second pair of bonding pads being

15 connected to said second pair of conductors, and one
of said first pair 6f bonding pads being formed such
that a center of the relevant bonding pad situates
within a plane of a pattern defined by said thin film
coil.

20 In the thin film magnetic head according to the
third aspect of the invention, in addition to all the
above mentioned merits of the thin film magnetic head
according to the first aspect of the invention, the
following merits can be obtained.

25 Since one of the bonding pads connected to the

" one end of the thin film coil is provided on the side
wall of the substrate at such a position.that its

center situates within the pattern defined by the thin
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filmeoil, a surface area of the side wall of the " substrate can be
utilized efficiently. Therefore, a surface area of the substrate can
be reduced, and thus the thin filmmagnetic head can be m ni m zed.
This 5 results in that a floating posture of the nagnetic head above
a magnetic record nedium can be stabiti2&dr a magnetic di sc device
using the thin filmmagnetic head can be also mnim zed, and a | arger
nunber of magneti ¢ heads can be nmanufactured froma single wafer. 10
In a preferable enbodiment of the thin film magneti ¢ head according to
the third aspect of the I nvention, two further bonding pads each
connected to respective ends of the magnetoresistive filmare al so

provi ded on gy sidlel Yok | s@EehBe Sust (GF © HePlk {didtyadh Bkl chaur bonding

pads are aligned in a direction which I's perpendicular to a direction

of the beariguibstirate cahlbw. utilized effiAclatitdlng tPharkdurkh aspect of
the i nvention, a hybrid type thin filmnmagnetic head conprises: 20
a subst ratemmﬁa;rge axerfafethe whbstratewandde reduged.i emd Shugs ned;

e St R Bl R e RS GA  1
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wher ei n sai hdadlbdve &enagaeRa chBrd iMsdi@fScan be stabilized,
2 a magnetic disc device using the thin f£ilm magnetic
head can be also minimized, and a larger number of
magnetic heads can be manufactured from a single wafer.
10 In a preferable embodiment of the thin film
magnetic head according to the third aspect of the
invention, two further bonding pads each connected to
respective ends of the magnetoresistive film are also
lprovided on the side wall of the substrate such that
15 all four bonding pads are aligned in a direction which
is pe:pendicular to a direction of the bearing air
flow.
According to a fourth aspect of the invention,
a hybrid type thin film magnetic head comp;ises:
20 a substrate having a surface in which a recessed
portion is formed;
an inductive recording element fqrmed to be
opposed to said surface of the substrate in which said
recessed portion is formed; and
25 a magnetoresistive reading element formed on a
side of said inductive recording element which is
opposite to said substrate;

wherein said inductive recording element includes:



a first magnetic filmformed on said recessed portion of the substrate
and having a pole portion extending fromthe recessed portion up to an
air bearing surface; 5 athinfilmcoil formed within said
recessed portion and having a plurality of conductive turns;

an insulating filmformed within said rggessed portion such that said
conductive turns of the thin filmcoil are isolated by said insulating
film 10 a gap filmmade of a non-nagnetic nmaterial fornmed at

| east on said pole portion of the first magnetic filmand said
insulating film a second magnetic filmhaving a pole portion

whi ch IS opposed to said pole portion of the first magnetic 15 film
via said gap film_and a portion Lch is magnetically coupled with
said first magndtifd4sy QﬁnetlcmgbthﬁGFmﬁgnﬁﬁa34 E%Fésﬁﬁge portion
said pole Lt t |6 L 11 hng tituted

by a protru?ﬁﬁgﬁb#(ﬁ?“ég?ogﬁggg?%@% g%g?g%ggg%it 89853 p%%@%ﬁ; magneti c
filmcontacksdaedihds affoiabhéi FEcaRGed pord I USStbo¥Ar @isai d pol e

portion of the first magnetic film and two conductors each
havi ng one ®eeds icon ot Baice p respective ends of said thin filmcoil;
25 said magnetoresistive reading el enment includes: a first shield

gap fil @ formedaokhid Eikeorril formggnmiithim |41d recessed
?aggeforeSI%Qf@igﬂléﬁéQﬂgsgngnaS%i%ggffﬁy of conductive turns;
an insulating £film formed within said recessed
portion such that said conductive turns of the thin
film coil are isolated by said insulati;g film;

10 a gap film made of a non-magnetic material formed
at least on said pole portion of the first magnetic
film and said insulating £ilm;

a second magnetic f£ilm having a pole portion which
is opposed to said pole portion of the first magnetic

15 film via éaid gap film and a portion which is
magnetically coupled with said first magnetic £film at
position remote from said pole portion, said pole
portion of the second magnetic'film being constituted
by a protrusion which is formed in a surface of the

20 second magnetic film contacted with said gap film and
protrudes toward said pole portion of the first
magnetic film; and

two conductors each having one ends connected to
respective ends of said thin f£ilm coil;

25 said magnetoresistive reading element includes:

a first shield gap film formed on said secdnd
magnetic £ilm;

a magnetoresistive film formed on said first
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shield gap filmsuch that a side edge of the ‘magnetoresistive filmis
exposed on said air bearing surface; a second shield gap film
formed on the 5 nagnetoresistive filmand first shield gap film and

a third magnetic filmfornmed on said second shield gap filmand having
a portion which is opposed to said ~ 3Ragnetoresistive filmvia said
second shield gap film and 10 at | east two bondi ng pads forned
on a side wall of said substrate on a side fromwhich a bearing air

fl ow exits, one of said bonding pads being connected to one of
said two conductors which is connected to one end of the thin film
coil and being provided above the 15 thin filmcoil such that a center of

the rel evantshield hgagdi pe1Radusht UHA5 avdde aagkang @hea pattern
defined by the thin filmcoil. According to the fourth aspect

of the i nvemdgmetoresiatiethddlof imnredposedi og aahybeiid thaserimgn film 20
magneti ¢ head including a substrate having, an I nducti ve recording
el enent for M EACSai d substrate and a nagnetoresistive reading

el ement fornmed aon the L ndyctive r.ecordin | enme conprises the steps
of : foram%egc%f"?e%]&g § g5t ifrdﬁnérf‘go%g%(io%ﬁegf’ﬁ a 25 surface of
the substratg Hichorbal s83bd #4990V QX ENESt shielBOWaAifd rLessgd POrti on
up to an air bearing surface; formng a first nmagnetic film
on an inner surfsaathird magnetic film formed on said secondkhield

gap film and having a portion which is oppésed to said

magnetoresistive £ilm via said second shield gap film;

and

10 at least two bonding pads formed on a side wall of
said substrate on a side from which a bearing air flow
exits, one of said bonding pads being connected to one
of said two conductors which is connected to one end
of the thin film coil and being provided above the

15 thin film coil such that a center of the relevant
bonding pad situates within a plane of a pattern
defined by the thin film coil.

According to the fourth aspect of the invention,

a method of manufacturing a hybrid type thin £ilm

20 magnetic head including a substrate having, an
inductive recording element formed on said substrate
and a magnetoresistive reading element formed on the
inductive recording element, comprises the steps of:

forming a recessed portion and a groove in a

25 surface of the substrate such that said groove extends
from said recessed portion up to an air bearing
surface;

forming a first magnetic film on an inner surface
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of said recessed portion and on an inner surface of sai d groove of the

substrat e; etching a part of said first magnetic filmfornmed

on the inner surface of said groove to forma pole 5 portion within the
groove such that a surface |evel of the pole portion of the first
magnetic filmw thin the groove ts3lower than a surface |evel of the
substrate I n which said groove is forned so that a step is f or med
bet ween these surfaces; 10 forming athin filmcoil having a
plurality of conductive coil turns within said recessed portion

such that said conductive coil turns are isolated from each ot her by
means of a first insulating filmforned within said recessed portion;
15 T or MGl dapedss SLEBEBIRN oh oK BIINGL | nABLELIRlFace 0PN SaId
insulating filmformed in said recessed portion an sa|§ pol e portion
of the firstsaimhmtaeve of themssibeitrshat; the gap fil mincludes a step
corresponding to said step of the first magnetic film 20 formng a

second magnet i c SEGRH aPIryaplif prAd firsduatpanetiecafilvefomthedagnet i c
filmincludes ortion const.ituted by a protrusion _which is

ol e
f or med Wt |%1¥39%Fg?§558c§n8 i $AFHERPYS €2 OBl @ pedS on of
the firss magRgtidh fyhd harfal fi 5 rtion which is
magnetical |y codbleabw?%ﬁhsgﬁg gf%?&e édg%ﬂgﬁmai% ?P?%ng &ﬁ%%g) renot e
fromsaid pthe poleaséioion of the ffididd Mhaghdtist rehineld tgam fiddn on
sai d second ] - 32 - magneti c
filmat | eagrogven goridwarnthant he sumface level of the substrate

in which said groove is formed so that a step is

formed between these surfaces;

10 forming a thin film coil having a plurality of
conductive coil turns within said recessed portion
such that said conductive coil turns are isolated from
~each other by means of a first insulating film formed
within said recessed portion;

15 forming a gap film made of a non-magnetic material
on said insulating film formed in said recessed
portion and said pole portion of the first magnetic
film such that the gap film includes a step
corresponding to said step of the first magnetic film;

20 forming a second magnetic film on said gap film
such that said second magnetic film includes a pole
portion constituted by a protrusion which is formed
within said groove and is opposed to said pole portion
of the first magnetic film via said gap film and a

25 portion which is magnetically coupled with said first
magnetic film at position remote from said pole
portion;

forming a first shield gap film on said second



beari ng surface; form ng a magnetoresistive filmon said first
shield gap film 5 formng a second shield gap filmon the
magnetoresi stive filmand first shield gap film formng athird
magnetic filmon said second shield gap filmat |east at a portion

whi ch is opposed to said nagnet oreSi2stdive filmvia said second shield
10 gap film formng a second insulating filmon said third
magnetic filmand second shield gap film formng first and second
pairs of conductors, said first pair of conductors being connected to
respective 15 ends of said thin filmcoil through via holes forned in
said second insulating filmand said second pair of conductors bei ng

connect ed t%&&ﬁ@é%' ‘f?lﬁnn‘i% Ao at a FB?E&‘%hOh"e%x'xStﬂH@ ditm by means of
via holes forned in sald second Insulating film and form ng

first and seseading sardbceondi ng pads on said second |nsulat|ng film
said first pair of bondi ng pads being connected to said first pair of
conductors, sai dfetwmbnd paagoktivares it paestbbinngn saidk dimated to said
second pair of C£gductors and one 25 of said first pair of bonding pads
bei ng for mecSREGAS 93P ERAMia center of the rel evant bondi ng pad situates

Wi thin agplane ofofnpAlt 87 BelBHd Wi 844! Bl il bhMene  ©O1 -

magnetoresistive film and first shield gap film;
forming a third magnetic £ilm on said second
shield gap film at least at a portion which is opposed
to said magnetoresistive film via saidzéecond shield
10 gap film;
forming a second iﬁsulating film on said third
magnetic film and second shield gap £ilm;
forming first and second pairs of conductors, said
first pair of conductors being connected to respective
15 ends of said thin film coil through via holes formed
in said second insulating film and said second pair of
conductors being connected to respective ends of said
magnetoresistive f£ilm by means of via holes formed in
said second insulating film; and
20 forming first and second pairs of bonding pads on
said second insulating film, said first pair of
bonding pads being connected to said first pair of
conductors, said second pair of bonding pads being
connected to said second pair of conductors, and one
25 of said first pair of bonding pads being formed suéh
that a center of the relevant bonding pad situates
within a plane of a pattern defined by said thin film

coil.



According to the fourth aspect of.the invention, a met hod of

manuf acturing a hybrid type thin film magneti ¢ head including a
substrate havi ng, an i nductive recording elenent forned on said
substrate, 5 and a magnetoresistive reading elenent forned on the

I nductive recording el enment conprises t3ge steps of: formng a
recessed portion in a surface of the substrat e; formng a
first magnetic filmon an inner surface 10 of said recessed portion and
on said surface of the substrate such that the first magnetic film has
a pole portion which extends from said recessed portion up to an
air bearing surface; formng athin filmcoil having a plurality

of 15 CO“dPCtive.$8%Er&Hh Sﬁﬁtéﬂé‘ﬁéﬁftﬁeggﬁéﬁﬂ

'hoé‘ 'nvenéi‘é}{ﬂ t hat
sai d conductive coi urns dr e suppor Sol ated b
supporting §”4nééﬁbatb@gmaﬁﬁﬁégﬂﬂﬁhng a ﬁybEhBQ&W%%\Mﬂihrfﬁﬁmd recessed

portion, a surface | evel said coil supporting and isol ating
i nsul ati ng maanehﬂdnﬂuadmpnmﬂu&igbea shbis ta st fleceihgyeanof the pol e
portion of the first magnetic film form ng an inorganic

i nsul ating #RArcsdveainpcordingheleaeat Saranqshian peridoaubstrpsenirst

magnet i filmand said coil|l supportin nd isol ati I nsul |ng 25

fitm 5 and p Padheih e i abt uanF BaPHON ATSRPTY | FPE00R Diat

surface of sabdcRIVe RUIARAL LPEmbhESLAHINELS the sERPE bE:exPosed
forming a recessed portion in a surface of the

substrate;

forming a first magnetic film on an inner surface
10 of said recessed portion and on said surface of the
substrate such that the first magnetic film has a pole
portion which extends from said recessed portion up to
‘an air bearing surface;
forming a thin film coil having a plurality of
15 conductive coil turns within said recessed portion
such that said conductive coll turns are supported and
isolated by a coil supporting and isolating insulating
film formed within said recessed portion, a surface
level of said coil supporting and isolating insulating
20 film being not higher than a surface level '‘of the pole
portion of the first magnetic film;
forming an inorganic insulating f£film on said
substrate, said pole portion of the first magnetic
film and said coil supporting and isolating insulating
25 film;
etching said inorganic insulating f£ilm such that a
surface of said pole portion of the first magnetic

film is exposed;
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et ching said exposed surface of the pole portion - of the first magnetic
filmsuch that a surface |evel of the pole portion of the first
magnetic filmis | ower than a surface |level of the inorganic filmso
as 5 to forma groove; formng a gap fil mmade of a non-nmagnetic
mat eri al on said inorganic insulatgag-filmand on said pole

portion of the first magnetic filmw thin said groove; formng a
second magnetic filmon said gap film 10 such that said second magnetic
filmincludes a pole portion constituted by a protrusion which

proj ects into said groove and is opposed to said pole portion of
the first nagnetic filmvia said gap film and a portion which is

magnetically cou d wth said first n ilm t a position renote
from said pol e é£€hb t?%ﬁa exposed %%ﬁﬁ%%%)%.f???tpg |eP8%§ﬁ?%|ln1on
sai d second ,¢ th&ﬁﬁﬂfétcmébﬁ@6¥b|f¥¥ﬁ AlcR PRAEI Anshedaddia &ldl

beari ng surface; formng a magnetoresistive filmon said first
shield gap fof nthe pole pok@idnn® f t36s ot $bi phdneapcf ifimoni d he
magnetoresistive filmand first shield gap film formng a third

magnetic fil¥ower sthansacongdfaze deweld efiptihel anargesdst fhtlm gorason

whi ch is_opp os g to said nagnetoresistive filmvia said second shield
gap filnp OrmtJrd¥RGV&isecond insulating filmon said third
- 35 - ABGRELE Caf P 299 S G S £ 9093Rabhb Wi ¢ material

on said inorganic insulating film and on said pole
portion of the first magnetic £ilm with@n said groove;
forming a second magnetic film on ééid gap f£ilm
10 such that said second magnetic film includes a pole
portion constituted by a protrusion which projects
into said groove and is opposed to said pole portion
~of the first magnetic film via said gap film, and a
portion which is magnetically coupled with said first
15 magnetic film at a position remote from said pole
portion;
forming a first shield gap film on said second
magnetic film at least at a portion near the air
bearing surface;
20 forming a magnetoresistive film on said first
shield gap f£ilm;
forming a second shield gap film on the
magnetoresistive f£ilm and first shield gap £ilm;
forming a third magnetic film on said second
25 shield gap film at least at a portion which is opposed
to said magnetoresistive film via said second shield
gap film;

forming a second insulating f£ilm on said third



formng first and second pairs of conductors, said first pair of
conductors being connected to respective ends of said thin film coi
through via holes formed 5 in said second insulating filmand said second
pair of conductors being connected to respective ends of said

magnet oresi stive filmby means of via hbbes fornmed in sai d second
insulating film and formng first and second pairs of bonding
pads on 10 said second insulating film said first pair of bondi ng
pads bei ng connected to said first pair of conductors, said second
pai r of bondi ng pads being connected to said second pair of
conductors, and one of said first pair of bondi ng pads being forned

such 15 thalaheS of i Bh 4he LebemaniHINA nghpagi sht uat es within a
pl ane of a pattern defined by said thin film coi l .

Accordi ng to the&okminich fBigpectand séeohdveatiiren,of conduaetdhsd ehid
manuf acturing a hybrid type thin film 20 nagnetic head including a
substrate h&winsf reir of ¢eaductersr bedmd rePrReatErt for Fegrseisiare

bstrate, t LSti di | h
nduct ve r 86Ty TEReTELBoRpR Bo I RA BRLS op 8 hol8s Fougikd 10 o
recesseds POLL QL id) fo i ashstl sting 2 1HARAES second A 2

first_nagnetlc fiTmon an i nner sur sal recessed portion and
on said surfgeRhitd€ beingSdbaheat@ds ﬁé@%%«t:bevfai esdsmagneddid fi | m has

a pole magnetoresistive film by means 6f via holes formed in
said second insulating film; and
forming first and second pairs of 5;nding pads on
10 said second insulating £ilm, said first pair of
bonding pads being connected to said first pair of
conductorsg, said second pair of bonding pads being
connected to said second pair of cdnductors, and one
.of said first pair of bonding pads being formed such
15 that a center of the relevant bonding pad situates
within a plane of a pattern defined by said thin film
coil.
According to the fourth aspect of the invention,
a method of manufacturing a hybrid type thin film
20 magnetic head including a substrate having, an
inductive recording element formed on said substrate}
and é magnetoresistive reading element formed on the
inductive recording element comprises the steps of:
forming a recessed portion in a surface of the
25 substrate;.
forming a first magnetic film on an inner surface
of said recessed portion and on said surface of the

substrate such that the first magnetic'film has a pole



portion which extends from said recessed portion up to an air bearing
surface; formng a netal filmat |east on said pole portion

of the first magnetic film said nmetal filmbeing made 5 of a netal which
has an etching property different fromthat of the first nmagnetic
film formng a thin filmcaeil3daving a plurality of

conductive coil turns within said recessed portion such that said
conductive coil turns are supported and 10 isolated by a coil supporting
and insulating film formed within said recessed portion, a surface

| evel of said coil supporting and isolating insulating film bei ng
| ower than a surface level of the netal film formng an inorganic

' | at i film, id b is | _fi h I '
of the 0 eprFath e SrEtRal Bken 3 Pt RaFuAE 88 B0l L1

insul ating Gl Wir bearing S&&PERgesai d inorganic insulating filmsuch that
a surface of said netal filmis exposed; 20 sel ectively etching

said netal fil mfbemdxeose ndteal filmuataleaeft tdie sxi® Ppoléiporafionhe first
magnetic film such that a surface level of the pole portion of the
first nmagnepifc thid fRixrst goronehin §fidmnf sedd avetabffilm behpng madsani ¢

oul 10 bl S LS N3 R0 e om0 B BB 0, o
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- 37 - forming a thin film coil having a plurality of

conductive colil turns within said;recesged portion

such that said conductive coil turns are supported and

10 isolated.by a coil supporting and insulating film
formed within said recessed portion, a surface level
of said coil supporting and isolating insulating film

‘being lower than a surface level of the metal film;
forming an inorganic insﬁlating film on said

15 substrate, said metal film on the pole portion of the
first magnetic film and said doil supporting and
isolating insulating film;

etching said inorganic insulating film such that a
surface of said metal film is exposed;

20 selectively etching said metal £ilm to expose the
surface of the pole portion of the first magnetic f£ilm
such that a surface level of the pole portion of the
first magnetic film is lower than a surface level of
the inorganic insulating film so as to form a groove;

25 forming a gap film made of a non-magnetic material
on said inorganic insulating film and on said pole

‘portion of the first magnetic film within said groove;

forming a second magnetic film on said gap film



such that said second magnetic filmincludes a pole

portion
constituted by a protrusion which projects into said groove and is
opposed to said pole portion of the first magnetic filmvia said gap
film and a 5 portion which is nmagnetically coupled with said first
magnetic filmat a position renote fronggaid pole portion.
formng a first shield gap filmon said second magnetic filmat |east
at a portion near the air 10 bearing surface; formng a
magnetoresistive filmon said first shield gap film form ng
a second shield gap filmon the magnetoresi stive filmand first shield
gap film 15 formng a third magnetic filmon said second shield

Tagnet or eol SHGE T SEL0s HELe: AT B deiin 1pgitfieine pole
forming a sggond: LnsubAbEagubiddmap 3 ihhs foROuRued:io fddea and second

shield gap film mng fir and second pairs of” conductors,
said f i35t o Podid O re6Kkeuend SidaigitbLednest 8d ik pods g tvEon ends
of said thin filmecoil through via holes forned In said second

i nsul ating fof thedfsnstl wegoetimifilegd vid sandugapr £ide nrcbmmect ed to
respective ends of saj magnet or esj stive falg?g% neans, of _via hol es
cqpgled wi

d .
formed iR POT&hPR WBiGhd iFnSAS N th §%di Wt rst and
second pa'r%m££nQQPQ'E91E?Q% %Pposition remote from said pole - 38 -

portion.
forming a first shield gap film on said second
magnetic film at least at a portion near the air

10 bearing surface;

forming a magnetoresistive film on sgaid first
shield gap film;

forming a second shield gap film on the
magnetoresistive film and first shield gap £ilm;

15 forming a third magnetic f£ilm on said second
shield gap film at least at a'portion which is opposed
to said magnetoresistive film via said second shield
gap film;

forming a second insulating film on said third
20 magnetic film and second shield gap film;
forming first and second pairs of conductors, said
first pair of conductors being connected to respective
ends of said thin film coil through via holes formed
in said second insulating film and said second pair of

25 conductors being connected to respective ends of said
magnetoresistive f£ilm by means of via holes formed in
said second insulating film; and

forming first and second pairs of bonding pads on



sai d second

insulating film said first pair of - bondTné pads being

connected to said first pair of conductors, said second pair of

bondi ng pads
one 5 of s
center of th
pattern defi

magneti ¢ head according to the 10 fourth aspect of the invention, al
above mentioned nerits of the thin filmmagnetic heads

to the above

i nventi on can be attai ned.

Drawi ngs 15
enbodi nent o
aspect of th
Il lustrating
20 an enlarg
al ong a

bei ng connected to said second pair of conductors,

e rel evant bonding pad situafes within a plane of a

and
aid first pair of bondi ng pads being fornmed such that a

ned by said thin film col | . In the thin film

mentioned first, second and third aspects of the
Brief Description of the

i Fig.. 1 is a cross_sectiqgnal_ view show ng a
paffe sEroRd A weyhtegcfhémd said afc’dbﬁ"%ii?@l¥o°ghe first

t he

accordi ng

first

e SERORT 14 hidd sa othe fi
BgndiSY gits feing CAPROFEPR Aiymaid MosCohOuA TF Fig. 1 on

Le. _ : . . o
Eﬁnaﬁ%§§§%q1ﬁgiﬁ %Fcoﬁagpa§r'%faéﬁggfﬁ%%ﬁgéggzgglﬁ ew cu

I he

t

ar Cross

sectional viesnaedted tplsuidiesconaspadl v el tgrs, f andt oslep of the
f manufacturing the thin filmmagnetic head shown in Figs.

25 nmethod o
1-3; 5
successive s

10

of safigfirmptiPpaie efobonddvy mesls Walrg formefl| guchat i ng

%ﬁg% %féég%ggﬂé%x%he relevant bonding pad situates
within a plane of a pattern defined by said thin f£ilm
coil. 3

In the thin film magnetic head éccording to the
fourth aspect of the invention, all the above '

mentioned merits of the thin £ilm magnetic heads

according to the above mentioned first, second and

. third aspects of the invention can be attained.

15

20

25

Brief T s £ the T .

Fig. 1 is a cross sectional view showing a
first embodiment of the thin film magnetic head
according to the first aspect of the invention;

Fig. 2 is a cross sectional view illustrating a
part of the thin film magnetic head shown in Fig. 1 on
an enlarged scale;

Fig. 3 is a cross sectional view cut along a
line 3-3 in Fig. 2;

Figs. 4A and 4B are cross sectional view and
plan view, respectively showing a first step of the
method of manufacturing the thin £ilm magnetic head
shown in Figs. 1-3;

Figs. 5~19 are cross sectional views

illustrating successive steps of the method;

39 -
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Fig. 20 is a cross sectional view depicting a " second enbodi nent of the

hybrid type thin film magneti ¢ head according to the second aspect of
t he i nvention; 5 Figs. 21-35 are cross sectional views

il lustrating successive steps for manufacturing the hybrid type thin
fil mmagnetic head 'shown in Fig. 20; Fig. 36 is a cross
sectional view show ng a first eﬁb%giﬁent of the thin filmnmagnetic
head 10 according to the second aspect of the invention; Fi g.
37 is a cross sectional view depicting a part of the magnetic head on
an enl arged scal e; Fig. 38 is a cross sectional view cut al ong
a line 38-38 in Fig. 37; 15 Figs. 39-54 are cross sectionals
vi ews showi ng successive steps for manufacturing the thin film

magneti ¢ head shownFiig .Fi2ds.i86a 38ross sectionalFiyiew5lépiatingse
sectional view il]ustrat] nd enbodi nent ,of the magnetic head

accor di ng t5693?4rﬁﬂ%%ééagnﬁsBéc%héfigﬁgﬁdnﬁﬁﬁﬁoﬁPln film Fig. 56 is
B gs. 57 71 mamre He Meg: pBraPdiR o iy PSR alpEsith Wtps of an
enbodi nent  gfnddie {1k hod of 25 manufacturing the magnetic head illustrated
I n Figs. 55 and 56; Figs. 72-86 are cross sectional views
il lustrabi ng succesFiys .stXps3Hf anaotbesserieediiraml ofiews
- 40 - illustrating successive steps for manufacturing the
hybrid type thin £ilm magnetic head shown in Fig. 20;
Fig. 36 is a cross sectional view showing a
first embodiment of the thin film magnééic head
10 according to the second aspect of the invention;
Fig. 37 is a cross sectional view depicting a
part of the magnetic head on an enlarged scale;
Fig. 38 is a cross sectional view cut along a
line 38-38 in Fig. 37;
15 Figs. 39-54 are cross sectionals views showing
successive steps for manufacturing the thin film
magnetic head shown in Figs. 36-38;
Fig. 55 is a cross sectional view illustrating
a second embodiment of the magnetic head according to
20 the second aspect of the invention;
Fig. 56 is a cross seétional view cut along a
line 56-56 in Fig. 55;
Figs. 57-71 are cross sectional views showing
successive steps of an embodiment of the method of
25 manufacturing the magnetic head illustrated in
Figs. 55 and 56;
Figs. 72-86 are cross sectional views

illustrating successive steps of another embodiment of
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t-he net hod of manufacturing the nmagnetic head of Figs. 55 and 56;
Fig. 87 is a cross sectional view depicting a third enbodi ment of the
magneti ¢ head according to the 5 second aspect of the invention;

Fig. 88 is a cross sectional view cut along a line 838-88 in Fig. 87;
Figs. 89-97 are cross sectional views sfyw ng successi ve steps of an
entodi nent of the nethod of 10 nmanufacturing the nmagnetic head shown in
Figs. 87 and 88; Fig. 98 is a cross sectional view
illustrating a fourth enbodi nent of the nmagnetic head according to

t he second aspect of the invention; 15 Fig. 99 is a cross
sectional view cut along a line 99-99 in Fig. 98; Fi gs.
100- 108 are gcross sectiaonal views . _depjcting sugcessive sieps of the
method of - Che RERBOML(U | RETRHEGHEHERS CHESOREN G MaAGOL 08 and | 20

99; . Fi-g. | S, a cross sectional viewillustrating a
fifth enbod?ﬁgﬁf gg f%gﬁégghetic head according to t he second aspect

of the present invepiyong7 is a cross F8cti1dfals view Supicatingnal view
showi ng an 25 enbodi nent of the magnetic head according to the third

aspect of thbirdvemkicgliment of the mBggetlkl head acossdiegt tondhevi ew
Illustrating a part of the magneti¢ head shown in Fig. 110 on an
- 41 - 5 second aspect of the invention;

Fig. 88 is a cross sectional view cut along a
line 88-88 in Fig. 87;

Figs. 89-97 are cross sectionalvviews showing
successive steps of an embodiment of tﬂe method of

10 manufacturing the magnetic head shown in Figs. 87 and
88; |
Fig. 98 is a cross sectional view illustrating
.a fourth embodiment of the magnetic head according to
the second aspect of the invention;
15 Fig. 99 is a cross sectional view cut along a
line 99-99 in Fig. 98;

Figs. 100-108 are cross sectional views
depicting successive steps of the method of
manufacturing the magnetic head shown in Figs. 98 and

20 99; |

Fig. 109 is a cross sectional view illustrating
a fifth embodiment of the magnetic head according to
the second aspect of the present invention;

Fig. 110 is a cross sectional view showing an

25 embodiment of the magnetic head according to the third:
aspect of the invention;

Fig. 111 is a cross sectional view illustrating

a part of the magnetic head shown in Fig. 110 on an



enl arged scal e; Fig. 112 is a cross sectional view cut along a

line 112-112 in Fig. 111; Fig. 113 is a perspective view
showi ng the 5 whole nagnetic head of the present enbodi nent;

Fig. 114 is a plan view depicting a positional relati on of the bonding
pad with respect to the thin filmgpil, Figs. 115-119 are
cross sectional views showing 10 successive steps of an enbodi nent of the
nmet hod of manuf acturing the magnetic head illustrated in Fi gs.
110- 114 according to the third aspect of the i nventi on;

Fig. 120 is a perspective view showng a first 15 enbodi nent of the
magneti ¢ head according to the fourth aspect of the present invention;
Fig. 121 is a cross sectjonal view show ng the magneti ¢ head of the
present enb&d Lagged Scai$ 120 on an enlarged scale; 20 Fig. 122

7 50 SO oy ) ross RSl 4R alpg PO

secti onal vu@ﬁénglzdppg £n FlglqullZS 123 in Fig. 122; 25 Fi g.
124 is a plan viewillustrating a posi ti onal relatlonshlp bet ween t he

bondi ng pad and Fighe 118 nid id npevspective view shdwisg B8 and 126 are
cross SeCtiagﬂlénégghetic head of the present embodiment;- 4z -
Fig. 114 is a plan view depicting a positiomnal
relation of the bonding pad with respect to the thin
£ilm coil;
Figs. 115-119 are cross sectionél views showing

10 successive steps of an embodiment of the method of
manufacturing the magnetic head illustrated in
Figs. 110-114 according to the third aspect of the
invention;

Fig.'120 is a perspective view showing a first

15 embodiment of the magnetic head according to the
fourth aspect of the present invention;

Fig. 121 is a cross sectional view showing the
magnetic head of the present embodiment;
Fig. 120 on an enlarged scale;

20 Fig. 122 ig a cross sectional view showing a
part of the magnetic head of Fig. Fig. 121 on an
enlarged scalef

Fig. 123 is a cross sectional view cut along a
line 123-123 in Fig. 122;

25 Fig. 124 is a plan view illustrating a

positional relationship between the bonding pad and

.the thin film coil;

Figs. 125 and 126 are cross sectional views
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depicting a second enbodi nent of the magnetic head according to the

fourth aspect of the invention; Figs. 127 and 128 are cross
sectional views showing a third enbodi nent of the nagnetic head 5
according to the fourth aspect of the invention; Figs. 129 and
130 are cross sectional views ilLlughrating a second enbodi ment of the
magneti ¢ head according to the fourth aspect of the invention; and
Fig. 131 is a cross sectional view showing a 10 fifth enbodi ment of the
magneti c head according to the fourth aspect of the invention.
Description of the Preferred Enbodi nents Now t he present

i nvention will be explained in detail with reference to the

acconpanyi ng, drawings. 15 It _shoul d .be noted that in these_ draw ngs,
di mensi ons %EP1Qﬁlé%n?o%§CBBQ¢F %&FQRﬁ %ngEEpHﬁgnF61§bﬁ£§aM_

d! Mensi on f%rcc,toqedl etcg)f Fﬁ%argbhfyrthF%rs%Eeéméf’ Fhe inven%lilone-nbOdI ments,
simlar portions are denote y the re

sane érence nunerdls as far as

possible. 20 Figd 9S127-ah@r €287 988 %ﬁ@éf@écﬂigﬂﬁlsbﬂwag a
ea

first enbodi ment of the thin filmnmagnetic according to the first

aspect of thaowitenta ovhifdi embodimeagneif ctieadagaetdrstreact ed as t he
I nverted hybrid type thin fil mmagnetic head conprising a substrate 1,

25 an i nfluctdarording diagtbpefonrth asmrek opft hee invenfdemiate, and a

rmanet orest st ive,\eql s S ATMA%3q ekORlBhe G HRC bRe oo o S
- 43 - illustrating a second embodiment of the magnetic head
according to the fourth aspect of the invention; and
Fig. 131 is a cross sectional v;ew showing a

10 fifth embodiment of the magnetic head according to the

fourth aspect of the invention.
Description of the Preferred Embodiments

Now the present invention will be explained in
detail with reference to the accompanying drawings.

15 It should be noted that in these drawings, dimensions
of various portions do not correspond to actual
dimension for the sake of clarity. Furthermore, in
all embodiments, similar portions are denoted by the
same reference numerals as far as possible.

20 Figs. 1-3 are cross sectional views showing a
first embodiment of the thin film magnetic head
according to the first aspect of the invention. This
magnetic head is constructed as the inverted hybrid
Eype thin film magnetic head comprising a substrate 1,

25 an inductive recording element 2 formed on the
substrate, and a magnetoresistive reading element 3
formed on the inductive recording element 2.

A reference numeral 4 denotes a third magnetic film .
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serving as a top shield for the MR el enment 3, and a ref erence nunera

10 represents an air bearing surface which is to be opposed to a
magneti c record nedi um with an extrenely thin bearing air |ayer. 5
The substrate 1 constitutes a slider and i ncludes a main body 11 nade
of, for instance Al[err]Jerr]TiC -(&A8TC) and an insulating film 12
applied on the main body and made of, for instance alum na
(Alferr]err]) or Sigerr]. In a surface of the insulating film 12,
there is 10 forned a recessed or depressed portion 13. The

insulating film212 has a thickness within a range of, for instance
5-10 [err]mand the recessed portion 13 has a depth of within a range

of, for instang& 3; rr] The. recessed rtion 1 y be forned by,
for instance an %E'gs él%né bEer% g?éﬁl‘lgg fgjtfch%é% @g ?%ﬁm?ﬁ"gl ﬁg.a_n%A&o_rdi ng to
the first aspeterdnddenhfideali 90, raprARRHPNWE Qir beariBf REUSldye

recording elenment 2 is substantially determ ned by an inclination
angl e of a swhdalmlis dfo be oppesedcessed mpyriéoic 18ecard hlds uihe recessed
portion 20 is fornmed such that its side wall has an inclination angl e

cor r espondi n¥ittd ArHexreemabexthiyl beamimdeair layeams will be expl ai ned
| at er, edge 132 o& t he orrtion 13 near_the air bearing

an recessed
surface 19 serv_getﬁwgﬁﬁﬁQQ%ni %pﬁggFFPGﬁﬁ Q@ﬁ¥%49ﬁxﬁﬁ?r 25
defining a t H&Muﬁ @tm%ﬂu obogpe G VSe I eEQL diﬂgtanﬁﬁgﬁélgggﬂlfql m 22

! . 14N
The inductive rec ng el ement conprises & frrst
serving as a (BATE) M@, a® iAsA14kEiNg film 12 applied on the main

had body and made of, for instance alumina (Al,0,) or Sio,.
In a surface of the insulating film 12;:there is
10 formed a recessed or depressed portion 13. The
insulating film 12 has a thickness within a range of,
for instance 5-10 um and the recessed portion 13 has a

_ deptﬁ of within a range of, for instance 3-5 um. The

recessed portion 13 may be formed by, for instance an

15 ion beam etching such as an ion milling. According to
the first aspect of the invention, an apex angle of
the inductive recoraing element 2 is substantially
determined by an inclination angle of a side wall of
the recessed portion 13, and thus the recessed portion

20 is formed such that its.side wall has an inclination
angle corresponding to a desired apex angle. Further,
as will be explained later, an edge 132 of the
recessed portion 13 near the air bearing surface 10
serves to constitute a positional reference for

25 defining a throat height TH of the inductive recording
element.
The inductive recording element 2 comprises a first

magnetic film 22 serving as a bottom pole, a thin film
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coil fornmed by two coil turn layers 241 and 242, an ‘coi |l supporting

and isolating insulating film 25 which supports and isol ates
conductive coil turns from each other, a gap film22 and a second
magnetic film23 5 serving as a top pole. The first and second nagnetic
films 21 and 23 may be made of, for insjance permall oy or ferrite
havi ng a high saturation nmagnetic flux density. The first nmagnetic
film21 has a portion applied on an inner surface 113 of the recessed
10 portion 13 and a pole portion 211 applied on the surface of the
substrate 1 and extending fromthe portion applied on the inner
surface of the recessed portion. Therefore, the first magnetic film

21 i ncl udes rather clear cQrner or pattern ge 21 t 15 a
transition té&?ﬁ%&ﬁ?%nt%ﬁpFPé SHIh L A¥RTES 2£f agérgége P of the
recessed portj.gn . ri] I er 10 of
the first’ coidl shbrdhi i PRhE 101oR3idd hSiae 18 BE1A00R, SRt

recessed poiiipgpbrdss ardd isolatesT@en@Ridtiivl Ncddyetradl fach ¥&mare nade
of , for instance Cu, and are supported by the coil supporting and

i sol ating i osheat,i rg dap nf2tm 2R theél a sequmedamageebodi 8Am 23he thin film
coil is formed hy the two coil turn |ayers 241 and 242, but it may be
25 forned BEFIFhPe *oFPPtRPAS-ayEReofiFsite athreeGRNd magpgtict urn

| ayers.

such as al urﬁ%‘?‘é“s( Aa][-(Ia-?t}?‘?ﬁr%‘%’ﬁgi2aial?rern%dé’ngg%?h?r?%{éggggege%mal1°yrrat erial
- 45 - or fSUNSAMAM LY HNhhGH LAt EKESSn WahghBLa & F% Of . for
dengity. The first magnetic film 21 has a portion
applied on an inner surface 113 of the }ecessed

10 portion 13 and a pole portion 211 applied on the
surface of the substrate 1 and extending from the
portion applied on the inner surface of the recessed
.portion. Therefore, the first magnetic film 21
includes a rather clear corner or pattern edge 210 at

15 a transition from the portion_applied on the inner
surface 113 of the recessed portion 13 to the pole
pertion 211. The pattern edge 210 of the first
magnetic film 21 corresponds to the edge 132 of the
recessed portion 13.

20 The coil turn layers 241 and 242 are made of,
for instance Cu, and are supported by the coil
supporting and isolating insulating film 25. In the
present embodiment, the thin film coil is formed by
the two coil turn lavers 241 and 242, but it may be

25 formed by a single coil turn layer or more than two
coil turn layers.

The gap film 22 is made of a non-magnetic

material such as alumina (Al,0,), Si0, and SiN, has a
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i nst anee 1000- 2000 A, and is applied on the pole portion 211 of the
first magnetic film21 and the coil supporting and isolating
insulating film25. The 5 second magnetic film23 is applied on the gap
film 22 and has a pole portion 231 which is opposed to the pol e
portion 211 of the first magnetic film 25 via the gap film 22. The
second magnetic film 23 has further a portion 232 which is applied on
a projection or 10 island 14 of the insulating film212 forned at a center
of the recessed portion 13. The portion 232 of the second magnetic
film23 is magnetically coupled with the first magnetic film21 at the
I sland 14 which is renote fromthe pole portion 231..In this manner,

the 15 firshbaRdntaeand, MRANEsHE EhliBRnekARA A3 £ 0ASEAAYECOR, for
magnetic circuit. It should be noted that the second magnetic film 23

al so serves aasthadeotit(@0-shi®d dAf oand is e INRd eadi tigeepolrent 3.
The third magnetic film4 is made of a magnetic 20 naterial such as
permal | oy anBor&ient @ldnPf sthgpfizat magngidye i ML f anéh Bhei gotiHe

second shield gap |l.ayer 7.. . On.the.third nmagnetic film4 is applied a
protection Sugpgfrltr#’%.and isolatingrfpsydaty #*@“S#éckéﬁi%n t he second
magneti c ¢ 25 ' . e: Ll | €l fj . Fpd of
a non- magsnet Fgggh? é\%ég%ért{ggél %/ﬁ:;lnggl é%i r%g)br%}@earal%fg%e béglcglgg %?um’ na.
The MR el emeghd3hamy PoHJI1E HskOYon 231uwalcmm§®§§@gédzgsne}@r esistive

(AVR) film giant
pole portion 211 of the first magnetic film 21 via the
gap film 22. The second magnetic f£ilm 23 has further
a portion 232 which is applied on a pré}ection or
10 island 14 of the insulating film 12 formed at a center
of the recessed portion 13. The portion 232 of the
second magnetic film 23 is magnetically coupled with
.the first magnetic film 21 at the island 14 which is
remote from the pole portion 231. In this manner, the
15 first and second magnetic films 21 and 23 constitute a
magnetic circuit. It should be noted that the second
magnetic f£ilm 23 also serves as the bottom shield for
the MR reading element 3.
The third magnetic film 4 is made of a magnetic
20 material such as permalloy and ferrite and is épplied
above the MR film 3 wvia the second shield gap layer 7.
On the third magnetic film 4 is applied a protection
film 26.
The MR film 3 is stacked on the second magnetic
25 film 23 by means of the first shield gap film 6 made
of a non-magnetic and electrically insulating material
such as alumina. The MR element 3 may be formed by

usual anisotropic magnetoresistive (AMR) film, giant



magnet-oresi stive (GWR) filmor ferromagnetic tunnel junction film In

the present specification, such films are generally called MR filmfor
t he sake of sinplicity. The anisotropic MR filmis generally nade 5
of a ferromagnetic material such as N -Fe and Ni - Co. When t he
anisotropic MR filmis used, in order 4@ - i nprove a linearity of a
detection signal with respect to an input magnetic field, it is”’
preferable to apply a bias magnetic filed to the MRfilm For this 10
pur pose, there have been proposed a shut-bias nethod and a magnet - bi as
met hod. I n the shunt-bias nmethod, a bi asi ng conductor filmis provided
in the vicinity of the MR filmand a biasing current is supplied to

e - i SORSURLEE LELIQ eRare) o fub 851 B TRANGHIS {1 ShihnotS I

nagnet - bi a : _ il gnet genera : brasi'ng magnetic
field is proyhéedohn glie Vi ghniche YPresent { HSeMRE b ACCRRHEINY to the

I nvention, any one of t he above nenti oned bi asing net hods may be
utilized. filmsloaeeegenaraliey dralid edsMRsficAnbifax ntheresailsei sfnot 20
shown for the sake of singlicipy. . As the GWR film there have
been proposetmepifity. Bhebanisetraper MRt £iiw ip feReragrlandnadefi|m
Accordigg to_the_invention, .any one of_the may, be

GVR._f.i |
advant a eod%?yauFFFrfgﬁgnﬁﬁiqeﬁ??ﬁ@bﬁ%tF8%E2§%nﬁ#ﬂﬁgu?ﬁﬂt$bﬁ¥PrIn1has a
multiple | %énsiﬁlécra&&ri%oﬁ:fé:yogic al%lgrﬁt?liﬁ%gﬁﬁt LWadyerd hgetatbng

| ayer/ferronmagnetic _ i zes a tunneling effect appearing
In depgffesve wpAinedrity iye angbeeet idy eGigmdys with respect

AT to an input magnetic field, it is preferable to apply

a bias magnetic filed to the MR film. ﬁor this

10 purpose, there have been proposed a shut-bias method
and a magnet-bias method. In the shunt-bias method, a
biasing conductor film is provided in the wvicinity of
the MR film and a biasing current is supplied to the
conductor film to generate a biasing magnetic field.

15 In magnet-bias method, a thin film magnet generating a
biasing magnetic field is provided in the vicinity of
the MR f£ilm. According to the invention, any one of
the above mentioned biasing methods may be utilized.
However, in the drawings, such biasing means is not

20 shown for the sake of simplicity.

As the GMR film, there have been proposed spin
bulb f£ilm, super lattice film and granular f£ilm.
According to the invention, any one of these GMR films
may be advantageously utilized. The ferromagnetic

25 tunnel junction film has a multiple layer structure of
ferromagnetic layer/ insulating layer/ferromagnetic
layer, and utilizes a tunneling effect appearing in

dependence upon a relative angle of directions of



magneti zation of the two ferromagnetic | ayers. In the present
enbodi nent, the portion 232 of the second nagnetic film23 is
magneti cal ly coupl ed with the first nmagnetic film21 at the island 14
5 fornmed in the recessed portion 13. The conductive coil turns of the
| ayers 241 and 242 are wound around _ 47said island 14 in a spiral manner.
According to the-first aspect of the invention, the MR readi ng el enent
3 is provided on the inductive 10 recording elenent 2, and can be forned
after the i nductive recording el enment has been forned. Ther ef or e,
the MR reading element 3 can be effectively prevented from bei ng

af fected by the nanufacturing process for formng the inductive

recordi ng el enent 2. Even if the MR reading elenent 3 is forned
by then@qaerqwﬁ%h% af the &pyen flﬁmpmawtgepéw?asﬁuce film

and granular film en the GVR f.ilmJ for t uctive
recordi ng el enent ZW%h 3 Pres?nﬁuﬁﬁﬁgﬂ%ﬁﬁﬁsﬁré%ﬁé rég%ﬁ?eg a gatlng

treatment atp2Qd-digd %ééfﬁéﬁlb' gh 1kenperad %&gﬁéélésmyf eoi®d,ecand

thus the GWR filmis not Subjected to the thernal damage. In this
manner, it mAtglosshdl fitstfmagnehéc filmeEinedorekesisiandedd ng el ement
havi ng a hi gh and stable sensitivity. 25 The substrate 1 has

t he rece3sedogamad oin 18he recegpreld Por tiian sid f addhe eeR@RCLANE t he thin
TR R R IR MR RS
- 48 - said island 14 in a spiral manner.
According to the first aspect of the invention,
the MR reading element 3 is provided oﬂ the inductive
10 recording element 2, and can be formed after the
inductive recording element has been formed.
Therefore, the MR reading element 3 can be effectively
prevented from being affected by the manufacturing
process for forming the inductive recording element 2.
15 Even if the MR reading element 3 is formed by
the GMR film such as the spin bulb f£ilm, super lattice
film and granular film, when the GMR film is to be
formed, the inductive recording element 2 whose
manufacturing process requires a heating treatment at
20 a relatively high temperature has been formed, and
thus the GMR film is not subjected to the thermal
damage. In this manner, it is possible to form the
magnétoresistive reading element having a high and
stable sensitivity.
25 The substrate 1 has the recessed portion 13
formed in the surface thereof, and the thin film coil
layers 241 and 242 are formed within the recesses

portion such that respective conductive coil turns are



supported and isolated by the coil supporting and I sol ating insulating

film25. Therefore, the apex angl e of the coil supporting and

i solating insulating film25 is precisely determ ned by the

i nclination 5 angle of the side wall of the recessed portion 13, and

at the sanme tine, the throat height TH4sg determ ned with reference to
t he edge of the recessed portion. Therefore, the apex angle and throat
hei ght of the i nductive recording elenment 2 can be accurately 10

adj usted by controlling the configuration and depth of the recessed
portion 13. That is to say, since the first magnetic film

21 of the inductive recording elenment 2 is forned on the i nner surface

131 of the recessed portion 1 S 5 |l as.pn the surface aof the
substrate eﬁ?%ﬁ%ﬂé%f#n?ﬁé ls°§?%3dré¥éggﬁﬂ‘ﬁ%*fi%ﬁp?SﬁgFﬂgtﬁ@ ir bearing
surface 10, ; : fq ti | b 21has at n e 210 at

t he edge 13§nglait$r112% e%%%‘gégeggrat ifg%ml??g'The thr%égr&' &ﬁ%e?ggg TH can be

preci sely deingyle rnefl thé hcotlesappertitd arddi ssppatehyg edgalatdrgon
polishing a side wall| of . the substrate 1 to formthe air bearing
surface 10. film 25 is puedgabe}y desezwiinesddpyrthaginedinagiiam ng

I nsul ating %%k&kfﬁ%és made, Qf a Ehotoresist, and is .Subjected to a
heating ®re thecfibdpabald oFf the HRRRS98H[ BPEFESEh Iodénd o
obtain a pl aper r forging the Uty Il I ayers 241
and 242. L 5ﬁ%$ﬁ%ﬁﬁ iég gétfﬁﬁ %rocegéﬁu%vgﬁgi?ﬁtﬁg %%gfgﬁggﬂﬁi S
sof t ened or wiRlH .r&fdEEnéBeLE0itheS bR [Nt drecessed portion.

R Therefore, the apex angle and throat height of the

inductive recording element 2 can be aéburately

10 adjusted by controlling the configuration and depth
of the recessed portion 13.

That is to say, since the first magnetic film

21 of the inductive recording element 2 is formed on
the inner surface 131 of the recessed portion 13 as

15 well as on the surface of the substrate extending from
the recessed portion toward the air bearing surface 10,
the first magnetic film 21 has the pattern edge 210 at
the edge 132 of the recessed portion 13. The throat
height TH can be precisely determined with reference

20 to this pattern edge 210 upon polishing a side wall of
the substrate 1 to form the air bearing surface 10.

Usually, the coil supporting and isolating

insulating film 25 is made of a photoresist, and is
subjected to a heating treatment at a temperature of

25 about 250°C in order to obtain a planer surface for
forming the conductive coil turn layers 241 and 242.
During this heating process, even if the photoresist

is softened or melt, since the coil supporting and



l.solating insulating film25 is in the recessed portion 13, the

pattern of the coil supporting and Isolating insulating film25 is
fixed by the pattern of the recessed portion 13 and coul d not be
varied. 5 Mirreover, during the formati on of the conductive coil turn
layers 241 and 242, even if a mlling pfecess is carried out, the
pattern of the coil supporting and I sol ating insulating f|In125 I S not
change, but is fixed. Therefore, by form ng the recessed portion 13

10 to have a precisely controlled configuration and dept h, t he apex
angl e and throat height TH can be accurately adjusted to desired

val ues. The pole portion 211 of the first magnetic film 21

is formed on t flat surface, of the s%bstrate 1,. 15 and thus can be

formed al soifP 14§1%4ﬁ9%ﬁ$én%oﬁﬁiﬁn 5 1SZHH_EFetﬁ%CFFF§9 magnetic film
21, thershﬁégréiéga ag@ rf|| %hfg g QuﬁﬁbLe gétgkﬁﬁnessthgnd

on gap orme € po € por

second rragn%bqafellr{% ZﬁiSJhgffﬁQrfllfnhQS A0 fpesadsyi eaefﬁa%%ﬁi gh

frequency property eto non- pl aner surface of e first magnetic
filmlike asf thetﬁénemmeénponnabnhiﬁnahd)qmulalnotlbe1vagﬁefic head

in which the inductive_ recording elenment is formed on the MR reading
el ement .5 2Boreover, mrieynbhe, farpatdiary b the fanductdve edl

D anat {2119 Brocessyd s ey sS4 58, Ak o kst B procEagturi
applied on (88,64 SWPPOthéNattern of the coil supporting and - 50 -
isolating insulating film 25 is not change, but is

fixed. Therefore, by forming the reces;ed portion 13

10 to have a precisely controlled configuration and depth,
the apex angle and throat height TH can be accurately
adjusted to desired values.

The pole portion 211 of the first magnetic film
21 is formed on the flat surface of the substrate 1,

15 and thus can be formed also flat. On the pole portion
211 of the first magnetic film 21, there are formed
the gap f£film 22 having a uniform thickness, and on
this gap film, there is formed the pole portion 231 of
thersecond magnetic.film 23. Therefore, the

20 degradation of the high frequency property due to the
non-planer surface of the first magnetic f£ilm like as
the conventional hybrid type thin film magnetic head
in which the inductive recording element is formed on
the MR reading element.

25 Furthermore, according to the invention, the
planarizing process is not required, and therefore the
manufacturing process can be simplified and shortened.

The gap film 22 applied on the coil supporting



and isolating insulating film25 has a uniform t hi ckness, and
therefore the second magnetic film 23 can be easily and precisely
formed on a flat surface of the gap filmto have a desired pattern. 5
In the conventional hybrid type thin film magneti c head having the
i nductive recording el enent fornedégp_;he MR reading el enent, in the

e

vicinity of the pole portion, a la step'is forned due to the

configuration of the insulating filmsupporting and 10 isolating the coi
turn layers, and therefore it is difficult to formthe top pole
portion to have a precise pattern. It should be noted that said top
pol e portion has a | arge influence upon a recording characteristic.
Contrary to this, according to the 15 first aspect of the invention, the
second nmagneané isolatiing Ajsuukatbingofidn b bas @ amkietmce of the gap

fil 22, dih th | ti 231 be f d . to.
pLegLseI%?SgF%Fﬁiﬁgﬁgpgo %Hﬁ#ﬁ%@gﬁpgﬁﬁgFGEOH rﬂéﬂﬂ%ﬁ+® ghggggggristiﬁ
can be obt ai . . r o on the
Fhnc e obte bafl pROLARHY arth pidei G RBRRLA AR A0 Bl rALS

phot omask al bgngBBt gap film to hav8 &388s9krebOpEUIEADEe MR el ement 3, the
gap film22, second magnetic film23 and first shield gap 25 film®6

have beer® forned on Ihetpel eopoehitdroridll lnfbthd type thist fridgmetic film
21, but since these filns have smal I_ thicknesses, _the pattern edge 210
of the firstmagnefagnbend hiawang eha bederéivey racardingughempese
- 51 - formed on the MR reading element, in the vicinity of
the pole portion, a large step is formed due to the
configuration of the insulating £ilm sdpporting and
10 isolating the coil turn layers, and therefore it is
difficult to form the top pole portion to have a
precise pattern. It should be noted that said top
. pole portion has a large influence upon a recording
characteristic. Contrary to this, according to the
15 first aspect of the invention, the second magnetic
film 23 can be formed on the flat surface of the gap
film 22, and thus the pole portion 231 can be formed
to have a precisely determined pattern and a superior
recording characteristic can be obtained. Moreover,
20 the MR element 3 can be formed also on the flat
surface of the second magnetic film 23 with a precise
photomask alignment.
In case of forming the MR element 3, the gap
film 22, second magnetic film 23 and first shield gap
25 film 6 have been formed on the pole portion 211 of the
first magnetic film 21, but since these films have

.small thicknesses, the pattern edge 210 of the first

magnetic film 21 can be clearly seen through these



thin filnms. Therefore, a photomask for formng the MR el ement 3 can be
aligned in position with reference to the pattern edge 210 of the
first magnetic film 21. In this manner, the MR film3 can be fornmed at
a b5 precise position relative to the inductive recording el enent 2,
and a total balance of the hybrid type 51 - magnetic head can be inproved.
Now an enbodi nent of the nethod of manuf acturing the inverted hybrid
type thin film 10 nagnetic head illustrated in Figs. 1-3 will be

explained in detail with reference to Figs. 4-19. As shown in
Figs. 4A and 4B, on a main body 11 made of Al[err]Jerr]TiC (AT C,
an insulating film 12 nade of Alferr]Qerr] or Sigerr] is provided,

and a 1 ecessgifogtngR 13rnddertd OTashd Dol S ¥HEAGE A I A DS At i NG

film12. e"insulating film12 7 I'ckness

about 5-10 [e1&hBhtThe caeCass el Rpidd0inldoks them R th rd¥erbAkel RSt ance
an ion mlling such that the recessed portion has desired

confi gur at i obhangatiéphn, didgenid® oR0thef fulristh mayneatpiex fihhe2and t hr oat
hei ght can be . precisely forned as_expl ai ned above. For instance, an

i ncli nati on BAgreist mepeerecddiediPofiiBn31gaakpepdormed caht fol | ed by
adjustin% et chi condi t.i.ans. of _the substrate 1 in the

| h f f
vi ci ni ty “of %’ﬁe‘g??e pes iR rirgerbs%Ff\é%etﬂhi%g‘% %%%}ucotele%rﬂ%caorgggg, t here

s for ngflefleft0Y e aby aﬂﬂétag:l'. OBy Eahsel CheR !Slﬂ)%&eﬁﬁ.‘ tgpe4A Fig. 5

whi ch a cross sectional view cut ong a line In Fi
Accordi ng t omhfheteabbdiatedan doav tibroved.

S %% Now an embodiment of the method of
manufacturing the inverted hybrid type:thin £ilm
10 magnetic head illustrated in Figs. 1-3 will be
explained in detail with reference to Figs. 4-19.
As shown in Figs. 4A and 4B, on a main body 11
- made of Al,0,TiC (AlTiC), an insulating film 12 made of
Al,0; or SiO, is provided, and a recessed portion 13
15 1is formed in the surface of the insulating £ilm 12.
The insulating film 12 is formed to have a thickness
of about 5-10 um. The recessed portion 13 is formed
by, for instance an ion milling such that the recessed
portion has desired configuration and depth, by means
20 of which the apex angle and throat height can be
precisely formed as explained above. For instance, an
inclination angle of the recessed portion 13 can be
'controlled by adjusting etching conditions. In the
surface of the substrate 1 in the vicinity of an air
25 Dbearing surface which will be formed later, there is
formed a groove 15. This groove 15 is clearly seen in
Fig. 5 which a cross sectional view cut along a line

5-5 in Fig. 4A. According to this embodiment, a width



of a witing pole of the inductive recording el ement I's defined by a

width of this groove 15. Furthernore, at a center of the recessed
portion 13, there is formed an island 14 and a groove 16 is formed in
the 5 surface of this island. It should be noted that in an
actual process, a | arge nunber of &Bgnetic heads are forned froma
single wafer constituting the substrate 1, and after al nost al
portions of the nagnetic heads have been 10 formed on the wafer, the wafer
is divided into bars in which a plurality of magnetic heads are

al i gned. Then, after polishing a side wall of a bar to formair
bearing surface, the bar is divided into respective magneti ¢ heads.

Therefore, the substrate 1 has not a 15 side wall untjl| said dividing
process, butofnatWeiting gedf % the waduerave recorsimd £heenthe side

wal | for the.s f SI | t Xt , | lLustrated in
Figs. 6 and 5? & |$s B gﬁ f a%f?? quongogﬁed gﬁig?eéﬁhéégurface
131 of 20 tde aeésﬁﬁeg BEr tth%n rjé’té’i@ednﬁ@ftiﬁhf 38es Hetdeis grooves
15 and 16. This may be carried out by sputterlng permal l oy. It should

be noted t haformed anpdsiliaakd df4 tdred fargroougndbi dsf iflornddd fim medei n t he

groove 15 constitutes a 5 ole portion 211. The first 25 nmagnetic film 21

i ncl udes Sa p%m:ﬁaﬁeeééet 1e Bethaawh the pole portion 211 and a portion
provi ded on the ace 131 of the, recesse rtion 13. This
pattern edge 210 is {EI ée nﬁ&éﬁl%ﬂﬁﬁ +%f§?eﬁggug3 process, a

- 93 - large number of magnetic heads are formed from a

single wafer constituting the substrate 1, and after
almost all portions of the magnetic heéas have been
10 formed on the wafer, the wafer is divided into bars in
which a plurality of magnetic heads are aligned. Then,
after polishing a side wall of a bar to form air
‘bearing surface, the bar is divided into respective
magnetic heads. Therefore, the substrate 1 has not a
15 side wall until said dividing process, but in the
drawings the substrate is shown to have the side wall
for the sake of simplicity.
Next, as illustrated in Figs. 6 and 7, a first
magnetic film 21 is formed on an inner surface 131 of
20 the recessed portion 13 and inner surfaces of the
grooves 15 and 16. This may be carried out by
sputtering permalloy. It should be noted that a
portion of the first magnetic film 21 formed in the
groove 15 constitutes a pole portion 211. The first
25 magnetic f£ilm 21 includes a pattern edge 210 between
the pole pértion 211 and a portion provided on the
inner surface 131 of the recessed portion 13. This

pattern edge 210 is utilized as a positional reference



f.or the formation of the throat height TH and MR el enent .

Next, as shown in Fig. 8, conductive coil turn | ayers 241 and 242 are
formed within the recessed 5 portion 13 such that the coil turns are
supported and i solated by an insulating film25. In this case, a
surface level of the coil supporting angiisol ating Insulating film 25
does not exceed a surface |evel of the pole portion 211 of the first
magnetic film21l. 10 This may be carried out by a resist etch back nethod.
In the present enbodi nent, the surfaces of the coil supporting and
~isolating insulating film25 and pole portion 211 of the first
magnetic film 21 are co- pl anar. The coil supporting and isolating

i nsul ating 5 film25 may.be de . of hot or esi st and the coil turn
| ayers 241 a%%fﬂ?en’g?r’ﬂégﬁrﬁﬁeg%f tae P hihefehh TH anhMR ay be forned
in a known Qﬁﬂgﬁgnthon t he formation of the coil turn layers 241 and
242, a eating treatnent is perforned in order to obtain flat 20

surfaces on which thr:@0] lad UsRolAY hSFake 180 ReonductiGemdil turn
Al ternatively, the coil supporting and isolating insulating film25

may be for madhyyrs h24 BO&nd 242( spien fimrmpdise) thiéhhathewrededs=sl been wi del y
used for obtaining a flat surface in the sem conductor 25

manuf act Bri MPHEteRdL3 TRECBothady il 1Sl abidrns ariessuaRarFehsandt i ng
fi1m25 my e mpeaof, @ o Licon ,csog QAR 1410 @ufh Lggn nifride Tiim
surface level of the coil supporting and isolating
insulating film 25 does not exceed a surface level of
the pole poftion 211 of the first magnéfic film 21.

10 This may be carried out by a resist etch back method.
In the present embodiment, the surfaces of the coil
supporting and isolating insulating film 25 and pole
portion 211 of the first magnetic film 21 are co-
planar. The coil supporting and isolating insulating

15 £film 25 may be made_of a photoresist and the coil turn
layers 241 and 242 may be made of Cu. The thin film
coil may be formed in a known manner. TUpon the
formation of the coil turn layers 241 and 242, a
heating treatment is performed in order to obtain flat

20 surfaces on which the coil turn layers are to be
formed. Alternatively, the coil supporting and
igsolating insulating film 25 may be formed by the SOG
(spin on glass) method which has been widely used for
obtaining a flat surface in the semiconductor

25 manufacturing method. The coil supporting and
isolating insulating film 25 may be made of a silicon
oxide film or a silicon nitride f£ilm deposited by CVD

process.



During the heating process, the photoresist is softened or nelt, but

since the photoresist is existent within the recessed portion 13
formed in the surface of the substrate 1, the pattern of the finally

5 fornmed coil supporting and isolating insulating film 25 i s not
varied, but is defined by the fixed pat¢grn of the recessed portion
13. Further, even when the coil turn layers 241 and 242 are fornmed by
using a patterning process such as mlling, the pattern of 10 the
coil supporting and isolating insulating film 25 I s not changed.

Next, as depicted in Figs. 9 and 10, a gap film 22 having a uniform

t hi ckness is fornmed on the co- pl anar surfaces of the pole portion 211

of the first 15 nmagnetiic film_21 forned in the groove 15 and,the,coi

supporting and i sol UFAGS i AEHGLRY| RESSSSAs photqrestdh #fom Fi g.
10, th ' i s f d . . . f th
the 90 JdVLAZ: 15 TALTE] B30 e inaOTLIDIS RAPOED s Lace of the

substrate 1. . my be f-a non-magnetic materia
such as 20 Zliuddi: (W4 £8YA] Eher ebestidd ggﬁ%ﬂelgn@omaagqﬁ Rifd i de.

A thickness of the gap film22 is 1000-2000 A hen, as shown
in Fig. 11, saxfraceighf hthe 2dBstratd 4 .f athedbattarnpoofi cheoffizslIpap fil m
22 formed in the groove 16 at the island 14 in the recessed portion

25 13. 5 formed q@id suepprrisgr andd isplaging 1ingpdatingg film second
magnetic film23 is forned gn {h a ilm 22. The second ,magneti c
film 23 may dee ig 3% OY%aeay %’Hg 99 Jeélneg by the fixed patte }
B of the recessed portion 13. Further, even when the

55

coil turn layers 241 and 242 are formed_by using a
patterning process such as milling, thé.pattern of

10 the coil supporting and isolating insulating film 25
is not changed.

Next, as depicted in Figs. 9 and 10, a gap film
22 having a uniform thickness is formed on the co-
planar surfaces of the pole portion 211 of the first

15 magnetic film 21 formed in the groove 15 and the coil
supporting and isolaEing insulating film 25. As can
be seen from Fig. 10, the gap film 22 is formed also
on the exposed surface of the substrate 1. The gap
film 22 may be made of a non-magnetic material such as

20 alumina (Al,0,), silicon oxide and silicon nitride.

A thickness of the gap film 22 is 1000-2000 A.

Then, as shown in Fig. 11, a through hole 220
is formed in a portion of the gap film 22 formed in
the groove 16 at the island 14 in the recessed portion

25 13.

Next, as illustrated in Figs. 12 and 13, a
second magnetic film 23 is formed on the gap film 22.
The second magnetic film 23 may be also formed by the



permal-l oy sputtering. The second magnetic film 23 has a pole portion

231 which is opposed to the pole portion 211 of the first nmagnetic
film21 via the gap film22, and the second magnetic film 23 al so has
a b5 connecting portion 232 which is coupled with the first magneti c
film21 via the through hole 220 fornmeddn _ the gap film22 at the
island 14. In this manner, a basi c "Structure of the inductive nmagnetic
converting el enent is conpleted. Since the second magnetic film 10
23 is forned on the flat surface of the gap film 22, t he patterning of
the second magnetic filmby the phot ol i t hography can be perforned very
preci sely. Next, as shown in Figs. 14 and 15, a first

shield gap film6 is formed on the second magnetic 15 film 23, and then an
MR filmfor porseliayi sputienving. The geeend naghetied fonim 13 fhast
shield gap fil is _also de otedtanathe same reference

m 6. .Thi s fil
nuneral 3 ofatﬂg?ﬁRpgﬁﬁﬁﬂﬂ.zgiiyhﬁg%iFﬁ1QPPQ & P?Lhave a given
pattern by t aqt obiath ) e j 4 t [ 3 by the
photolithogré.?oﬁg,mgl’1 bl]tE%Eg@?%e%%ngggggf%géga?hgg%o %.%%???%% é%? of the

first magnetggihi bm, 2hneanhe SéeahdymsgaBLiR Eidh t3® also HaAR &i l m 22,
second magnetic film23 and first shield gap film®6, and thus a nask

al i gnnent5 f ocopaetéimigngosieme2 3R Wwhighcas beuymiddrwiedhwihe Eéfretence to
t he pattern edge 210 in an,eas% and preci se _manner. Since |, t he
pattern edgemagnetdrydd iy 3hevinstieohbirough hode %t efeupednant nroat

hei ght TH(ﬁtﬁQegEBd¥%55¥%2 at the island 14. In this manner,-a56 )

basic structure of the inductive magnetic converting
element is completed. Since the second-magnétic film
10 23 is formed on the flat surface of the gap film 22,
the.patterning of the second magnetic f£ilm by the
photolithography can be performed very precisely.
Next, as shown in Figs. 14 and 15, a first
shield gap film 6 is formed on the second magnetic
15 £film 23, and then an MR film for constituting the MR
element 3 is formed on the first shield gap film 6.
This MR film is also denoted by the same reference
numeral 3 of the MR element. The MR film 3 is formed
to have a given pattern by the photolithography. Upon
20 formation of the MR film 3 by the photolithography,
the pattern edge 210 of the pole portion 211 of the
first magnetic £ilm 21 can be clearly seen through the
gap film 22, second magnetic film 23 and first shield
gap film 6, and thus a mask alignment for patterning
25 the MR £ilm can bg performed with reference to the
. pattern edge 210 in an easy and precise manner. Since
the pattern edge 210 serves as the positional

reference for the throat height TH of the inductive



recordi ng el enent 2, the inductive recording elenment 2 and MR el enent

3 can be nutually positioned by neans of the pattern edge 210.

Then, as illustrated in Figs. 16 and 17, a 5 second shield gap film7 is
formed on the MR film3 and first shield gap film6. The first and
second shield gap film®6 and 7 nmay ge~nade of a non-magnetic

I nsulating material such as alum na, and nmay have a t hi ckness of
1000- 2000 [err]. 10 Next, as shown in Figs. 18 and 19, a third
magnetic film4 is formed on a portion of the second shield gap film
7. The third magnetic film4 may be made of permalloy or ferrite.
Then, the protection film25 nade of alumna is fornmed on the third
15 magnetic film4 and an exposed portion of the second shiel d gap

film?7 as d&Reeeding slgment. 2, the inductiypnzprprdimg wdfesrens divi ded
I nto a nunber_ of bars iLn which a plurality of nagnetic heads are

ali gned, a St ¥R ‘Flﬁlf‘eﬁgb r Geg i te‘baﬁ)yo%?ﬁilﬁéﬁ’%e% B &e3PS peari ng
surface 10, a4 di vided into respective magnetic
heads. Suchd¥u£ﬂ%$%%%§§g§ %95§N%H0'known inthe art, and thus their

detail ed expl anati omhei & &4 sSpeDgetdrcel. in Figs. 16 &haragtew stics of
the MR elenent 3 mght be 25 varied due to a stress induced within the

fil mand5a secomdrsbielddgerd fiynpdl iishi hogrmed ondthet MRviftilgat 3 such
a stress-induced variatjion, the protection film 26 _may be formed by a

conbi nat i on B F1¥Ebnshirdd ga@ film 6. The first and second - 57
) shield gap film 6 and 7 may be made of a non-magnetic

insulating material such as alumina, and may have a

thickness of 1000-2000 A.

10 Next, as shown in Figs. 18 and 19, a third
magnetic film 4 is formed on a portion of the second
shield gap f£ilm 7. The third magnetic film 4 may be
.made of permalloy or ferrite. Then, the protection
£film 25 made of alumina is formed on the third

15 magnetic film 4 and an exposed'portion of the second
shield gap film 7 as depicted in Figs. 1-3.

Finally, the wafer is divided into a number of
bars in which a plurality of magnetic heads are
aligned, a side wall of a bar is polished to obtained

20 the air bearing surface 10, and then the bar is
divided into respective magnetic heads. Such
processes are well known in the art, and thus their
detailed explanétions are dispensed with.

Characteristics of the MR element 3 might be

25 varied due to a stress induced within the film and a
stress induced by polishing. In order to mitigate
such a stress-induced variation, the protection film

26 may be formed by a combination of silicon oxide and



alumina films, a conbination of silicon oxide and’ silicon nitride
films, or a conbination of an alum na filmand a silicon oxide film

hi ghly doped with phosphor or boron, which has been wi dely used as a

5 passivation filmin sem conductor devices. Fig. 20 is a cross
sectional view showi ng a second enggdi-nent of the hybrid type thin
film magneti c head according to the first aspect of the - pr esent
invention. In the foll ow ng enbodi nents, 10 portions simlar to those
shown in Figs. 1-19 are denoted by the sanme reference nunerals used in
Figs. 1-19. In this enbodinent, a surface |evel of the coil supporting
and isolating insulating film25 Is |lower than a surface |evel of the

| t f the f t. cfilm. b . i d t
Porm POt afdtindorifhel 18 il JHONGH! S| Li T2 ol dd Shdce (BTN 1O
said step hagiﬂgcéﬂen§t§ﬁaﬁp?ﬁﬂﬁ§r]of&afééﬁﬁﬁnatloﬁ*3¥Gﬁﬂtélﬁﬁhﬂéve a

flat surface. The renaining structure of the present embodinment is
substanti al | §i1mM0andi & kdlilcerd atidd f£ibmfhighlendodied®withown in
Figs. 1-3. The present enbodi ment has an additional merit that the
pattern edg@lzq@pbervpngb@mtrhe which gagst beenl widkednenwzed astée t hroat
hei ght and for hqot omask al | nt for patterning the MRfilm3
25 can Be §@%ﬁsﬁﬁ€ﬁlﬁﬁr% 3Fb&ﬂquWﬁ§§£§%cFﬂ€ VLSS of the coil
supporting and isol g sul.ati | i e 9*5 than the
pattern edge 210. aﬂ& 2645 5 Egt?cscsje;Qsel%\?celosrtk—ie%s ?g\tﬂ %anu turing the
- 98 - second embodiment of the hybrid type thin film

magnetic head according to the first aspect of the
present invention. In the following emLodiments,
10 portions similar to those shown in Figs. 1-19 are
denoted by the same reference numerals used in
Figs. 1-19. In this embodiment, a surface level of
~the coil supporting and.iéolating insulating £ilm 25
is lower than a surface level of the pole portion 211
15 of the first magnetic film 21 by a distance d; to form
a step. An inorganic insulating f£ilm 100 is formed
such that said step having the distance d, is filled
therewith to have a flat surface. The remaining
structure of the present embodiment is substantially
20 similar to that of the first embodiment shown in
Figs. 1-3. The present embodiment has an additional
merit that the pattern edge 210 serving as the
positional reference for the throat height and for
the photomask alignment for patterning the MR film 3
25 can be seen much more clearly, because the surface of
the coil supporting and isolating insulating film 25
situates lower than the pattern edge 210.

Now successive steps for manufacturing the



magneti c head shown in Fig. 20 will be explained with reference to
Figs. 21-34. At first, as illustrated in Figs. 21 and 22, on

a main body 11 made of AITiCis formed an insulating 5 film1l2 made of
Alferr]Jerr] or SiJerr], and a recessed portion 13 is forned in the
surface of the insulating film12. - 58 - Next, as depicted in Figs.
23 and 24, a first magnetic film21 is formed on an inner surface 131
of the recessed portion 13 and on the surface of the 10 substrate 1.
A portion of the first magnetic film21 formed on the surface of the
substrate 1 constitutes a pol e portion 211 which includes an pattern
edge 210 at - a position corresponding to an edge 132 of the

conducti ve AFetre Bl Bhoun W rigy 30,0800 75 BRTARE PheRccessed

conductive coi ayers 2 are forme

portion 13 stchet8atet RBY FaLR SUAROT4 ed and isol at ed by an insul ating
film25. In the present enbodi nent, the coil supporting and isolating

insulating film25 ZX) firdormad dldhsthaited sisuFigee Ravehd 23,0wet t han
a surface level of the pole portion 211 of the first magneti c
film21 by & dnaiankedy] ddr pade of ALTIC jexforged laysinslatingdFigs. 26

QA (P SERE I T AR R HE R I IR
o RS L] Eledtartine susRsede s d g i ists. 1 I
Next, as depicted in Figs. 23 and 24, a first
magnetic £ilm 21 is formed on an inner_surface 131 of
the recessed portion 13 and on the surféce of the

10 substrate 1. A portion of the first magnetic film 21
formed on the surface of the substrate 1 constitutes a
pole portion 211 which includes an pattern edge 210 at

~a position corresponding to an edge 132 of the
recessed portion 13 (Fig. 21).

15 Then, as shown in Fig. 25, conductive coil turn
layers 241 and 242 are formed within the recessed
portion 13 such that they are supported and isolated
by an insulating film 25. In the present embodiment,
the coil supporting and isolating insulating £ilm 25

20 1is formed such that its surface-level is lower than a
surface level of the pole portion 211 of the first
magnetic film 21 by a distance d,.

Next, as illustrated in Figs. 26 and 27, an
inorganic insulating film 100 is formed on the coil

25 supporting and isolating insulating film 25, pole
portion 211 of the first magnétic film 21 and an
exposed surface of the substrate 1. It should be

noted that a thickness of the inorganic film 100 is



- 59 - | arger than the distance df[err]. Next, as shown
in Figs. 28 and 29, the i norganic insulating film 100 is polished by

t he chem cal - mechani cal polishing to planarize the 5 surfaces of the
pol e portion 211 and organic insulating film100. By this planarizing
process, the pattern edge 210 of 19 pole portion 211 of the first
magnetic film21 is further clarified. Then, as depicted in
Fig. 30, agap film22 is 10 fornmed on the flat surface of the organic

i nsul ati ng film 100 and pole portion 211 of the first nagnetic
film21. The inorganic insulating film2100 and gap film22 may be nmade
of alum na, silicon oxide or silicon nitride. In the gap film22 is
fornmed a 15 %Qr%u Qkﬂglqj%quaéta §orhion of the island 14 within t he
recessed pOF}IOH 3. TSERBXE, “as shown in Fig. 31, a second

magneti ¢ film2geke famehmh the 88gsT1 b 3aa Be sagond nmagnetic
film23 includes a pole portion 231 which i1s 20 opposed to the pole

portion 211 ehotearfiid sinswbaeing £ilm fliOOMixl gyl isled by the gap film
222, and a connecting portion 232 which is coupled with the first
magnet i c chemipadrmechamiecahr padhshdng 20 pkanaxlirzel bhe 14. In

this manner, the nagnetic circuit of the i ctiv 25 recording el enent
is conpl ed?uﬁzﬁﬁé%r?éfﬁb?w%@iﬁtporthaézii ,O%¥¥@3Econd magnetic
(" 2 Can, S8R e bl Tt uel Bl Lngag SALih ounhd (s
- 60 - pattern edge 210 of the pole portion 211 of the first
| magnetic f£ilm 21 is further clarified.*
Then, as depicted in Fig. 30, é-gap £fi1lm 22 is
10 formed on the flat surface of the organic insulating
film 100 and pole portion 211 of the first magnetic
film 21. The inorganic insulating £ilm 100 and gap
film 22 may_be made of alumina, silicon oxide or
silicon nitride. In the gap film 22 is formed a
15 through hole 220 at a portion of the island 14 within
the recessed portion 13.

Next, as shown in Fig. 31, a second magnetic
film 23 is formed on the gap film 22. The second
magnetic £ilm 23 includes a pole portion 231 which is

20 opposed to the pole portion 211 of the first magnetic
film 21 by means of the gap film 222, and a connécting
portion 232 which is coupled with the first magnetic
film 21 via the through hole 220 at the island 14. In
this manner, the magnetic circuit of the inductive

25 recording element is completed. Also in the present
embodiment, the second magnetic film 23 can be formed
on the flat_su;féce of the gap film 22, and thus the
patterning of the second magnetic film 23 by the



phot ol j t hography can be perforned very precisely. Next, as
Illustrated in Fig. 32, a first shield gap filme6 is forned on the
second magnetic film 23, and then an MR filmor elenment 3 is formed on
t he 5 first shield gap film As stated before, since the pattern
edge 210 of the pole portion 211 of the figrst magnetic film 21 can be
clearly seen through the gap film22, second magnetic film 23 and
first shield gap film6, a nmask alignnment for formng the MR film3

10 can be perfornmed precisely with reference to the pattern edge 210.
Then, as shown in Fig. 33, a second shield gap film7 is fornmed on the
MR film3 and first shield gap film6. The first and second shield gap

films 6 and f _akum na and y__have_a thi ckness of
1000- 2000 A. %hé&fﬂh@&@gg Cag g)epi%%re Heg YSEYAPTE RS Y nagnet i ¢

film4 made of, for iNst@ncgs PEITREELY s figf BBG O 1esge leld
gap film?7. After formng a 20 protectionJTiInl 5 (sééaFngsgo%%g%lt e

third nagnetigap filmi 6mié foemedpesedtiserdacendf mhbaetaeord 1shizdi d gap
film7, the wafer is subjected to the dividing process and polishing
process to ol rthel AYbMRdLdy@e orhiglement {3 | hsmigraeidc odmedthe 25

nvertod fybrid Ay POL AL PRPIELIM mab ot AR PEERER di AGAES ERE 11 rst
?Sgicf of th@atter®Pr&368t 21 0VERL LY ﬂélérﬁbPEfgﬁnﬁlﬁn%&d@gg“fiégt
magnetic film 21 can be clearly seen through the gap
film 22, second magnetic film 23 and first shield gap
film 6, a mask alignment for forming tie MR film 3
10 can be performed precisely with reference to the
pattern edge 210.
Then, as shown in Fig. 33, a second shield gap
”film 7 is formed on the MR film 3 and first shield gap
film 6. The first and second shield gap films 6 and 7
15 may be made of alumina and may have a thickness of
1000-2000 A. |
Next, as depicted in Fig. 34, a third magnetic
film 4 made of, for instance permalloy is formed on
the second shield gap film 7. After fofming a
20 protection film 25 (see Fig. 20) on the third magnetic
film 4 and exposed surface of the second shield gap
film 7, the wafer is subjected to the dividing process
and polishing process to obtain the hybrid type thin
film magnetic head.
25 Fig. 35 is a cross sectional view showing a
third embodiment of the inverted hybrid type thin film
magnetic head according to the first aspect of the

present invention. In the pPresent embodiment, a



recessed portion 13 is fornmed in a main body 11 of a substrate 1 and

an insulating film12 is formed on an I nner surface 131 of the
recessed portion 13 as well as on the surface of the nmain body 11.
Therefore, a 5 thickness of the insulating film 12 nay be reduced,

and this inprove a heat dissipation proparty. The remai ni ng
construction is substantially identical with that of the second

enbodi ment shown in Fig. 20. Fig. 36 is a cross sectional view
showing a 10 first enbodinment of the thin filmnmagnetic head

according to the second aspect of the invention. Fig. 37 is a cross
sectional viewillustrating a part of the magnetic head on an enl arged
scale, and Fj |.8:a.CLQS ' |+ i I | ipe_ 38-38 in
15 F g, 37, 1ecehecd Rebhi it o iRl i Herrh EefY 11 445
construct ed aishdheat8Ver had RBbridkddPeiddl Pilhl M2 is FHRGRRY ienhgad having
an i nductive recording el enent provi ded on a substrate and an MR
readi ng el enemter sutbapedldid tdfe thelucecessedcpodicignellSrerd ,wehll a thin
20 filmcoil of the inductive recording elenent is arranged within a

recessed pora$s o?nfehfedurfaciee of themairecbofyt Ad .suBBerafererher ef ore,
t he present . . enbodi I ncl udes the featu of the first aspect of
the Dnvedti ov HARRR: Pon s DR SAuHD aEhUB: Lo Bee Dord SORRSRI on.
Theref ore, tél’f‘dSéM'gt%§r6k;@ |aarhetaf+1 t&fssipat?ﬁﬁogkgg%r&}fhoﬂé n Figs.

1-35 is not explalined | det al i'ng to the second
aspect of theemaiibhgoBonstruction is substantially identical %w2th

that of the second embodiment shown in Fig. 20.
Fig. 36 is a cross sectional Viéw showing a
10 first embodiment of the thin film magnetic head
according to the second aspect of the invention.
Fig. 37 is a cross sectional view illustrating a part
of the magnetic head on an enlarged scale, and Fig. 38
is a cross sectional view cut along a line 38—38 in
15 Fig. 37. In the present embodiment, the magnetic head
is constructed as the inverted hybrid type thin film
magnetic head having an inductive recording element
provided on a substrate and an MR reading element
formed on the inductive recording element, and a thin
20 £ilm coil of the inductive recording element is
arranged within a recessed portion formed in the
surface of the substrate. Therefore, the present
embodiment includes the feature of the first aspect of
the invention in addition to the second aspect of the
25 invention. Therefore, the structure similar to the:
embodiments shown in Figs. 1-35 is not explained in
~detail.

According to the second'aspect of the ihventibn,



the second magnetic film 23 includes the pole portion 231 constituted

by a protrusion which is forned on the surface of the second nagnetic
filmfacing to the substrate 1. This structure is best shown in Fig.
38. 5 That is to say, the second magnetic film23 has a T- shaped
cross section at the pole portion 231- 62 - shoul d be noted that the gap
film22 is fornmed al ong the surface of this T-shaped cross section.

In the present enbodi ment, since the pole 10 portion 231 of the second
magnetic film23 is forned to have the T-shaped cross section, the
foll ow ng advant ages can be obt ai ned. Firstly, a width
Plerr] of a witing pole of the magneti ¢ head can be defined by a

wi dth of thegnd5sREaHEHRMAS Ofiirﬁeﬁe‘i‘ﬁ@iu e gbimn 3§r5&tsﬁ

witing pole can be mnimzed to I nprove the surface recording density

and hi gh fregsenepngrtdpeited by a protrusideceidlah idefpphedpont the of the
second magnetic film23 is formed by the protrusion 231 which 20

ext ends fronsuhéacewof dihe smacoidimagsetdnd frdgndiaeing tofthe 23, and

t herefore the nagnetic field . can be consiricted nuch nore effectively

the witing PBPEETate Iphi SN S tEat it 8 PESEhENMBY erfehl- i 38t he
surface 1:2ConglLpg;deny tsyar}gnfg]ﬂgé g%?ééﬁauf?\a%e@i%%()ﬁf%s g o Thirdly,

t he prot rusion constitut _ rtion secaon
magnet1 c f"ﬁh&ﬁeaa&ﬂ@%s secéi@&'ataﬂﬁepngbS§dk€£5ﬂm4be ugg ng the

phot ol i t hography during the formation of the second
- 63 - should be noted that the gap film 22 is formed along
the surface of this T-shaped cross section.
In the present embodiment, sinc; the pole
10 portion 231 of the second magnetic film 23 is formed
to have the T-shaped cross section, the following
advantages can be obtained.
Firstly, a width P, of a writing pole of the
magnetic head can be defined by a width of the
15 protrusion 231 of the second magnetic f£ilm 23, the
writing pole can be minimized to improve the surface
recording density and high frequency property.
Secondly, the pole portion of the second
magnetic £ilm 23 is formed by the protrusion 231 which
20 extends from the lower surface of the second magnetic
film 23, and therefore the magnetic field can be
constricted much more effectively the writing pole.
This also contributes to the improvement in the
surface recording density and high frequency property.
25 Thirdly, the protrusion constituting the pole
portion 231 of the second magnetic £ilm 23 can be
finely and precisely formed by using the

photolithography during the formation of the second



Jmagnetic filmto have a precisely defined w dth. Therefore, a width
Plerr] of the mnimzed witing pole can be obtained uniformy even in
t he mass production process. 5 Now an enbodi nent of the
met hod of manuf acturing the thin filmnmagnetic head illustrated
in Figs. 36-38 will be explained with-réBerence to Figs. 39-54.
As shown in Figs. 39 and 40, on a main body 11 10 nmade of Alf[err](err]TiC
(AITiC), an insulating film 12 nade of Alferr]Jerr] or Siderr] is
provi ded, and a recessed portion 13 is formed in the surface of the
insulating film12. The insulating film12 is forned to have a
t hi ckness of about 5-10 [err]m The recessed portion 13 is forned 15
by, for instaiaestici PDIR kbl REVEUE ghadid&eyr gegssed widthortion has
desired configuration and depth, by neans of which the apex angle and
t hroat hei githerefdre, a wpdéeh Sl pff cheedirBorizedtwnteingnppidel i nati on
angl e of the recessed portion 13 can be controlled by 20 adjusting
et chi ng condial 8. obhainedsypifeamyiy tefeen in EhBsMAgSe PYAGGHORi cini ty
of an air bearing surface which will be forned later, there is forned
a groove PT¥A%TSFhis groove 15 is clearly seen in Fig. 40 which is a
-Cross segtional viey La@:c aihbRe 4% 49 d Metdodfi 9 39. According to

th of the

this enbodinment, a w writing pole of the inductive

recordi ng elanrfatburing ddk edh)f dlnvimidnetithheadr dddaisirated

Furthernore, a groove 16 is fornmed in a surface of a projection or
- 64 - in Figs. 36-38 will be explained with reference to
Figs. 39-54.

As shown in Figs. 39 and 40, on:a main body 11

10 made of Al,0,TiC (AlTiC), an insulating film 12 made of
Al,0; or Si0O, is provided, and a recessed portion 13
is formed in the surface of the insulating f£ilm 12.
The insulating film 12 is formed to have a thickness
.of about 5-10 um. The recessed portion 13 is formed

15 by, for instance an ion milling such that the recessed
portion has desired configuration and depth, by means
of which the apex angle and throat height can be
precisely formed. For instance, an inclination angle
of the recessed portion 13 can be controlled by

20 adjusting etching conditions. In the surface of the
substrate 1 in the vicinity of an air bearing surface
which will be formed later, there is formed a groove
15. This groove 15 is clearly seen in Fig. 40 which
is a cross sectional view cut along a line 40-40 in

25 Fig. 39. According to this embodiment, a width of the
writing pole of the inductive recording element is
defiped by a width of this groove 15. Furthermore, a

groove 16 is formed in a surface of a projection or



- .

l.sl and 14 provided at a center of the recessed portion 13.

Next, as illustrated in Figs. 41 and 42, a first magnetic film21 is
formed on an inner surface 5 131 of the recessed portion 13 and inner
surfaces of t he grooves 15 and 16. The first magnetic film 21 may

be deposited by sputtering pernmalloy. -Aédorti on of the first nmagnetic
film21 fornmed in the groove 15 constitutes a pole portion 211 having a
width Plerr] which 10 is precisely determned by a width of the groove
15. The first magnetic film 21 includes a pattern edge 210

bet ween the pole portion 211 and a portion provided on t he i nner
surface 131 of the recessed portion 13. This pattern edge 210 is

utilized as pgpgsit hqn?Jrovﬂi%ed eferencentar bire dly %Cé@é&@t?gﬁtéeﬂ MR

film In the present enbodi nment, the surface of the pol e
portion 211 w8thin the groove 15 is etched to forma step having a

hei ght g[err] between the surface of the substrate 1 and the surface
of the pole portion Negt, 2as. ilimssratad ngn prigess4bapnde 4Garrd ed out by a

sputter etch%ggémﬁth an .argo as shogwn in Fig.

! ! n ol . Next ,
25, conducti ¥erebi reganric tilm 2l s \forned, g AR FUIHRASUFERFR  he
recesseds 13pOpEl 4Rl BBt PEOROLD L ScBid SEPPALED BRI 25

i solated by an insulating t1l'm nthis case, : ace [evel of
the coil supgret gReowied i190laaid 6. THASEL BEtNBabhkiZd fA0es mtm@?ceed a

surface | evel of the pole portion 211 of the first magnetic film 21 by
- 65 - be depbirg tddiby reppenter ihe pesimstl letych Baglomteidndof | n
this manner, the surfaces of the coil supporting and
the first magnetic f£ilm 21 formed 1n the groove 15
constitutes a pole portion 211 having ; width P, which
10 is precisely determined by a width of the groove 15.
The first magnetic f£ilm 21 includes a pattern edge 210
between the pole portion 211 and a portion provided on
the inner surface 131 of the recessed portion 13.
This pattern edge 210 is utilized as a positional
15_ reference for the throat height TH and MR film.

In the present embodiment, the surface of the
pole portion 211 within the groove 15 is etched to
form a step having a height gi”between_the surface of
the substrate 1 and the surface of the pole portion

20 211. This etching process may be carried out by a
sputter etching with an argon plasma.

Next, as shown in Fig. 43, conductive coil turn
layers 241 and 242 are formed within the recessed
portion 13 such that the coil turns are supported and

25 isolated by an insulating film 25. In this case, a
surface level of the coil supporting and isolating

insulating film 25 does not exceed a surface level of

the pole portion 211 of the first magnetic film 21 by



I.solating insulating film25 and pole portion 211 of the first
magnetic film21 are co-planarized. The 5 coil supporting and isol ating

insulating film 25 may be nmade of a photoresist and the coil turn

| ayers 241 and 242 may be forned in a known manner. Upon the
formation of the coil turn layers 241-af8 242, a heating treatment is
performed in order to obtain flat 10 surfaces on which the coil turn

| ayers are to be formed. Alternatively, the coil supporting and
isolating insulating film25 may be formed by the SOG nmet hod. The coi
supporting and isolating insulating film25 may be nade of a silicon

oxide filmor a 15 silicon nitride film deposited by CVD process.
During the hesihdg PHOCEhBLahle MHY SISt &Bch backohiedn or melt, but

since the photoresist is supported by the recessed portion 13 forned
in the st sceanherhe thebsturdieacds ¢hethat tein sluppre tfinmldyd 20
formed coil supporting,and isqlatiQ%_insuIating film . 25 1S not varied,
but is defi n’e%Pﬁ@tt%ﬁé ingedagdngerfiilm 25 pandheol ec pesdd Pordd brrd 3.

Further, even when the coi | tur ayers 241_and 242 are_forned by
iaing a C TherErib megrssacs A 2 HF pRGPIARRT KA n T 125 Lhe
coi |l supportg a ' ' INS; | i : 1£5; ot QQQged.

Next , asBdep%‘%:l?ledgﬁ?lbé?gghbz%iﬂgqn?gfg%égﬂaépiﬁga&aﬁlp% Z%IE‘gvziSr:lg a uniform

t hi ckness i é ana®d 66 khfhotoresist and the coil turn layers-249 -
co-planar surfaces of the pole portion 211 of the first magnetic film
21 fornmed i rende242over bg fiedmead in a known manner. Upon the

formation of the coil turn layers 241 and 242, a
heating treatment is performed in'orde; to obtain flat

10 surfaces on which the coil turn layers are to be
formed. Alternatively, the coil supporting and
isolating insulating film 25 may be formed by the SOG
method. The coil supporting and isolating insulating
film 25 may be made of a silicon oxide film or a

15 silicon nitride film deposited by CVD process.

During the heating proéess, the photoresist is
softened or melt, but since the photoresist is
supported by the recessed portion 13 formed in the
surface of the substrate 1, the pattern of the finally

20 formed coil supporting and isolating insulating film
25 is not varied, but is defined by the fixed pattern
of the recessed portion 13. Further, even when the
coil turn layers 241 and 242 are formed by using a
patterning process such as milling, the pattern of

25 the coil supporting and isolating insulating film 25
is not changed.

Next, as depicted .in Figs. 44 and 45, a gap

film 22 having a uniform thickness is formed on the
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Goi |l supporting and isolating insulating film25. The gap film 22 may
be made of a non-magnetic materi al 5 such as alumna, silicon oxide and
silicon nitride. A thickness of the gap film22 is 1000-2000 A It
shoul d be noted that the surface of a portion of the gap film 22
formed within the groove 15 is still Fofér - than the surface of a
portion of the gap filmfornmed 10 on the substrate except for the groove
15 by a di stance g[err] which corresponds to the distance g[err].
Then, as shown in Fig. 46, a through hole 220 is formed in a portion
of the gap film22 formed in the groove 16 at the island 14 in the
recessed portion 15 13. Next, as illustrated in Figs. 47 and

48, a _ 5@@°§Qaﬁaﬁn%hlr(faﬂcdé§no?§tt1§ef}]96M8dp9§}tti|&>% oapL fof tRe. Upon
the formation of the second magnetic film 23, the space having a depth
glerr] wthifithe pagmetits fiidn i2]1 efoPfedi ih the maguste clfreardi dhet o f orm
a protrusion 231 which constjtutes a pole portion of the second
magnetic filePP3. syppogsiagpand cksebatingoppsydatiang £ilmndS polBortion

211 of the first_nmagnetic film21 via the _gap fi.lm 22, and.the second
mmgnetic 111 HBTATED 228 5% TR eRt i AgPBB FRORSSS IR ERE 1€ coupl od
with thes gubhrak BBIREHL Tdd 18 &dn Vo2 BRC ahlyr Qual Il & 2Piabkn this
manner, according to the seconJ'aspect o% t he I nvention, a wdth of

t he pol e porii thi2Rhesk dfe the gap film 22 is 1000-2000 A. It - 67 -

second magnetic film23 is also defined by a wi dth of t he groove 15,
and t her ef orshouldsbgozsitiside thntf otlre surfake wii @ mppivlenhafi hhea
m ni m zed mﬂgég'fl %r%zog%rmed within the groove 15 is still lower
than the surface of a portion of the g;p film formed
10 on the substrate except for the groove 15 by a
distance g, which corresponds to the distance g;.

Then, as shown in Fig. 46, a through hole 220
is formed in a portion of the gap film 22 formed in
the groove 16 at the island 14 in the recessed portion

i5 13.

Next, as illustrated in Figs. 47 and 48, a
second magnetic f£ilm 23 is formed on the gap film 22.
Upon the formation of the second magnetic f£ilm 23, the
space having a depth g, within the groove 15 is filled

20 with the magnetic material to form a protrusion 231
which constitutes a pole portion of the second
magnetic film 23. The pole portion 231 is opposed to
the pole portion 211 of-the first magnetic f£ilm 21 via
the gap film 22, and the second magnetic f£film 23 also

25 has a connecting portion 232 which is coupled with the
first magnetic film 21 via the through hole 220. In
this manner, according to the second aspect of the |

invention, a width of the pole portion 231 of the



R - .
the surface recording density and high frequency 5 property of the

magneti ¢ head can be i nproved. Since the second magnetic film
23 is fornmed on the flat surface of the gap film 22, the second
magnetic filmcan be forned to have a precise pattern by the

phot ol i t hography. Furthernore, since +h&7 30 second magnetic film 23 has a
sufficiently |arge t hi.ckness, the surface of the second magnetic film
becones fl at. Next, as shown in Figs. 49 and 50, a first
shield gap film6 is formed on the flat surface of the 15 second nmagnetic
film23, and then an MRfilm3is formed on the first shield gap film
6. The MR film3 Is fornmed to have a given pattern by the

phot ol i t hography, | C thter : : rdgon 211
of the first nagﬁ%??%éﬁfFEFZ %ﬁgﬁggegggg%%;gsg%ﬁghgggF?ﬁSﬁafﬁée é%%nce.
Since the paii&rgresge 15, adll tirmeToad sht asst pospddilid aralfdmi erence for
t he throat height TH of the inductive recording elenent 2, t he

i nducti ve redvoe dimit dhgnpnil e2 havd ngR e Ireimeimi gedawidth. bEhprsifiorened
relative to each other by utiljzing the 25 pattern edge 210 as a common
positional rdterepgeace recording ity apfybiel dFSPMeRYE. 51 and 52,

d . il m.7.is.f he MR fi d fi
Tl d SSCOMERLELY, 98P bl Mabylt f OB OBah "B MR, and firs!

e
- 68 - shi edih@apché! 8e60ABImA ke ROk 28 asneprivaN C
insul ating material such as alum na, and nmay have a t hi ckness of

1000- 2000 A.the flat surface of the gap film 22, the second
magnetic film can be formed to have a precise pattern
by the photolithography. Furthermore,-gince the

10 second magnetic film 23 has a sufficiently large
thickness, the surface of the second magnetic film
becomes flat.

J Next, as shown in Figs. 49 and 50, a first
shield gap film 6 is formed on the flat surface of the

15 second magnetic film 23, and then an MR film 3 is
formed on the first shield gaﬁ film 6. The MR film 3
is formed to have a given pattern by the
photolithogréphy, while the pattern edge 210 of the

| pole portion 211 of the first magnetic film 21 is used

20 as:the positional reference. Since the pattern edge
210 serves also as the positional reference for the
throat height TH of the inductive recording element 2,
the inductive recording element 2 and MR element 3 can
be positioned relative to each other by utilizing the

25 pattern edge 210 as a common positional reference.

Then, as illustrated in Figs. 51 and 52, a
second shield gap film 7 is formed on the MR film 3
and first shield gap film 6. The first and second



Next, -as shown in Figs. 53 and 54, a third 5 nmagnetic film4 is forned on

a portion of the second shield gap film7. The third magnetic filmi4
may be made of pernmalloy. Then, the protection film 25 nade of
alumna is forned on the third magnetic film4 and an exposed portion
of the second shield gap film7 as 10 é8epicted in Figs. 36-38.

Finally, the wafer is divided into a nunber of - bars in which a
plurality of magnetic heads are aligned, a side of a bar is polished
to obtained the air bearing surface 10, and then the bar is divided
15 into respective magnetic heads. Such processes are wel | known in
the art, and thus their detailed expl anations are di spensed wth.

Al'so in thegp §§$ﬂ5é¥ﬂ¥gﬁﬂegta%gn7oE%§LHé)mader§% %ggég %gganrkatlon in

property due t € stresses rotectio e formed by
a conbi nati @hsulatiGig Shdt&pDadXEdehand Alumites f i 4mE, mayChakienal i on of

silicon oxide and silicon nitride filns, or a conbi nati on of an

al unina fil whdmkress |9£ch00R+3000 A. f|In1higth doped wi th phosphor or
boron. 25 Figs. 55 and 56 are cross ectional views show ng a
second enbodlnent ofNefhe A% SHIP B rFEgs. S8y ged pidy 13 1Y HeYneti ¢ head
accordi SEco spec f the e i n¥epiion hi s
enbodi me t Qﬁ% é:fghm 4 13 Bgr%e% &h of%{%n gf @ﬁe seCJhéisurface

e oL PSR A A0 okl B g RS L, L0
film21 by made aflistmanakldfer rThén, f ohe prettertisim i fiotmgadb cmadeul ati ng
of alumina is formed on the third magnetic film 4 and
an exposed portion of the second shieldrgap film 7 as
10 depicted in Figs. 36-38.

Finally, the wafer is divided into a number of
bars in which a plurality of magnetic heads are
‘aligned, a side of a bar is polished to obtained thé
air bearing surface 10, and then the bar is divided

15 into respective magnetic heads. Such processes are
well known in the art, and thﬁs their detailed
explanations are dispensed with.

Also in the present embodiment, in order to
mitigate the variation in property due to the stresses,

20 the protection film 25 may be formed by a combination
of silicon oxide and alumina films, a combination of
silicon oxide and silicon nitride films, or a
combination of an alumina film and a silicon oxide
film highly doped with phosphor or boron.

25 Figs. 55 and 56 are cross sectional views
showing a second embodiment of the inverted hybrid

type thin film magnetic head according to the second

aspect of the present invention. In this embodiment,



5-film100 is fornmed such that said step having the di stance d[err] is

filled therewith to have a flat surface. The remai ning structure of
t he present enbodi nent is substantially simlar to that of the
enbodi nent shown in Figs. 36-54. The inorganic insulating film 100 nay
10 be nmade of the sanme material as the-ggp £ilm22. Al so in the

" present enbodi nent, the pattern edge 210 serving as the positional
reference for the throat hei ght and for the photonask alignnment for
patterning the MR film3 can be seen nuch nore clearly. 15
Now successi ve steps for manufacturing the magneti c head shown in
Figs. 55 and 56 will be explained wth reference to Figs. 57-71.

At first, as Fi 5 of a
substrate 1 ﬁg é%%TfE&gl or%gyiuéﬁgé faﬁnﬁgaga|1%§¥§%1

A [err] O[err]ngguﬂaﬁgrhmnas_ is A JvRGESEIesh Pl EueFatd i1edr e I n the
surface of the insulating film 12. Next, as depicted in

Figs. 59 and 8 moléersortion 2ddneti cHe | M 24ti mapoetdd dilan 2hriey
surface 131 of _25 the recessed portion 13 and on the surface of the
substrate 1. 3 Fottareeot the £t anf§edti cAR ipcxpanic fi;setabinghe

f ate constitu ol octian 2 whi ch
surtace Otgn ﬁt][sn%rbi&gdba %? sulh that said %eg Ii'xav:Lng ]t]h - 70 -

i ncl udes

a position c{yospoadi § grig fﬂlfgﬁetﬁé%e%t&mo havé €5e38d BBEtf'a% 13

(Fig. 57). as shown in Fig , conductive coil turn
| ayers 241 ar'n!hééhi’emfniﬁgnedrwdﬂmﬂ% tofe tlesepsedent RAHddEMekht Sigh t hat
they are supported and i sol at ed by an insulating film25. In the

present enbodulsttantially similar to that of the embodlment shown
in Figs. 36-54. The inorganic 1nsulat1ng film 100 may

10 be made of the same material as the gap film 22. Also
in the present embodiment, the pattern edge 210
serving as the positional reference for the throat

~height and for the photomask alignment for patterning
the MR film 3 can be seen much more clearly.

15 Now successive steps for manufacturing the
magnetic head shown in Figs. 55 and 56 will be
explained with reference to Figs. 57-71.

At first, as illustrated in Figs. 57 and.58, on
a main body 11 of a substrate 1 made of AlTiC is

20 formed an insulating film 12 made of Al,0; or Si0O,, and
a recessed portion 13 is formed in the surface of the
insulating f£ilm 12.

Next, as depicted in Figs. 59 and 60, a first
magnetic film 21 is formed on an inner surface 131 of

25 the recessed portion 13 and on the surface of the
substrate 1. A portion of the first magnetic film 21
formed on the surface of the substrate 1 constitutes a

pole portion 211 which includes an pattern edge 210 at



the coil supporting and isolating insulating film25 - i's formed such

that its surface level is |ower than a surface | evel of the pole
portion 211 of the first 10 nagnetic film 21 by a distance d[err].

Next, as illustrated in Figs. 62 and 63, an i norganic insulating film
100 is forned on the coil supporti®g and isolating insulating film 25,
pol e portion 211 of the first magnetic film21 and an 15 exposed
surface of the substrate 1. It should be noted that a thickness of the
inorganic film 100 is | arger than the distance df[err].

Next, as shown in Figs. 64 and 65, the i norganic insulating film2100 is

polished by the 20 chem cal-nechanical polishing to obtain a planar
surfaces of 4 hePot EoROELEPBspbhBYUY Y PN Cedge 13DSWIALHRY film 100. By

this planarizing process, the pattern edge 210 of the pole portion 211
of the firstrecess@@nedreibhl @32 FHigy f BTher clarified. 25 Then,
as depicted in Figs. 66 and 67, the surface of the pole portion 211 is

etched to forma  Thenephaslhognaini Fiancélg] erandwetgencehd pura
portion 2111 and ige sar gse of the iqimganﬁc i nsul atin fk%n1100.
PO ayes; 3L eRfing 4T 625 SHPRHERIBr HBE BPTRE SN
mlling gr et ¢hj u h S . s shown
in Figs. gGS%?dégé? iéggggg?i I%m%g: q{}% %éf%?%%cc’lrgﬁdt ﬁgdo_rlg%%i)%tel%sul ating
film100 andyy &npPDhSubatihgn 3l ofs ! harf ithd pPaeeht Cehbbilidbntlhe
gap film22 is formed along the step, and thus the surface of a
portion of ttlee gapili supfértdngedrnsh idwelatingpbheuperttingn 2lm i35 | ower
than the surface of a . .

is formed such that its surface level is lower than a

surface level of the pole portion 211 6% the first

10 magnetic film 21 by a distance d,.

Next, as illustrated in Figs. 62 and 63, an
inorganic insulating f£ilm 100 is formed on the coil
_supporting and isolating insulating film 25, pole
portion 211 of the first magnetic film 21 and an

15 exposed surface of the substrate 1. It should be
noted that a thickness of the inorganic film 100 is
larger than the distance d,.

Next, as shown in Figs. 64 and 65, the

inorganic insulating £ilm 100 is polished by the

20 chemical-mechanical polishing to obtain a planar
surfaces of the pole portion 211 and organic
insulating film 100. By this planarizing process, the
pattern edge 210 of the pole portion 211 of the first
magnetic £ilm 21 is further clarified.

25 Then, as depicted in Figs. 66 and 67, the
surface of the pole portion 211 is etched to form a
step having a di_stance g, between the pole portion 211

and the surface of the inorganic insulating £ilm 100.



portien of the gap filmformed on the inorganic 10 insulating film 100 by

a distance g[err] corresponding to the distance g[err]. In the gap
film22, there is also formed a through hole 220 at the island 14 in

t he recessed portion 13. Next, as illustrated in Figs. 70
and 71, a 15 second magnetic film 23-i31fernmed on the gap film 22.

The groove having a depth g[err] is filled wth the magnetic materi al
to forma protrusion 231 which constitutes a pole portion of the
second magnetic film 23. The pole portion 231 is opposed to the pole
20 portion 211 of the first magnetic film21 via the gap film22, and
the second nmagnetic film23 also has a connecting portion 232 which is

this manner, accor g econ | nvent [ on, a
wi dt h of thenipmli&@%irl queeérotetwﬁng usﬁ@&oaﬂcfxaﬁgﬁﬂblsﬁ\afl Im23 is

coupl ed Wit lifle diditng profBBReRhy Hd MaledlfelNy! braugh ol e 220 In

defined by a wwdth of the pole portion 211 of the first magnetic film
21, and t her ef dlexti,t ass ghosenbie Fagkor 68 kemdw69i ng gapefilm
- 72 - having a mnimzed width., Therefore, the surface

recor di ng déﬁ%l%%’%mﬁmﬁ@gﬁnfFB&U@%&PH&anﬂ$91@FlFﬁefllm 1@@gﬁ%¥ic head can
b d th fil.on 2 d

Che 11 at SouRoks RIFEH oAb Ir pEmtes Todek dhedetic’ Eidbnadi-c FPRm can be
formed to hs % PLRCES 1 RAELSHRA alodgy éﬂﬂé peepo! ahtmm@xehe

Next, sim |l ar "processes to those shownn
surface of a portion of the gap film 22 formed on the

pole portion 211 is lower than the surface of a
portion of the gap film formed on the i;organic

10 insulating film 100 by a distance g, corresponding to
the distance g,. In the gap film 22, there is also
formed a through hole 220 at the island 14 in the
recessed portion 13.

Next, as illustrated in Figs. 70 and 71, a

15 second magnetic film 23 is formed on the gap f£film 22.
The groove having a depth g, ié filled with the
magnetic material to form a protrusion 231 which
constitutes a pole portion of the second magnetic film
23. The pole portion 231 is opposed to the pole

20 portion 211 of the first magnetic film 21 via the gap
film 22, and the second magnetic film 23 aiso has a
connecting portion 232 which is coupled with the first
magnetic film 21 via the through hole 220. In this
manner, according to the second aspect of the

25 invention, a width of the pole portion 231 of the
second magnetic film 23 is defined by a width of the
pole portion 211 of the first magnetic film 21, and

therefore it is possible to form the writing pole



Figs. 49-54 are coriducted to obtain the inverted 10 hybrid type thin film

magnetic filmillustrated in Figs. 55 and 56. Figs. 72-86
show successi ve steps of another enbodi ment of the method of

manuf acturing the inverted hybrid type thin filmmagnetic film shown
in Figs. 55 15 and 56. As-shdwa in Figs. 72 and 73, a

depr essed portion 13 is forned in a surface of a substrate 1 by

means of the previously explained process. Then, as illustrated
in Figs. 74 and 75, after 20 a first magnetic film 21 has been fornmed on
an inner surface 131 of the recessed portion 13 and on a surface
of the substrate 1, a netal film 200 is forned at least on a pole

portion 211 of e, 11 ShuTRINELCujach, | KEZbecl I B e Elgphavi ng a

sel ective etchin property w respect to the u ying first

nmagnetic rdddidilng Tdensetpl ahlll AEGR0 frynhendpderepedy bif, the TiN

Ta or Ni when the first magnetic film21 is nade of pernmal | oy.
- 73 - magnetic INexd,cas bél umpratvesiin Fig. 76, a thin film
coil including coil turn |ayers 241, 242 and coil supporting _and

i sol ating insulating ﬁipIﬁeZB:_h% Sf%ﬁ‘f?ﬁb@l magnekichifi e 3 éc%s%‘é’é_“ﬁ@r PFon 13.
< formod S e FEEPIEFEEL0 B Dol 20, e, hREHHACL 111 100
film21 and nB{g@netic £filM €0 be formed to have a precise pattern

by the photolithography.

Next, similar processes to those shown in
Figs. 49-54 are conducted to obtain thé inverted

10 hybrid type thin £ilm magnetic film illustrated in
Figs. 55 and 56.

Figs. 72-86 show successive steps of another
embodiment of the method of manufacturing the inverted
hybrid type thin film magnetic film shown in Figs. 55

15 and 56.

As shown in Figs. 72 and 73, a depressed
portion 13 is formed in a surface of a substrate 1 by
means of the previously explained process.

Then, as illustrated in Figs. 74 and 75, after

20 a first magnetic film 21 has been formed on an inner
surface 131 of the recessed portion 13 and on a
surface of the substrate 1, a metal film 200 is formed
at least on a pole portion 211 of the first magnetic
film 21, said metal film having a selective etching

25 property with respect to the unaerlying first magnetic
film 21. The metal film 200 may be made of Mo, Ti,
TiN, Ta or Ni when the first magnetic £ilm 21 is made

of permalloy.



Then,. as shown in Figs. 79 and 80, the surface 10 of the inorganic
insulating film 2100 is polished until the surface of the netal film
200 i s exposed. Next, as illustrated in Figs. 81 and 82, the
exposed netal film 200 is selectively etched away to expose the
surface of the pole portion 211 of the 7% -first magnetic film21. This
sel ective etching may be performed by a dry etching using freon series
gas when the first magnetic film21 is nade of pernalloy and t he
metal film 200 is nmade of nol ybdenum Then, as clearly shown in Fig.
82, a step having a distance g[err] 20 is forned between the exposed
surface of the pole portion 211 and the surface of the inorganic

insulating film 100.ySatd gbsgqqg%ﬂyégéd £Rr FegpoONgs %Qﬁhln £11hi ckness
of the metal film 200. Next, as shown in Figs. 83 and 84, a gap

film 25 22cbilf dnmdtidimg heopbl eupar Lager2l R4df, t42 famdtcoil nmagnetic
film21 and the inorganic insulating film 100. The gap film 22 has a
step haV|ng §uﬂp§?§n@§gﬂnﬂr4501at139rié§ﬁémﬁhﬂ¥tﬁilﬂkﬁ i s8afiesmgPerr] .

74 hen, as_illustrat in Figs. 85 and 86, a
second nagneWFEhFPIﬁhﬁ3ﬁ%§?§ﬁ%@d98ﬁt%ﬁ5 ggp filn?22 During the

for mat [ or\‘fi of the. seclgg gget(ie%lzéééa Zﬁitl@.%%?es-]grg dusilson %;'}1 is fornmed

in said step. This protriasio cons e portion of the
second nagnetiherganMc2F i COOMELE| RErReG! ooh the? élibstratéhﬁ speQled

magnetic film23 is connected to the first
portion 211 of the first magnetic film 21 and metal
film 200.
Then, as shown in Figs. 79 and:éo, the surface
10 of the inorganic insulating film 100 is polished until
the surface of the metal film 200 is exposed.

Next, as illustrated in Figs. 81 and 82, the
exposed metal film 200 is selectively etched away to
expose the surface of the pole portion 211 of the

15 first magnetic film 21. This selective etching may be
performed by a dry etching using freon series gas when
the first magnetic film 21 is made of permalloy and
the metal f£ilm 200 is made of molybdenum. Then, as
clearly shown in Fig. 82, a step having a distance g,

20 1is formed between the exposed surface of the pole
portion 211 and the surface of the inorganic
insulating film 100. Said distance g, corresponds to a
thickness of the metal £ilm 200.

Next, as shown in Figs. 83 and 84, a gap film

25 22 is formed on the pole portion 211 of the first
magnetic f£ilm 21 and the inorganic insulating £ilm 100.
The gap film 22 has a step having a distance g,

corresponding to the distance g;.



magnetic film21 via a through hole 220 fornmed in the - gap film22. 10

After that, steps simlar to those shown in Figs. 49-54 are conducted
to obtain the inverted hybrid type thin filmnmagnetic filmillustrated
in Fi gs. 55 and 56. Fig. 87 is a cross sectional view
showing a 15 third enbodi ment of the-fhin filmmagnetic head

according to the second aspect of the invention, and Fig. 88 is a
cross sectional view cut along a |line 88- 88 in Fig. 87. The magnetic
head of the present enbodi nent is also constituted as the inverted
hybrid 20 type thin filmmagnetic head. In the present

enbodi nent, the groove forned above the pole portion 211 of the first

tic fil h i d | I d | m 22 d
pr ot rusi on 231 cons%%?ﬂilsﬁlﬁnt(iﬂé‘ AR TBnEdR e nES 89 ot magnet |
film23 4 1 It
1m 23 is Lapmedh b g f0US: 1APSSCds corfloRe %%Q?%%Eggtgn g Wi ting

pole of the In recor I ng e enent ave a

mnimzed puritigdithe formation of the second magnetic £iim/23-, a
Now a met hod of manufacturing the nmagnetic head illustrated in Figs.

87 and 88 wbkbthasdxpl A3ledis formed in sEiigh.st8%p 97 Tdries cr oss secti onal
vi ews show ng successi ve stegs of the nethod of manufacturing the 5
nagnetl65heBHO&ﬁ&%ﬁQR133@F#2EStB uggg @gpole portion ¢f the present

g;b;)ﬂ:amant ec%t rd’j(fr'{aug[neetlc flimuﬁgr.atfdclopm@ S:ang'Esgpoarr'clon é?zf' st formed

the second magnetic film 23 is connected to the first
magnetic £ilm 21 via a through hole 220"fonmed in the
gap f£ilm 22. )

10 After that, steps similar to those shown in
Figs. 49-54 are conducted to obtain the inverted
hybrid type thin film magnetic f£ilm illustrated in
Figs. 55 and 56.

Fig. 87 is a cross sectional viéw showing a

15 third embédiment of the thin film magnetic head
accoxrding to the second aspect of the invention, and
Fig. 88 is a cross sectional view cﬁt along a line 88~
88 in Fig. 87. The magnetic head of the present
embodiment is also constituted as the inverted hybrid

20 type thin film magnetic head.

In the present embodiment, the groove formed
above the pole portion 211 of the first magnetic film
21 has inclined side walls and the gap film 22 and
protrusion 231 constituting the pole portion of the

25 second magnetic film 23 is formed in the thus tapered
groove. Therefore, the writing pole of the inductive
recording element 2 can be formed to have a minimized

width.



sanme steps shown in Figs. 57-65 of the previous enbodi ment. That is to
say, the surface of the pole 10 portion 211 of the first nmagnetic film 21
is etched to be |l ower that the surface of the inorganic insulating
film 100 formed on the substrate 1. In this manner, the groove is
formed to have a depth g[err]. - 75 -Then, as shown in Fig. 91, side
wall's of the 15 groove defined by the inorganic insulating film 100

are etched to forminclined side walls 101 and 102. Next, as
shown in Figs. 92 and 93, the gap film 22 is fornmed on the pole
portion 211 of the first magnetic film 21 and on the surface of the

i norganic 20 insulating film 100. Then, as illustrated in

Figs. 94 and 95, theyy 5 FEEABH BRIREN J&ﬂﬂ%?giﬁl{l%?nﬁggﬁe‘%ﬁé hagep film

23. The protrusion 231 of the secoﬁgfnagnetlc constitutes
t he pol e porilibasvhaebd snopresed 8D &he€ 885whdlle bpordxpiaiddof the first
magnetic film21 via the gap film 22. ] . I'n this enbodi nent,
the groove is defindiidy. 89-9%hergpwraly sgehionsldviews shoddirgnd 102 of
t he ) - 76 - inorgggic

i nsul ating fFERFEBELVEpSTaPTe FortheiBRtBPD of mapufacEyring 28hand pol e
portion 231 . Se . eflcofjilm 23, jals of these filns
can be % é@?é%?%%eﬁ%g e&%ﬁﬁéﬁ?ﬁ&%ﬁiﬁggké é?ogﬁ§ erefore, 5 the
witing pole of the idugti ¥eekee® EnlbBR®N! a striidtur@ a mnim zed

wi dt h can be manufactured uniformy on a mass production scale.
illustrated in Figs. 89 and 90 is first formed by the
same steps shown in Figs. 57-65 of the previous
embodiment. That is to say, the surfad; of the pole
10 portion 211 of the first magnetic film 21 is etched to
be lower that the surface of the inorganic insulating
£ilm 100 formed on the substrate 1. In this manner,
the groove is formed to have a depth g,.
Then, as shown in Fig. 91, side walls of the
15 groove defined by the inorganic insulating film 100
are etched to form inclined side walls 101 and 102.
Next, as shown in Figs. 92 and 93, the gap film
22 is formed on the pole portion 211 of the first
magnetic f£film 21 and on the surface of the inorganic
20 insulating f£film 100.
Then, as illustrated in Figs. 94 and 95, the
second magnetic‘film 23 is formed on the gap film 23.
The protrusion 231 of the second'magnetic film 23
constitutes the pole portion which is oppdéed to the
25 pole portion 211 of the first magnetic film 21 via the
gap film 22.
In this embodiment, the groove is defined by
the upwardiy opened side walls 101 and 102 of the |



Next,.as depicted in Figs. 96 and 97, the surface of the second
magnetic film23 is planarized 10 by polishing. After that, the steps

shown in Figs. 49-54 are carried out to obtain the thin film
magnetic head illustrated in Figs. 87 and 88. Fig. 98 is a
cross sectional view show ng a fouféh-enbodi ment of the thin film
magneti-c head 15 according to the second aspect of the invention, and
Fig. 99 is a cross sectional view cut along a |ine 99- 99 in Fig. 98.
In the present enbodi nent, the first magnetic filmis forned by a
plurality of magnetic . films 233 and 234 having different saturation

magnetic 20 flux densities. At |east one of said plurality of
magnetic fi |1%ﬂg%ﬂ!?3éjel£§u§a9§ﬂ§egthmt{ﬁf' Alpdi e formBR3od Righer

saturation magnétic flux density than the remai ni ng nmagnetic fil nms.
Preferably, thiee gagneilm 22 an8i pasuléapdig:itdste h3phest that gealom@h nmagnetic
flux 25 density (H -Bs material) is brought is contact with the gap

film22. magnetic Bikpndds upateyieds sstdresaghtime fapmbs a
T S P ] et
o0 8k U AL GBS AT O SHEEBER i, BRSO
a usual per maklie¥y éh@muﬁlzgagmaw fdaﬂnﬁé&naﬁufa@tﬁ&éa %m:miﬂvoy of
Ni - 50% and Fe-50% According to the invention, both the magneti c
filnms 233 amh 234namy Peodudeioh Hicabs.
Next, as depicted in Figs. 96 and 97, the
surface of the second magnetic film 23'1s planarized
10 by polishing. After that, the steps shown in
Figs. 49-54 are carried out to obtain the thin £ilm
magnetic head illustrated in Figs. 87 and 88.
' Fig. 98 is a cross sectional view showing a
-fourth embodiment of the thin film magnetic head
15 according to the second aspect of the invention, and
Fig. 99 is a cross sectional view cut along a line 99-
99 in Fig. 98. In the present embodiment, the first
magnetic film is formed by a plurality of magnetic
films 233 and 234 having different saturation magnetic
20 flux densities. At least one of said plurality of
magnetic films is made of a magnetic material which
has a higher saturation magnetic flux density than the
remaining magnetic films. Preferably,_the magnetic
film having the highest saturation magnetic flux
25 density (Hi-Bs material) is brought is contact with
the gap film 22.
By constructing the second magnetic film as a

multi-layer f£ilm, the magnetic flux can be constricted



magnetic material . Now a nethod of manufacturing the nagnetic
head 10 illustrated in Figs. 98 and 99 will be explained with

reference to Figs. 100-108. Figs. 100 and 101 correspond to
Figs. 89 and 90, respectively of the previous enbodi nent. By etching
the surface of the pole portion 211 of The-first 15 magnetic film 21,
there is fornmed the groove having a depth of g[err] above the pole
portion 211. Next, as depicted in Figs. 102 and 103, the gap
film22 is formed on the pole portion 211 and on the I norgani c
insulating film2100. It should be noted 20 that above the pole portion
211, there is forned the groove having a depth g[err] corresponding to

the depth obeih] mare effectivaiencoATralall It FLgowrfnd ohs, a |over

magnetic fi I's formed on t gap

ilTustratedand filgsrefidbe afHe 181 ght Feeqfersdy fReSpof tyhanbower faRaNet i C
film233 is etched until the gap film22 on the insulating filnms 100
i s exposed. recordimg hiensihvecant be [fowdthemgirgpiroved) m@B8éni the
remained only within the groove. This etching ma

- 78 - magneloiftiuct B8 $§2ansi BAdR A5 Ry lb?u%uggﬁmaétlem'n@:hﬁi ng
i 'm 2545, STRSIREE SrEt B FonePRabRoties |7 93380108 0 MaoPha
| nor gani ¢ !s%?llr?gqt)éf-r?)h%e T RIQraifgt BbSthe iR on | NSoERCOA MagNEtic

magnetic films 233 and 234 may be made of Hi-Bs

magnetic material.

Now a method of manufacturing tﬁe magnetic head
10 illustrated in Figs. 98 and 99 will be explained with

reference to Figs. 100-108.

Figs. 100 and 101 correspond to Figs. 89 and 90,
‘respectively of the previous embodiment. By etching
the surface of the pole portion 211 of the first

15 magnetic f£ilm 21, there is formed the groove having a
depth of g, above the pole portion 211.

Next, as depicted in Figs. 102 and 103, the gap
film 22 is formed on the pole portion 211 and on the
inorganic insulating film 100. It should be noted

20 that above the pole portion 211, there is formed the
groove having a depth g, corresponding to the depth g,.

Then, as shown in Figs. 104 and 105, a lower
magnetic film 233 is formed on the gap film 22.

Next, as illustrated in Figs. 106 and 107, the

25 surface of the lower magnetic f£ilm 233 is etched until
the gap film 22 on the insulating films 100 is exposed.

In this manner, the lower magnetic f£ilm 233 is

remained only within the groove. This etching may be



] oner, and upper magnetic filnms 233 and 234 can be obtained. It should

be noted that the | ower nmagnetic film233 constitutes the pole portion
of the second 10 nmagnetic film and thus the second nagnetic film 233,
234 has a T-shaped cross section at the pole portion. Furt her nore,

al so in this enbodi nent, the upper - ggagnetic film 234 has the flat
surface, which facilitates the precise formation of the MR elenent. 15
Succeedi ng steps are simlar to those shown in Figs. 49-54, and
finally the basic structure of the i nverted hybrid type thin film
magneti c head illustrated in Figs. 98 and 99 can be obtai ned.

Fig. 109 is a cross secti onal vieM/shomAng a 20 fifth enbodi nent of the

thin fllnlna hﬁag accorLHi1 to the sg ond aspect of the

i nventi on. t? Ye Mo di At r BCeSBEY Y56 TS i %5189 ned in

t he surface % 5@ pgg% ghody 11 of the substrate 1, and then the

I nsul ating fi %1 2 rned on the inner 25 surface 131 of the recessed

portion 13 as well age®f, as shBémsukf agey of108e GRENUPPSY hhgnEiEic
remai ni ng structure of the present enbodinment is identical with

that of the ﬁibmiaaé ésbdimmeat @hovime i howegsma§hedricc £ilm 233 as

79 In this enbodi nent,_a thickness of the insulating
Film 12 PRy %@1%eF§ §PﬁIanﬁﬁﬁﬁ#ﬁn%ﬂ%N%aFh@gh§&@m 100 i 43 g2tisn property
can be inproved.

| h
S edl menitgtner, theesesrid Hadivsid it RRRANIRIE o el Shom N0 AN
accordi ng t oy byt BB vERREC inflind e fllmergsgntaﬂwmw& Feg. 111is a

cross sectional view
obtained. It should be noted that theulower magnetic
film 233 constitutes the pole portion gf the second
10 magnetic f£ilm, and thus the second magnetic film 233,
234 has a T-shaped cross section at the pole portion.
Furthermore, also in this emboaiment, the upper
~magnetic film 234 has the flat surface, which
facilitates the precise formation of the MR element.
15 Succeeding steps are similar to those shown in
Figs. 49-54, and finally the basic structure of the
inverted hybrid type thin f£ilm magnetic head
illustrated in Figs. 98 and 99 can be obtained.
Fig. 109 is a cross sectional view showing'a
20 fifth embodiment of the thin film magnetic head
according to the second aspect of the invenfion. In
this embodiment, the recessed portion 13 is formed in
the surface of the main body 11 of the substrate 1,
and then the insulating film 12 is formed on the inner
25 surface 131 of the recessed portion 13 as well as on
the surface of the main body 11. The remaining
structure of the present embodiment is identical with

that of the previocus embodiment shown in Figs. 55 and



illustrating a part of the magnetic head shown in Fig. 110 on an

enl arged scale and Fig. 112 is a cross 10 sectional view cut along a line
112-112 in Fig. 111. Fig. 113 is a perspective view showi ng the
magneti c head, and Fig. 114 is a plan view representing a

position of a bonding pad relative toth® thin film coil. 15

In the present enbodinent, the structure of the I nducti ve recording

el enent 2 and nagnetoresi stive readi ng elenent is identical with that
of the first enbodi ment of the thin fil mmgnetic head according to
the first aspect of the invention shown in Figs. 1-3. 20 1In the present
enbodi nent, on the third nmagnetic film 4 and second shield gap film7,
is providedsg firgt this cRIEGdron, 4l fh2bkneade o .tHOrihHst angagal um na.
On this first protection film 261, there is provided a bondi ng
pad 27 at afpdmt iloh nsupbsbanteny| gmabdve arte tldreforeé thenhkayers 241 and
242 of the thin filmcoil, sai d bondi ng pad_consisting of an

under | yi ng fdSgiration jgreprerty 68N &¢ FHRNRVEdrst protection film 261

and a netal fi%n127§ §pplied on the ungerl ingfnetal Ig¥er

- 80 - 272F18s 4GS @ ST 185CERET R dFISH P HEERY Pyer
271 s conneahet it GOPdUGLT YRVBLHEGR i EheSe thinC@AfgCted to one
end of the thin filmcoil. AS illustrated in Fig. 113, the

substrat e lmagneminsthéad escostiiflgr thawhy tierdi aspeati 6§ swef ace 10
on which a tip of the witing pole of the inductive
present invention, Fig. 111 is a cross sectional view
illustrating a part of the magnetic head shown in
Fig. 110 on an enlarged scale and Fig. 112 is a cross

10 sectional view cut along a line 112-112 in Fig. 111.
Fig. 113 is a perspective view showing the magnetic
head, and Fig. 114 is a plan view representing a
position of a bonding pad relative to the thin film
coil.

15 In the present embodiment, the structure of the
inductive recording element 2 and magnetoresistive
reading element is identical with that of the first
embodiment of the thin film magnetic head according to
the first aspect of the invention shown in Figs. 1-3.

20 In the present embodiment, on the third magnetic film
4 and second shield gap film 7, is provided a first
protection film 261 made of, for instance alumina. On
this first protection f£ilm 261, there is provided a
bonding pad 27 at a portion substantially above the

25 coil turn layers 241 and 242 of the thin film coil,
said bonding pad consisting of an underlying metal
layer 271 applied on the first protection filﬁ 261 and
a metal £ilm 272 applied on the underlying metal layer



recording elenent 2 and a tip of the reading MR el ement 3 are exposed.
In the present enbodi nent, the air bearing surface 10 is forned to be
flat, but 10 according to the invention, the air bearing surface may
have any desired geonetric configurations. The slider 1 is cut out of
a wafer and the bearing air flows gm a direction of a thickness of the
waf er as I ndicated by an arrow a froma leading side wall LEto 15 a
trailing side wall TR The above nenti oned bondi ng pad 27 is provided
on the trailing side wall TR of the slider 1. On this trailing side
wal | TR of the slider 1, there are further provided bondi ng pads 28,
33 and 34. As stated above, the bondi ng pad 27 is connected 20 to

t he one end th th n fil.m angd _t he. bondi .__pad,_28 is connected
to the othe?ggn Yhi t?h TfOCng ?ﬁ§%%%¥ﬁqﬁl$35§§ah8 Y&&nnect ed
to respectiv 53H§ h R 0 ng to the
third aspect of the |nJ%§§?§nEONB %b%he bgﬁgfﬁahﬁ%dz%g W?é%%bv?%ed above
the thin filddnnecteadito stial thdt of @by athiq] efilmoéoihe bondi ng pad 27
situates within the thin filmcoil as shown in Fig. 114, said center
Cerr] being definedsbyldustusated in Fig. 113, the substrate 1 -
81 - poi nt of horliiL tal _and vertical, bisecting lines (JQerr] and

Cerr]. ¥n eoglstﬂwt% 48t trisn tleveﬁ'@ tHi% 347 bedringspurface Jfh, the

d
Corface ar exbiich A eb08¥Cche SRl pote GEOMR, sRARGEICCT @
utilized recﬁa‘xfdlqtger@iaméﬁe Qaanetear Ay sl &t@reéaasngtm sl ider 1

can be mnimzed, and thus a floating posture of the
element 3 are exposed. In the present embodiment, the

air bearing surface 10 is formed to be %lat, but
10 according to the invention, the air bearing surface
may have any desired geometric configurations. The
slider 1 is cut out of a wafer and the bearing air
flows in a direction of a thickness of the wafer as
indicated by an arrow a from a leading side wall LE to
15 a trailing side wall TR. The above mentioned bonding
pad 27 is provided on the trailing side wall TR of the
slider 1. On this trailing side wall TR of the slider
1, there are further provided bonding pads 28, 33 and
34. ‘As stated above, the bonding pad 27 is connected
20 to the one end of the thin film coil and the bonding
pad 28 is connected to the other end of the thin film
coil. The bonding pads are connected to respective
ends of the MR element 3.
According to the third aspect of the invention,
25 the bonding pad 27 is provided above the thin f£ilm
coil such that a center C, of the bonding pad 27
situates within the thin film coil as shown in

Fig. 114, said center C; being defined by a crossing



slider 1 can be stabilized, the nunber of thin film magneti c heads
whi ch can be manufactured froma single 10 wafer can be increased, and the

magneti ¢ di sk devi ce usi ng the magnetic head can be mnim zed. Since

t he hybrid type thin fil mnmagnetic head, the nunber of bondi ng
pads requires a relatively | arge nunber gaf - bondi ng pads, the provision
of the bonding pad above 15 the thin filmcoil is particularly

advant ageous. Now a met hod of manufacturing the inverted

hybrid type thin fil mnmagnetic head of the present enbodi mrent wi Il be
explained with reference to Figs. 115-119. 20 As stated
above, the basic structure of the I nductive recording elenent 2 and MR

CIEMent 3 1 $otne SEHLLIALAN L0at, ol 06) CRPOULTTAL YN 0 ang Pl s

1-3, and the ore after "Carrying out _ _ _ gs.
4-19, the figst prowget.iand iR 23 261chsthr eHedathion fimtbbid magnetic

film4 and on t he exposed surface of the second shield gap film?7 as
depi cted in HIPs.tlé5rasdsttd pbreifor Si3 pamdflegioone 15 &rdd mId&d may be
formed by an alumna film a - 82 -

conbi nat i on Btownt si | orhbRi Wanperm andugifagempea of the| frad ldgebi nati on
of a silicon oxide film.and a Silicon nitride fiLl.moy a conbinati on of
an aluniha SlééfW? a Q%SFH%xﬁ}¥éﬁ¥ki#??ﬂ158p851%3ﬂ$_ large 5 anmount
?LepPFZPhor%&fﬁchﬁeﬂy and can be t&lcedS TRUSLESLE] LRFig1gl/ ©On

1l can be minimized, and thus a floating posture of the
slider 1 can be stabilized, the number of thin film
magnetic heads which can be manufacturea from a single

10 wafer can be increased, and the magnetic disk device
using the magnetic head can be minimized. Since the
hybrid type thin f£ilm magnetic head, the number of

‘bonding pads requires a relatively large number of
bonding pads, the provision of the bonding pad above

15 the thin film coil is particularly advantageous.

Now a method of manufacturing the inverted
hybrid type thin film magnetic head of the present
embodiment will be explained with reference to
Figs. 115-119.

20 As stated above, the basic'structure of the
inductive recording element 2 and MR element 3 is
identical with that of the embodiment shown in
Figs. 1-3, and therefore after carrying out the steps
illustrated in Figs. 4-19, the first protection film

25 261 is provided on the third magnetic film 4 and on
the exposed surface of the second shield gap film 7 as
depicted in Figs. 115 and 116. The first protection

film 261 may be formed by an alumina film, a



surface of the first protection film 261, is provided t he underlying
netal |ayer 271 at a portion substantially above the thin film coi
241, 242. The 10 underlying netal |ayer 271 may be deposited by any

known met hod. Then, as depicted in Fig. 118, a second
protection film262 is provided on the ggposed surface of the first
protection film261 in the vicinity of 15 the air bearing surface 10 and
on a part of the underlying netal |ayer 271 except for a bonding pad
form ng regi on 260. Next, as shown in Fig. 119, the netal film
272 I's provided on the underlying netal layer 271 within 20 the
region 260 to fornlthe bondi ng pad 27. The bondi ng pad 272 is forned

by plating an SUIta ductlve tg% uch_as aIu num and copper.
PP R RS ofap GRACOR B i BHand e 4 The

remai ni ng bardiyng £39§n£§na§§oﬁ”@f3% asflelﬁ’féﬁ’ o§§ OE‘I&Q\ and a Fi gs.

120 is a perspective view show ng a a first enbodlnent of

the invertegiliyon nitridigpeitlthi o id radmg:tmu;ohead aeC @ldimichd o0 t he
fourth - 83 - aspect of the
i nvention, Migmi@idia aitioon oxdderfillm dopeflewithi @ 122des a cross

sectional view cut a %gg line_ 122-122 in Fig. 121, and Fig. 124 is a
pl an view amoyn§ Q% BRPABGLRPRESHGL KPR rel ati onship between the 5 thin

fi1mcoi | and the bauding fach, TheDAELA in PiY YHH) Cofl chBe chiquct i ve

recording elenment 2 a
surface of the first protection film 261, is provided

the underlying metal layer 271 at a portion
substantially above the thin film coil 541, 242. The

10 underlying metal layer 271 may be deposited by any
known method.

Then, as depicted in Fig. 118, a second
protection film 262 is provided on the exposed surface
of the first protection £ilm 261 in the wvicinity of

15 the air bearing surface 10 and on a part of the
underlying metal layer 271 except for a bonding pad
forming region 260.

Next, as shown in Fig. 119, the metal film 272

is provided on the underlying metal layer 271 within

20 the region 260 to form the bonding pad 27. The
bonding pad 272 is formed by plating any suitable
conductive metal such as aluminum and copper. It
should be noted that when the bonding pad 27 is formed,
the remaining bonding pads 28, 33 and 34 are also

25 formed.

. Figs. 120 is a perspective view showing a
slider of a first embodiment of the inverted hybrid
type thin film magnetic head according to the fourth



element 3 is identical with the enbodinent illustrated in Figs. 36-38.

That is to say, the thin filmcoil 241, 242 are forned within the
recessed portion 13 10 formed in the substrate 1, the first magnetic film
21 is provided on the inner surface 131 of the recessed portion
13 and has the pole portion 211 forned within the groove 15 forned in
the substrate 1, the gap film 22 is formed on the co-planar surfaces
of the pole 15 portion 211 of the first magnetic film21 and the coi
supporting and isolating insulating film25, the second magnetic film
23 is forned on the gap film 22 and has the pole portion 231 which is
opposed to the pol e portion 211 of the first magnetic film 21 via t he

film | d h hird fil
23 via the (18CkNPE A Bag HAH S ars LEEnd% Al AF AT PR 4 15
formed on th\‘?léﬁcof‘gg 122 3% ¢ %ﬂ?&’sféé@tzonhﬂ Vi‘;evprc‘i‘i“terglc?r@og' rrent the

first protection film=261 is forned on the third 25 magnetic film4 as

wel | as on thineetprdizhi énd Fgap. 121 fidmd7 Fide vpdetbyanglews atidwyer 271
i's provided on the first protection film 261, the second protection
film262 is plbu$u§dt@ngtMQGWpQ§1¢qu@ktrahatnbmsbap between the

pad 27 abovethhe Ehil FPih Bt S, bondihg Badr SRBANDASIC in Fig. 194
Xgesﬁgaglpg %?g?g§§5§ ?%”?ﬁ&}%&gég% enbo ?ﬁgn?ngfiﬁgaéggajr earlhg °
surface 10 iélé@éﬂEdeisaiE@ﬂtiHal with the embodiment illustrated
in Figs. 36-38. That is to say, the th§n film coil
241, 242 are formed within the recessed portion 13
10 formed in the substrate 1, the first magnetic f£ilm 21
is provided on the inner surface 131 of the recessed
portion 13 and has the pole portion 211 formed within
the groove 15 formed in the substrate 1, the gap film
22 is formed on the co-planar surfaces of the pole-
15 portion 211 of the first magnetic film 21 and the coil
supporting and isolating insulating film 25, the
second magnetic film 23 is formed on the gap film 22
and has the pole portion 231 which is opposed to the
pole portion 211 of the first magnetic film 21 wvia the
20 gap film 22, the MR element 3 is formed on the third
magnetic f£ilm 23 wvia the first shield gap film 6, and
the third magnetic film 4 is formed on the second
shield gap £ilm 7. In the present embodiment, the
first protection film 261 is formed on the third
25 magnetic film 4 as well as on the second shield gap
film 7, the underlying metal layer 271 is provided on
the first protection £ilm 261, the second protection

film 262 is provided on the first protection film 261



rails, Rlerr] and R err], which extend in the direction a of the

bearing air flow. The inductive recording el enment 2 and MR el enent 3
are formed on a side of a trailing 10 edge TR of the beating air flow,
which is opposite to a |l eading edge LE fromwhich the bearing air flow
IS taken into the space between thggair bearing surface 10 and
the magnetic record disk. The rails R err] and R err] are forned to
have tapered ends on a side of the 15 |eading edge LE. Typically, the
slider has a t hi ckness smaller than 0.65 mm a width of 1-2.5 nmm

and a length of 1-3 mm and the rail has a wi dth of 0.3. Then, the
slider can float stably above a magnetic disk wwth a very small air
gap in the order ZQOrof 0.1 ructure of the

. The .basi
Pnduct i ve r EGIRnGtOT  EhE| @ﬁ%ﬁﬁr%ﬁﬁuW@%?ﬁ@%?&ﬂ%ﬁ{t@éﬂt Fnvert ed
hybrid type g 1 AELUBORAL] epat iy Ly prEReNt 2gp acemBrl MRy De

manuf act ur e e steps strated 1 n Figs. , e steps
shown in in FOs. 145- 11Pharsopaihgr ped 127 fid nedhecboadi 8g pakd

structure. Figs. 125 and 126 are cross sectional views
- 85 - end achovhegthivefddth ewhdddi nent of the inverted hybrid
type thin filmmagnetic head according _to the fourth aspect, of the
i nventi oR. The basi ASstFRRWYr 2 oFighel20, ¥4uﬁh§iR¥?$%%Br8WE@dém9%§n 2

SOCE L IENE SR WO, i it R
rails R, and R,, which extend in the direction a of the
bearing air flow. The inductive record?ng element 2
and MR element 3 are formed on a side of a trailing

10 edge TR of the beating air flow, which is opposite to
a leading edge LE from which the bearing air flow is
taken into the space between the air bearing surface
10 and the magnetic record disk. The rails R, and R,
are formed to have tapered ends on a side of the

15 leading edge LE. Typically, the slider has a
thickness smaller than 0.65 mm, a width of 1-2.5 mm,
and a length of 1-3 mm, and the rail has a width of
0.3. Then, the slider can float stably above a
magnetic disk with a very small air gap in the order

20 of 0.1 um. _

The basic structure of the inductive recording
element 2 and MR reading element 3 of the inverted
hybrid type thin film magnetic head of the present
embodiment may be manufactured by the steps

25 illustrated in Figs. 39-54. Then, the steps shown in
Figs. 115-119 are performed to form the bonding pad
structure.

Figs. 125 and 126 are cross sectional views



‘the recessed portion 13 fornmed in the substrate 1, the first magnetic
film21 is provided on the inner surface 131 of the recessed portion
13 and has the 10 pole portion 211 fornmed on the substrate 1, the gap
film22 is formed on the inner surface of the groove defined by the
pol e portion 211 of the first magnetic gs ~film 21 and inorganic

I nsulating film 100, the second magnetic film23 is formed on the gap
film22 and has 15 the pole portion 231 constructed by the protrusion
extending fromthe | ower surface of the second magnetic film23 into
t he groove, the MR elenent 3 is formed on the third magnetic film 23
via the first shield gap filmo6, and the third magnetic film4 is 20

f d th d shi fi 7. Al t.h
enbodi ment | ?ﬂ%e??l?lsessﬁfﬁoe?cfa%w Thidngrofdchd WiereeaPIoBRAG |

i fil [ L, |
o591 | EhPeoRARe Ik Wbt fo nedBPabliofdlng o WOHEM EXLERRTE S

protection fakpedt2ofs i Virdesh©iohhe The Sbasic sRi@ictiderof itme 261

except for the netal film 272 constituting the bonding pad 27 above

the thi n fil apductivel retdig. ell'hmebbnai agdp ¥R lémerbndetsed to one
end of the thin film_coi The inverted hybrid

type tml5leﬁ?ﬁﬁéﬁégI@1th th%a%mPPﬁﬁ@?Pété&lqﬁqﬁiﬁ?dlﬁg Eh6512§5nay be
E7Ted BY ) pe BRI Sole SHOmaA Toa 3 Tl YEORNY,
shown in Fi gghe/2e8@s¥¥H portion 13 formed in the substrate 1, the
first magnetic film 21 is provided on ;he inner
surface 131 of the recessed portion 13—and'has the
10 pole portion 211 formed on the substrate 1, the gap
film 22 is formed on the inner surface of the groove
defined by the pole portion 211 of the first magnetic
film 21 and inorganic insulating film 100, the second
magnetic film 23 is formed on the gap film 22 and has
15 the pole portion 231 constructed by the protrusion
extending from the lower surféce of the second
magnetic film 23 into the groove, the MR element 3 is
formed on the third magnetic film 23 via the first
shield gap £film 6, and the third magnetic film 4 is
20 formed on the second shield gap film 7. Also in the
present embodiment, the first protection film 261 is
formed on the third magnetic film 4 and second shield
gap film 7, the underlying metal layer 271 is provided
on the first protection film 261, the second
25 protection £ilm 262 is provided on the first
protection f£ilm 261 except for the metal film 272
constituting the bonding pad 27 above the thin film
coil 241, 242. The bonding pad 27 is connected to one



Figs.. 115-119. Figs. 127 and 128 are cross sectional views
depicting a third enbodi nent of the inverted hybrid 10 type thin film

magneti ¢ head according to the fourth aspect of the present invention.
The basic structure of the inductive recording element 2 and MR

el ement 3 is identical with the en&diment illustrated in Fi gs.
87 and 88. In this enbodinent, the groove 15 defined by the pole portion
211 of the first magnetic film21 and inorganic insulating film 100
has t he tapered side walls, and the gap film22 and protrusion

231 of the second magnetic film23 are fornmed in such a groove. The

remai ni ng structure is sanme as that of 20 the enbodi nent shown in Figs.

125 and 126.eAHSOfI Bhe thith&EiPhesesil enbodi nent, the bonding pad 27 is
f or med in the pattern of the thin filmcoil 241, 242. The

i nverted hybrid typefmaihnvérneda@mhMﬁd type hehini ELdst mageetiie Fi gs. 127
and 128 may be forned 25 through, the steps shown in Figs. 89-97 and steps
i |l ustrated hﬁaﬁug%1Uf£5§EE§ in Figs. 125ppgd 1pby mane Bostareed, BYs

sectional views a third embodi.nent he | averted hybrid
S5y oM V! E¥fapgingiRES itk ot R eCord T (B L ECPBRr 1
aspect ofg thflPﬁ@E%H&é&“ﬂﬂﬂFfﬁb Tﬁf5b§§90s%kkﬂﬁﬁéﬁ¢él the inductive
recording elenment 2 and MR el ement I's |dent|cal mnth ¥he enbodi nment

i [l ustrated pérformEings thr/ secmbs%shdmm hins Fégzadi?ei86 ah@ groove
defined by the pole portion 211 of the first nmagnetic
Figs. 115-119.
Figs. 127 and 128 are cross sectional views
depicting a third embodiment of the inéerted hybrid
10 type thin film magnetic head according to the fourth
aspect of the present invention. The basic structure
of the inductive recording element 2 and MR element 3
is identical with the embodiment illustrated in
Figs. 87 and 88. In this embodiment, the groove
15 defined by the pole portion 211 of the first magnetic
film 21 and inorganic insulating film 100 has the
tapered side walls, and the gap film 22 and protrusion
231 of the second magnetic film 23 are formed in such
a groove. The remaining structure is same as that of
20 the embodimerit shown in Figs. 125 and 126. Also in
the present embodiment, the bonding pad 27 is formed
in the pattern of the thin film coil 241, 242.
The inverted hybrid type thin £ilm magnetic
head illustrated in Figs. 127 and 128 may be formed
25 through the steps shown in Figs. 89-97 and steps
illustrated in Figs. 115-119.
Figs. 127 and 128 are cross sectional views

depicting a third embodiment of the inverted hybrid



firlm21 and inorganic insulating film 100 has the tapered side walls,

and the gap film 22 and protrusion 231 of the second magnetic film 23
are formed in such 10 a groove. The remaining structure is sane as that of
t he enbodi nent shown in Figs. 125 and 126. Also in t he present

enbodi nent, the bonding pad 27 is formedgy _ in the pattern of the thin
filmecoil 241, 242. The inverted hybrid type thin film
magnetic 15 head illustrated in Figs. 127 and 128 may be forned

t hrough the steps shown in Figs. 89-97 and steps illustrated in Figs.
115-1109. Figs. 127 and 128 are cross sectional views
depicting a third enbodi nent of the inverted hybrid 20 type thin film
magneti c head acco Hlng the fourth aspect_ . of the present invention.
The basic stro& é in fRensidc head r@EGPH@%&geIté?Téme EawathvR

| t 3 d t | t jfLustrated
87 and 88. In t%é‘* SEL Y piidebd DS AIORAL RN dhe BRERC Bedthonure 00
211 of the fldssttnagmﬁau@tlve ﬂédd&@ﬂnén@léﬂgﬁﬂa@ %ﬂd‘%&ﬁ adiddedt ! 0 100

has t he tapered side walls, and the gap film 22 and protrusion
231 of the sen@nddﬁagmeaﬂcwmdhnﬁnhe&mbddumeﬂtlmliu@hrated in
- 88 - groove. The remaining structure is sane as that of

t he errbodﬁrrerﬁl%"‘l’lovv?i'7 Andi §8- 135 fhds1zebodigeent, the gieomeesent _
erbodi rent, 466 1906 39 €8 oug IR, 2oy LR, e BALLE L he i,

film 21 and inorganic insulating film 100 has the
tapered side walls, and the gap film 2% and protrusion
231 of the second magnetic film 23 are#formed in such

10 a groove. The remaining structure is same as that of
the embodiment shown in Figs. 125 and 126. Also in
the present embodiment, the bonding pad 27 is formed

- in the pattern of the thin film coil 241, 242.
The inverted hybrid type thin film magnetic

15 head illustrated in Figs. 127 and 128 may be formed
through the steps shown in Figs. 89-97 and steps
illustrated in Figs. 115-119.

Figs. 127 and 128 are cross sectional views

depicting a third embodiment of the inverted hybrid

20 type thin film magnetic hgad according to the fourth
aspect of the present invention. The basic structure
of the inductive recording element 2 and MR element 3
is identical with the embodiment illustrated in
Figs. 87 and 88. In this embodiment, the groove

25 defined by the pole portion 211 of the first magnetic
film 21 and inorganic insulating film 100 has the
tapered side walls, and the gap film 22 and protrusion

231 of the second magnetic film 23 are formed in such



head illustrated in Figs. 127 and 128 nmay be forned t hrough the steps
shown in Figs. 89-97 and steps illustrated in Figs. 115-119.

Figs. 127 and 128 are cross sectional views 10 depicting a third

enbodi ment of the inverted hybrid type thin fil mmgnetic head
according to the fourth aspect of gBe-present invention. The basic
structure of the inductive recording elenent 2 and MR el enent 3

is identical with the enbodinment illustrated in 15 Figs. 87 and 88. In
this enbodi ment, the groove defined by the pole portion 211 of the
first magnetic film21 and inorganic insulating film 100 has the
tapered side walls, and the gap film22 and protrusion 231 of the

second mongti g b 29mak e LALIRIpN BElh B0 & 1 oae: cThenpem i o

structure is ne as’'t ha i rent” shown i h F and

126. AlSO i the embb&iRERECBhoGMAH 'ﬁz&s. thes bandi Agepadazgol 4 or ned
in the pattern of the thin filmecoil 241, 242. The inverted

hybrid type tthe npfesantagnbbiddime?t hadte ibhdndingt pddi B 7Fiigs.fdidndedand 128
may be fornmed t hrough the steps shown in Figs. 89-97 and steps

i | lustrated ith Pgspatternigf the thin fl¥mg§9122§4énd2ﬁ§0 are cross
sectionaé Vi ews

depicting a fourthcghﬁxﬁ9¥ﬁﬁt%? Pﬁgrﬁﬂvéﬁﬁﬁjqﬂ&ﬂi%ﬁimggaQVSEiFhin film
TR L kAR RrS B 127 ARECSsaohel B OIASAg! Tyent o
el ement 3 SHiougientheaktebikh shivneniodrigs! sboen badFi@epH8 and
illustrated in Figs. 115-119. )
Figs. 127 and 128 are cross secéional views
10 depicting a third embodiment of the inverted hybrid
type thin film magnetic head according to the fourth
aspect of the present invention. The basic structure
of the inductive recording element 2 and MR element 3
is identical with the embodiment illustrated in
15 Figs. 87 and 88. In this embodimeﬁt, the groove
defined by the pole portion 211 of the first magnetic
film 21 and inorganic insulating film 100 has the
tapered side walls, and the gap film 22 and protrusion
231 of the second magnetic film 23 are formed in such
20 a groove. The remaining structure is same as that of
the embodiment shown in Figs. 125 and 126. Also in
the present embodiment, the bonding pad 27 is formed
in the pattern of the thin film coil 241, 242.
The inverted hybrid type thin f£ilm magnetic
25 head illustrated in Figs. 127 and 128 may be formed
through the steps shown in Figs. 89-97 and steps
illustrated in Figs. 115-119.

Figs. 129 and 130 are cross sectional views



99. The pole portion of the second magnetic film 23 is formed by the

| ower magnetic film233 fornmed within t he groove and the upper
magnetic film 234 formed on the |l ower nmagnetic film 233 and the gap
film22. The 10 remaining structure is sane as that of the enbodi nent
shown in Figs. 125 and 126. Also in thegpresent enmbodi nent, the
bondi ng pad 27 is fornmed in the pattern of the thin filmcoil 241,

242. The inverted hybrid type thin filmmgnetic 15 head
illustrated in Figs. 129 and 130 nay be fornmed by conducting the steps
shown in Figs. 100-108 fol | owed by the steps illustrated in Figs.
115-1109. Fig. 131 is a cross sectional view depicting a

fifth enbodi t of the | d dd thin film.20 i ¢ _head
al:ct)r diGngot Itﬁﬂat]sntcé)ﬁﬁt’t% gg‘égﬁ’e&f“%mer{t Ic?%v%}r‘i%]l 6ﬂve¥%%%%‘|¥%’ém§ ructure
of the induGhjye thin £LEAr ALBGRIBMP @é@o:@@iﬁl{zﬁiﬁgmth% iddant i cal

wth t hé "enbodi nent shown in Fig. 35. In the enbodi nent, the
recessed porddperdof sther peeésientt Havell isott f adthofbdsbcmatiukadyell of the
substrate 1, and the insulating film12 is fornmed on the inner surface

131 of the rafcdsredipductivelTegoribing &lemenhe and MR fed@masit the main
body 11. Then, the first nmagpetic } , , - 90 -
film 21 Bs prbvidRRELTAL nELLl: fhte SHOAHRENE FRPTHy DY Figsr 98 and

99. The pole portion of the second magnetic fiim 23
is formed by the lower magnetic film 233 formed within
the groove and the upper magnetic film_234 formed on
the lower magnetic £ilm 233 and the gaﬁ‘film 22. The

10 remaining structure is same as that of the embodiment
shown in Figs. 125 and 126. Also in the present
embodiment, the bonding pad 27 is formed in the
‘pattern of the thin film coil 241, 242.

The inverted hybrid type thin film magnetic

15 head illustrated in Figs. 129 and 130 may be formed by
conducting the steps shown in Figs. 100-108 followed
by the steps illustrated in Figs. 115-119.

Fig. 131 is a cross sectional view depicting a

fifth embodiment of the inverted hybrid thin film

20 magnetic head according to the fourth aspect of the
invention. The basic structure of the inductive
recording element 2 and MR element 3 is identical with
the embodiment shown in Fig. 35. In the this
embodiment, the recessed portion 13 is formed in the

'25 surface of the main body 11 of the substrate 1, and
the insulating film 12 is formed on the inner surface
131 of the recessed portion 13 as well as on the

surface of the main body 11. Then, the first magnetic



-'91 -~ What is clained is: 1. An inverted hybrid type thin film
magneti c head conpri sing: a substrate (1) nade of a non-nmagnetic
insulating material and having a surface in which a recessed portion (13)
is forned, an inductive recording elenment (2) fornmed to be supported.
by said substrate; and a magnet ores?@t+ve reading el enent forned to be
supported by said inductive recordi ng el enent; wherein said inductive
recording element (2) includes: a first magnetic film (21) having a
portion fornmed on an inner surface of said recessed portion (13) and a
pole portion (211) fornmed on said surface of the substrate (1) to extend
fromsaid portion fornmed on the inner surface of the recessed portion (13)
up to an air fibmaRilnd sswriaerdéd0pn the @dﬁﬁdbgigfnéﬁgliﬁgﬁﬂg@f@&kﬂn sai d
recessed portion and having a plurality of conductive coil turns=(241,

242) : afédm 12upporting and isolating insulating film (25) forned
within said recessed portion (13) such that said conductive turns (241,
242) of the thin filmcoil are supported and isolated by said insulating
film(25); a gap film(22) nmade of a non-magnetic material and forned
at | east on said pole portion (211) of the first magnetic film (21);
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a second magnetic film (23) fornmed on said gap film (22) and having a pole
portion (231) which is opposed to said pole portion (211) of the first
magnetic film(21) via said gap film(22) anfd a

magnetical ly coupled with.said first nmagneticffil % @ﬁ%%mloﬁﬁ
renote fromsaid pole portlon (231); antit - cnﬁxgnetﬁge@_l_,_s,t_ly éega_g.llp_
el ement (3)This rﬁtieqtd'wBeenRePIE irst shield gapll Clain{(®)

?(2)2) magneti c Nuﬂmm ﬂuwm erial and forned AT Baksh ged H- ,

COdY aﬁaghQ ed ..........
L

e film(3) forned @nassiaf |'rp3‘ed3|eo

film(6) sucht at a side edge of thecLamgpetiaresistive film (3] pose
on said air bearing surface (10); a second shield gap f| I'm (/) made
of a non-magnetic insulating material and formed on the magnetoresistive

film(3) and first shield gap film(6); and a third magnetic film(4)

formed on sai d $ecohd iskregltebdaydridn ¢¥pe thin Zilhhenawmpgetei ¢ chbedd
according to claim1, wherein said coil supporting and isolating
i nsul ati ng FPMREASSS: s errbedded within the recessed portion (13) to have

a co-planar surfac% gortlon 21 . the Lrst magnetic
F i (o1 and SardRghs he MHa8)of B PBrRastaiFta isptakahdsurf aces o
SUpporti ng aadoras iy TGt g RS 285 “f'ﬁi&(gl*%ﬁégﬁ%fgné[‘?ccﬁ'eéd
accordi ng t pogitdiofi 4.s Wheted; - 93 -
an inductive recording element formed to be
supported by said substrate; and
a magnetoresistive reading element %ormed to be
supported by said inductive recording element;
wherein said inductive recording element includes:
a first magnetic film having a portion formed on
an inner surface of said recessed portion and a pole
portion formed on said surface of the substrate to
extend from said portion formed on the inner surface
of the recessed portion up to an air bearing surface;
a thin film coil formed within said recessed
portion and having a plurality of conductive coil
turns;
a coil supporting and‘isolating insulating film
formed within séid recessed portion such that said
conductive turns of the thin film coil are supported
and isolated by said insulating f£ilm;
a gap film made of a non-magnetic material and
formed at least on said pole portion of the first
magnetic £ilm;
a second magnetic film formed on said gap film and

having a pole portion which is opposed to sa1d pole
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sai d substrate (1) has a groove (15) fornmed in said surface of the
substrate (1), said groove (15) extending fromsaid recessed portion (13)
up to the air bearing surface (10), said pole portion (211) of the first
magnetic film (21) is provided within said gmeieGeeétHas Been Repldoed The

magneti c head according to cla-mok -wherein sa ting and
ed portion

isolating insulating film(25) is enbedded wit ﬁmm

(13) to have a surface which is closer to said substrate t han t he
surface of said pole portion (211) on which said gap film(22) is

provi ded, an inorganic insulating film (100) 1is provided on said surface
of the coil supporting and isolating insulating film(25) to have a

c0- Pl 308L 5 oRULERARH 11 51 £ poLes BOELHAN (G211, 0f Lhe Fifgt mgnetic film
BYof, o A%

(21). e magneti ¢ ‘head according to erein said

| nor gaRBCal ?wt_aurmfﬁi&rm {40Ra ﬁé&iealllllycﬂﬁ%fﬂea\hhfhhl Saggual to a

t hi ckness of said pole portion %211) of the first magnetic film (21).

6. Thershgmepnethead idotoadi agodsitienmreEmattererom said thin fil mcoi
conprises a stack of a_plurality of coil turn |ayers (241, 242) provided
wi t hi podgi Rortde@sséd bortion (13). 7. The nmmgnetic head according to

clain11,lwgerein s Eg m%rgﬂcgesis ive E'%m :@ (ﬁcfh negnet oresi stive
el enent % ?’gr?"}%a S?; orfe % an aﬂ?%%f?gplg ﬁl&g}uetjﬁ? l‘?@%’T’Stlve film a
gi ant magReE pEeei $hiiwA d iddP ¥R mdGET BFRGNSIIf et sunction film
insulating material and formed on said second magnetic
film; )
a magnetoresistive film formed on said first
shield gap film such that a side edge of the
magnetoresistive film is exposed on said air bearing
surface;
a second shield gap film made of a non-magnetic
insulating material and formed on the magnetoresistive
film and first shield gap £f£ilm; and
a third magnetic film formed on said sgcond shield
gap f£ilm.
2. The magnetic head according to claim 1, wherein
said coil supporting and isolating insulating £ilm is
embedded within the recessed portion to have a co-
planar surface with said pole portion of the first
magnetic f£ilm, and said gap film is formed on the co-
planar surfaces of the pole portion of the first
ﬁagnetic film and of the coil supporting and isolating ;
insulating £ilm. '
3. The magnetic head according to claim 2, wherein :
said substrate has a groove formed in said surface of %
;

the substrate, said groove extending from said
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8. The magnetic head according to any one of clains 1-7, wherein said
substrate (1) conprises a main body (11) having a surface and an
insulating film(12) formed on said surface of the main body (11) and
having a surface, and said recessed portion (13) is forfmed in—saird -—— -

surface of the insulating film (12). 9%. _ The rmgn%ig%hgeq@gsggc%dil%gﬂ
i&ting
of

to any one of clains 1-7, wherein said substrate (1) co

(11) having a depressed portion (13) formed in a surfacemmﬁmﬂﬂ H
film(12) formed on said surface of the main body and a

said depressed portion to formsaid recessed portion (13). 10. A
met hod of manufacturing an inverted hybrid type thin filmnagnetic head
i ncluding an inductive recording elenent (2), a magnetoresistive reading

el ement, and BeSEBSEFaPOTtROL NP hes@iF ibrREINge surdastali ngabfenent

and magnetoresistive_readin l.enepnt conprises the steps of: . form ng
a recessed po&lt);fonp?fﬁmf’h(% g’i}ﬁ aﬁéfﬁF DANRAT af 211} S prowf%‘?‘ﬁr! ng a
first magnetiwgifhim 6331 ¢rRR,d nner  surface of said recessed portion (13)
and on a portion of said surface of the substrate (1) such that said

first magnetic fi4m (P¢ maghedés heaml eapodbritong 2bl)clexhendi ptrdreoin t he
recessed portion (13) up to an air bearing surface (10); formng a
thinfiIn1cd$ahévFﬁglaSMDmQ¥ﬁ#%go@ndcéﬁ@&ﬁﬂxngcbmsuﬁammnq2ﬁﬂlm2ﬂ2)
within said re esﬁg portion

d. .. .. . - 95 -
(13) such that g% ‘gei?o?”(d&@tlf\/eﬂb%ﬁe?ﬁ?ﬁ?d( Pprtion to have a sirface

which is closer to said substrate than the surface of
said pole portion on which said gap film is provided,
an inorganic insulating film is providéd on said
surface of the coil supporting and isolating
insulating film to have a co-planar surface with said
pole portion of the first magnetic film.

5. The magnetic head according to claim 4, wherein
said inorganic insulating film has a thickness which
is equal to a thickness of said pole portion of the
first magnetic film.

6. The magnetic head according to claim 1, wherein
said thin film coil comprises a stack of a plurality
of coil turn layers provided within said recessed
portion.

7. The magnetic head according to claim 1, wherein
said magnetoresistive film of the magnetoresistive
element is formed by one of an anisotropic
magnetoresistive film, a giant magnetoresistive film
and a ferromagnetic tunnel junction film.

8. The magnetic head according to any one of
claims 1-7, wherein said substrate comprises a main

body having a surface and an insulating film formed on
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242) are supported and isolated fromeach other by means of a coi
supporting and isolating insulating film(25) formed wthin said recessed

portion (13),. -f-orming a gap film(22) nade of a non-nagnetic material
at | east on sai d ol Oéé‘;éggd(le) of the first magnetic film (21);
formng a §E€ |In1(23) on said gap film (22) such that the
second nagnetﬁ ncludes a pole portion (231) which is opposed
to said pole of the first magnetic film (21) via said gap

film (22) and a portlon mhlch is magnetically coupled with said first
magnetic film (21) at position renote from said pole portion (231);
formng a first shield gap film (16) on sai d second magnetic filn1(23)

formng a maanet s AL e LhIn (2 -0BcH) duld el ys 3l 8] duggacd i m (6);

form ng a second e magneto-- resrs ’f|In1(3)
and first shi &0ap xfééé%ééél p@Bglon 1sf Cﬁdaﬁ@dalﬁhsé%ﬁé%@a'& fdg m (4)

on said second shield gap film (7). . The nmethod according to claim
10, wherei ntia dnsiﬂla{tmgppﬁilmng and i sol atl ng insulating film(25) is
formed in such a manner that a surface of the coil supporting and

i sol ati ng i nsul &i n§hei magsedoehead aﬁpaﬁéﬁnm1ﬂ9eﬂwaq%@eogf sai d pol e

portion (211), af t first neti.c film 21 and said gap film(23) is
P06 <\ FBANES o Tha ST B ngr Lo TR e « FETBEE 8oB0R P (211) of
the first m%ﬁ&?'ﬂé&lﬁénézéépfggsgh R3S Ul formed in a surface

and an insulating film formed on said surface of the

main body and an inner surface of said depressed

portion to form said recessed portion.“

10. A method of manufacturing an inverted hybrid
type thin film magnetic head including an inductive
recording element, a magnetoresistive reading element,

~and a substrate supporting said inductive recording
element and magnetoresistive reading element,
comprises the steps of:

forming a recessed portion in a surface of a
substrate;

forming a first magnetic film on an inner surface
of said recessed portion and on a portion of said
surface of the substrate such that said first magnetic
film includes a pole portion extending from the
recessed portion up to an air bearing surface;

forming a thin f£ilm coil having a plurality of
conductive coil turns within said recessed portion
such that said conductive coil turns are supported and
isolated from each other by means of a coil supporting
and isolating insulating £ilm formed within said

recessed portion;
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supporting and isolating insulating film(25). 12. The met hod
according to claim1ll, wherein a groove (15) is fornmed_in. saldasurface of

the substrate (1) such that said groove (15) exténds fromsaid cq;sed
portion (13) up to the air bearing surface (10), @mgsheans 9 on
(211) of the first magnetic film (21) - i9 f-or med mnt e (15)
such that the sufface of the pole portion (211) of etic film
beconmes co-planar with the surface of the substrate 13 The

met hod according to claim 10, wherein said coil supportlng and isol ating
insulating film(25) is fornmed wthin the recessed portion (13) such that
a surface of the coil supporting and isolating insulating film(25) is

Lower than the spbffefaob SBLA MOkP RAALIGR al AbMImadhddi Gl ErigsUl ating
film(100) is formed on sal surface of the coil supporting and isolating

i nsul ating fatniédsk S)Ulesdll‘éBtpcﬂLéLﬁScf)ﬁﬁeoﬁf offhehendrigastt amagneuliating film
(100) becones co-planar with a surface of the pole portion (211) of the
first nagnetfclmbln1(21) 14. The nethod according to claim 13,

wherein said anlc i nsul ati film havi ng a 1 hi cknes | ar ger
than a thi ckness éﬁgdapcﬂeé:%'{f?tg“i‘?ﬁf‘?'?g ‘Q%flm Pﬁe%ﬂ%tg%gﬁéiﬁ“c fi?m-

21), and a a f e hed il the
gur%aoe of %ﬁ%ﬂl %glragarﬁh%f %@&Ec%ggé&%é%é‘?eg%g@ anlgfé%/\nét% ﬁﬂ% surface of
the pole pOfﬁbQBzGﬁ%%hﬂEhtﬂgféq% StelBHBELREd pole portion of the

- 97 - e nmethod according to claim 14, wherein
sai d pol i shfihgsismpemiedrine d tikm avihesaddl gagpclfdincand a portion
which is magnetically coupled with saiq first magnetic
film at position remote from said pole’portion;

forming a first shield gap film on said second
magnetic £ilm;

forming a magnetoresistive film on said first
shield gap film;

forming a second shield gap film on the
magnetoresistive £ilm and first shield gap film; and

forming a third magnetic f£ilm on said second
shield gap film.

11. The method according to claim 10) wherein said
coil.suppérting and isolating insulating £ilm is
formed in such a manner that a surface of the coil
supporting and isolating insulating film becomes co-
planar with a surface of said pole portion of the
first magnetic film, and said gap f£ilm is formed on
the co-planar surfaces of the pole portion of the
first magnetic film and of the coil supporting and
isolating insulating £ilm.

12. The method according to claim 11, wherein a

groove is formed in said surface of the substrate such

[



pol i shi ng. 16. The nethod according to claim 10, wherein said thin
filmcoil is _formed. by--stacking a plurality of coil turn layers (241, 242)

within said recessed poﬁﬁée 13). 17. The method according to any one

of clains IhisBheet 0 substrate (1) is formed by formng an
I nsul ating fi
Is formed in

I n body (;1%6 and said recessed portion (13)
the insulatrng film(12). " 18. The net hod

according to any one of clainms 10-16, wherein said substrate (1) is forned

by formng a depressed portion in a surface of a main body (11) and by

formng an insulating film (12) on said surface of the main body (11).

19. Athin filmmagnetic head conpri sing: a substrate (1) having a

surface; and an_inductive recording elenent (2) fornmed on said

surface of tHhets iRtd FEOPYS,; extendgdram, sald TRaGEEPFe RoEdd R HP el enent

(2) includes; a first.magneti.c film(21) formed on sai.d substrate

(1) and havi gtglepoﬁjerp%??ﬁiﬁg( fff)fca&ﬁ’erﬁ#%g;ﬂ'{gn?gﬂe glorr%ﬁ‘é)ﬁi surface

(10); i gy £ hLeBavi : ' dugt:i il turns
(201 247) g Ehdes TgShbr iRy £30n? ) Wl 0icARACLRLA Grddile
- 98 - feargredloat sehd &ukShcengiettle fpdle (Rdytion ofa tiad |£istpporting

and isolating insulating film(25) formed to isolate said conductive coi
turns (241, mMmetigt fhémt hegomelsmcsoitlanar i wbtht thef sumfeash af her ;

the substrate.

13. The method according to claim 10, wherein said
coil supporting and isolating insulating film is
formed within the recessed portion suc# that a surface
of the coil supporting and isolating insulating film
is lower than the surface of said pole portion, an
inorganic insulating film is formed on said surface of

. the coil supporting.and isolating insulating film such
that a surface of the inorganic insulating f£ilm
becomes co-planar with a surface of the pole portion
of the first magnetic £ilm.

14. The method according to claim 13, wherein said
inorganic insulating f£ilm having a thickness larger
than a thickness of said pole portion of the first
magnetic film, and a surface of the inorganic film is
polished until the surface of the inorganic film
becomes co-planar with the surface of the pole portion
of the first magnetic film.

15. The method according to claim 14, wherein said
polishing is performed by a chemical mechanical
polishing.

16. The method according to claim 10, wherein said

thin film coil is formed by stacking a plurality of

AR



a gap film (22) nmade of a non-magnetic material and having a portion which
I s opposed to said pole portion (211) of the first magnetic.film(21); and
a second magnetic film (23) having a pole portion (231) which is opposed

to said pole portion (211) of the first magnetic fil mI(i PhestiHas BaeniRepianed
film(22) and a portion which is magretdzally coupl ed w
magnetic film (21) at position renote fromsaid pole por I d

pol e portion (231) of the second magnetic film (23) being constituted by a
protrusion which is formed in a surface of the second magnetic film (23)
contacted with said gap film (22) and protrudes toward said pole portion
(211) of the first magnetic film(21). 20. The magnetic head

according tocghal Ml 1NALEL s @l east aote Al ol fodor Lhons (221,

231) of the I'rst and second magneti C ormed by a stack
of a plurality oi7nepRetiethaneazddddity didf renbnesalfulatldiofs MRONEsi C.
flux densities. 21. The magnetic head according to claim 20, wherein

a magneti c | elierehavisag d ulsgheseé iat foziedn hyadiwmtming famnx density is
arranged adj acent to said gap film (23). 22. The_nmagnetic _head
accor di ng t olRFELALLIDT fHeieion arainubstyat @ndl)saed reeesasded portion
(13) forned in urface of the

substrate, sﬁ?ﬁtippsésnmef% 171 the sy frge tor‘lfe%%b? ei%lr‘f?gﬁn?ﬂl) f or ned

on the surfagei@f the substrate (1) and a portion fornmed on an inner
surface of the recessed portion (13), said thin film coil is formed within
the recessed por180nMrké3methdd according to any one of claims 10-16,

wherein said substrate is formed by fo;ming a
depressed portion in a surface of a main body and by
forming an insulating film on said surface of the main
body.

19. A thin f£ilm magnetic head comprising:

a substrate having a surface; and

an inductive recording element formed on séid
surface of the substrate;

wherein said inductive recording element includes:

a first magnetic film formed on said substrate and
having a pole portion extending from an air bearing
surface;

a thin film coil having a plurality of conductive
coil turns each of which includes a portion formed on
said first magnetic £ilm;

a coil supporting and isolating insulating film
formed to isolate said conductive coil turns of the
thin film coil are isolated from each other;

a gap film made of a non-magnetic mateiial and
having a pole portion which is opposed to said pole

portion of the first magnetic film; and

Iy



said gap film (22) is provided on the surfaces of the pole portion (211)
of the first magnetic film (21) and coil supporting._and isolating
insulating film(25). 23. The magnetic head accordi ng t o ctai-m 22,
wherein said substrate (1) has a groove (15) for neﬂvid%e&ﬁké&Be%HHeapce of

the substrate (1), said groove (15) ext @flinhg froms 9% on
(13) up to the air bearing surface (10), said pole p lgmﬁﬂml’ t he
first magnetic film(21) is provided within said groove ( : 24. The
magneti c head according to claim 19, wherein said coil supporting and
isolating insulating film(25) is enbedded within the recessed portion

(13) to have a surface which is closer to said substrate (1) than the
surface of said po ti 4&%& j g- i f] ) el
provided,_an inoggggfgﬂﬁhgﬁg% |négf€?%¥m%§ 6§§i§'3?§6?d%$ d%%ééY%§§Hrface
of the coil sEppRPbisRd tNkdSP|FbladpbReibal 0T thd {25 hQghHa¥eca _
co-planar surface with said pole portion (211) of the first nmagnetic film
(21). 25ilfmheiengedtd gdeati iocandi agpootdlea wikdchwhsrei n  sai d
i norganic insulating film (100) has ,a thickness which is equal to a
t hi ckness of méﬁpﬁtﬂ&‘laélpforqmﬁ?i%@1‘I}thof5atll‘i‘e Finsh magpetie filwm erl).
- 100 - .26. The magne, I.c head.according.to claim19 erein said
thin fiIn1coPPs&§%§Pi§§?%ist%ﬁ o?aédppaﬁﬁiq Qﬁonkxﬁ?l%UPﬂTgayers (241,
242) prOV'd?ﬂof&ﬁ@hﬂd%*ﬂﬁeré%@@ﬁ&dmﬂ&ﬁbgg% (E3)m b$}ng2§on§9§tﬂﬁgagt!c
head according to claim 19, wherein §Said nagnetic head further conprises a.
nmagnet or esi sbive protrusion which is formed in a surface of the
second magnetic f£ilm contacted with said gap film and
protrudes toward said pole portion of £he first
magnetic £ilm.
20. The magnetic head according to claim 19,
wherein at least one of said pole portions of the
first and second magnetic film is formed by a stack of
a plurality of magnetic layers having different
saturation magnetic flux densities.
21. The magnetic head according to claim 20,
wherein a magnetic layer having the highest saturation
magnetic flux density is arranged adjacent to said gap
£ilm.
22. The magnetic head according to claim 19,
wherein said substrate has a recessed portion formed
in a surface of the substrate, said first magnetic
film has the pole portion formed on the surface of the
substrate and a portion formed on an inner surface of
the recessed portion, said thin film coil is formed
within the recessed portion, and said gap film is

provided on the surfaces of the pole portion of the

first magnetic film and coil supporting and isolating

W



el ement which incl udes: a first shield gap film (6) made of a

non- magnetic ._insulating material and formed on said second magnetic film
(23); a magnetoresistive film(3) fornmed on said first shield gap
film(6) ditisShesitasdBesh dtepiastge of the magnetoresistive film(3) is exposed
on said air 'H'm w"mﬂnce (10); - @gsecond shield gap film(7) nade
of a non-nmag ing material and fornmed on the magnetoresistive
film(3) and first shie gap film(6); and a third magnetic film(4)
formed on said second shield gap film (7). 28. The nethod accordi ng
to claim27, wherein said magnetoresistive film(3) is forned by one of an
ani so- tropic magnetoresistive film a giant magnetoresistive filmand a
ferromagneti ¢c_tunnel. junct.i.on film 29. The magnetic head according to
any one of cf&S éiﬂﬂ%&L frein said substrate (1) conprises a main body
(11) having a sup aC%h%”&ﬁ?ﬁéﬂﬁﬁ”ﬁgéﬂg?ébbghﬁﬁ )gaﬁggggmcgbsald surface

of the main body (11) an aving a surface, and sald recesset portion (13)

is formed i nwherein said substrate has a groovdlformed $al &aSW face of
the insulating film(12). 30. The magnetic head according to any one

of clains 1suxfacsherieithgasubsbbateat &a(il) qroogpre sextendding fadyn (11)
havi ng a depressed portion formed in a surface and an_insulating film(12)
formed on saf@iEUMRRESIRA (PRYCHENNUBoSP (the aid hearingr suufesss of said

depressed p%%&hP%éi%fﬁ%f%féﬁdoke%ﬁ%S%QH%¥*ﬂéHhé€§%'film is

provided within said groove.

24. The magnetic head according to c¢laim 19,
wherein said coil supporting and isolaéing insulating
film is embedded within the recessed portion to have a
surface which is closer to said substrate than the
surface of said pole portion on which said gap film is

.provided, an inorganic insulating film is provided on
said surface of the coil supporting and isolating
insulating film to have a co-planar surface with said
pole portion of the first magnetic film.

25. The magnetic head according to claim 24,
wherein said inorganic insulating film has a thickness
which ié equal to a thickness of said pole portion of
the first magnetic film.

26. The magnetic head according to claim 19,
wherein said thin film coil comprises a stack of a
plurality of coil turn layers provided within said
recessed portion.

27. The magnetic head according to claim 19,
wherein said magnetic head further comprises a
magnetoresistive element which includes:

a first shield gap film made of a non-magnetic

T



31. A nethod of manufacturing a magnetic head including a substrate (1)
and an inductive recording elenent (2) fornmed on said substrate (1), _
conprising the steps of: form ng a recessed portlo? 13) and a groove"
(15) in a surface of the substrate (1) such that said g S BeanRepitdad
fromsaid recessed portion (13) up to-amnggoalr bearing surf l

formng a first magnetic film (21) on an inner surface of

portion (13) and within said groove (15) of the substrate (1);

etching a part of said first magnetic film(21) fornmed within said groove
(15) to forma pole portion (211) within the groove (15) such that a
surface |level of the pole portion (211) of the first magnetic film (21)

Wi t hin the oovg élS% cleQuer tha surface of the subsérgte (D)
in which sait"gtodvd™ 1%‘? e§1af]or cehat §3|1 FERE (1B Rada space
t herein; fliﬂrn1ng athin fl|n]COI| having a pIurallty of conductive

coil turns (241, 242) within said recessed portion (13) such that said

conductive coil 4 ufidgnétéresistive film formed on said firshd?2 -

i sol ated fromeach other by neans of a coil supporting and isolating

i nsul ati ng fshiel@syapofideh wiudh nthat da sddeseddepott itdre (13);

formng a gap film (22) made of, a non-nagnetic materjal, on said coi
supporting a{W’i"%BPE?FF@thr?SLﬁJéW ntS f FXRPESY) OPoffed i3 % PeRF BeEssed
portion (13 dg n said pole portion (211) of the first mgnetic film
(21) within A grbove (15), said gap

a second shield gap film made of a non-magnetic
insulating material and formed on the magnetoresistive
film and first shield gap film; and )

a third magnetic film formed on said second shield
gap f£ilm.

28. The method according to claim 27, wherein said

- magnetoresistive film is formed by one of an
anisotropic magnetoresistive f£ilm, a giant
magnetoresistive film and a ferromagnetic tunnel
junction film.

29. The magnetic head according to any one of
claims 19-28, wherein said substrate comprises a main
body having a surface and an insulating film formed on
said surface of the main body and having a surface,
and said recessed portion is formed in said surface of
the insulating £ilm.

30. The magnetic head according to any one of
claims 19-28, wherein said substrate comprises a main
body having a depressed portion formed in a surface
and an insulating film formed on said surface of the

main body and an inner surface of said depressed

A

portion to form said recessed portion.



film (22) having a thickness which is smaller than a depth of said space
within the groove (15) such that the groove still has a space;

formng a second magnetic film (23) on said gap film (22) such that said
second magnetic film (23) includes a pole pdmisSheeltE3Bees RBplEdUt ed by a
protrusion which projects into saidsphtk of t and is
opposed to said pole portion (211) of the first ﬂyn1(21) Vi a
said gap film(22), and a portion which is mag led with said
first magnetic film(21) at a position renote fromsaid pole portion
(231). 32. The nethod according to claim31, wherein after etching
the first magnetic filn1(21) formed wthin the groove (15) to formthe
pol e portion (21 r | ls of the
groove (15) are 3@ %e eé?ﬂxg?ﬂ%g%td&%}aéd“é%&gnété%_ ‘ﬂ%lﬁéﬁrret hod
accordi ng tolﬁd:aumﬁ@r a\/\/@ano@wras:aa tndt &p ﬁ)ﬁdﬁ@ltmv@ e s@&hend nmagnetic
film(23) includes formng the pole portion (231) wthin said groove (15)
such that a ebpmenktf formerl me geuil@d pwpstovate23cpmpyriscping the steps

- 103 - planar with the surface of the gap film(22), and formng a
magneti c fil%$(234) on said co-planar surfaces of said pole portion (231)

and gap film (221%%]:1“1%;e prezg%sr%mdréfcr?hgﬁag t%g%loq}e R 3 a\/\/nerel n said

step of formng € po ortiron €°SeCo magrnetic film
conprises a $tfPabb b@r Whad BB Csubh! Bha233h iR\ Wb de t BkELAGSS Which
Is larger than a depth of said groove (15), and polishing the magnetic
film(233) ufitoln tshédswuekessesi gdretiap Gpl to( 2R) aix bearing

surface; ]

forming a first magnetic £ilm on an inner surface
of said recessed portion and within said groove of the
substrate;

etching a part of said first magnetic film formed
“within said groove to form a pole portion within the
groove such that a surface level of the pole portion
of the first magnetic f£ilm within the groove is lower
than a surface level of the substrate in which said
groove is formed such that said groove has a space
therein;

forming a thin film coil having a plurality of
conductive coil turns within said recessed portion
such that said conductive coil turns are isolated from
each other by means of a coil supporting and isolating
insulating film formed within said recessed portion;

forming a gap f£ilm made of a non-magnetic material
on said coil supporting and isolating insulating f£ilm
formed in said recessed portion and on said pole
portion of the first magnetic film within said groove,

said gap film having a thlckness whlch is smaller than

L



exposed. - 35. The method according to any one of clainms 31-34, wherein

a magnetoresistive el enment is_formed by: formng a first shield gap
film(6) on said second nagnetlc film (23); formng a

magnet or esi stmmsrfeeim n@@n‘@@ﬁdd first shield gap film(6); form ng
a second shield n the magreet o- resistive film(3) and first
shi el d gap f|Im forning a third magnetic film(4) on said
second shleld 36. A nethod of manufacturing a thin film

magnetic head |nclud|ng a substrate (1) and an inductive recording
el enment (2) fornmed on said substrate (1), conprising the steps of:
formng a recessed portion (13) in a surface of the substrate (1);

formng a {1 YeSBANSE! £atid WLaW) Ak | DRE' oxWVESSH e drpgessed

surface of the, sg£§§g tbhk suchdhat the first magnetic f|In1(21) has a

pol e portion (211) which extends fromsaid recessed portion (13) up to an

air bearing surfaaeifdOd; second magned iac tflImf ohneadd ghpvifigm plurality
of conductive coil turns (241, 242) within said recessed portion (13)
such that saurkovldatt Baddc sieicong magretiic fadp dneludssora @pkdd isol ated

ecessed poltiOn ¢y ong CitEEce ok PR CLaF dopopRich brojects |
into said space of the groove and is opposed to said
pole portion of the first magnetic film via said gap
film, and a portion which is magnetically coupled with
said first magnetic film at a position—remote from
said pole portion.

32. The method according to claim 31, wherein after
etching the first magnetic film formed within the

- groove to form thé pole portion of the first magnetic
£film, side walls of the groove are etched to be
inclined outwardly. _

33. The method according to claim 31, wherein said
step of forming the second magnetic f£ilm includes
forming the pole portion withih said groove such that
a top surface of the pole portion is co-planar with
the surface of the gap film, and forming a magnetic
film on said co-planar surfaces of said pole portion
and gap f£ilm.

34. The method according to claim 33, wherein said
step of forming the pole portion of the second
magnetic film comprises a step of forming a magnetic

- film having a thickness which is larger than a depth

of said groove, and polishing the magnetic film until

(T

the surface of the gap film is exposed.



supporting and isolating insulating film (25) being not  —hi-gher thana-
surface | evel of the pole portion (211) of the first q%§@$ & idoBh Rehdced
forming an inorganic insulating film (100) on said subs

pol e portion (211) of the first magnetic film(21) and SH B ﬂ lM@

supporting and isolating insulating fiiga (25); etch ani c
insulating film (100) such that a surface of said pole portion (211) of
the first magnetic film (21) is exposed; etching sai d exposed surface

of the pole portion (211) of the first magnetic film (21) such that a
surface | evel of the pole portion (211) of the first nmagnetic film(21) is
| ower than a surface |level of the inorganic film(100) so as to forma

) f ' fi 22 de .of - bC. et
Jara nor gani ¢ 1 eulH MR REGOFARY o B U EEporOABR (IR of e
first magnetyigeteld §2hdgnetoresistive element is formed BYP - W thin

sai d groove; formng a second nagnetic filmon saléagap film such

that said secondiomghedis& fibee(2Ridld | gwlesthlnobe spad iseitdmBl)
constituted by a protrusion which projects into said groove and is opposed
to said pol gnawretda £42m1) of the first magnetic film(21) via said gap
film (22), and ortion which is nagnetically coupledq with said first
magneti c len(zégéé&n%.%d@?QPSFQQ§ﬁﬁ§F¥Y%n#1§%iBnpﬁﬁédpéﬂﬁﬁﬁl(231).

37. The net i€£§o§g%gg-& ;cla!n136, wherein after etching the exposed
surface of the Tirs gnetic.film

forming a second shield gap film on the
magnetoresistive film and first shield gap film; and

forming a third magnetic film on séid second
shield gap film.

36. A method of manufacturing a thin film magnetic
head including a substrate and an inductive recording
element formed on said substrate, comprising the steps
of:

forming a recessed portion in a surface of the
subétrate;

forming a first magnetic film on an inner surface
of said recessed portion and on said surface of the
subgtrate such that the first magnetic film has a pole
portion which extends from said recessed portion up to
an air bearing surface;

forming a thin film coil having a plurality of
conductive coil turns within said recessed portion
such that said conductive coil turns are supported and
isolated by a coil supporting and isolating insulating
film formed within said recessed portion, a surface
level of said coil supporting and isolating insulating

film being not higher than a surface level of the pole

T



(21) to formthe groove, side walls of the groove are etched to be
I nclined outwardly. 38. The nethod according to claim36, wherein said

step of forming the second magnetic film (23) includes™ forning the pole
portion (231) within said groove such that a top surfpgfssrebt HidsBedenReplaced

portion (231) is co- planar with the sygface of the gap .
formng a magnetic film (234) on said co-planar surfaces(m!mtg I
portion (231) and gap film (22). 39. The nethod acc cl'alrm 38,
wherein said step of formng the pole portion (231) of the second
magnetic film (23) conprises a step of formng a magnetic film (233)

havi ng a thickness which is larger than a depth of said groove, and
pol i shing the nagneti i 1 m.(233) until.the.surface of the gap film (22)

i S exposedﬁport9°209%T#E%%£ TaPrerhy ?bi§my one of claims 36-39,

- 106 - wher el etoresj st v ee .S £t o’ formng a
first shield gapféﬁ%ngggﬂoégggﬁgisl&%ﬁ rrag'rrtllélg gﬁ_?hn%q,( %ld form ng
a magnet or esgwhs¥Latel Msedd ?i_bl%ll Ftish oghibled At ihdgdétic

formng a second shield gap film (7) on the magneto- resistive film(3)
and first shirld gag Balid 3Ll asupbportihgr ahdg imdlEtrichgragnetlatingm (4)
on said second. shield gap film(7). 41. A nmethod of manufacturing a
thin filmnm&hEric head including a substrate (1) and an inductive

recor ding elemygtéﬁlnaogggg.ggéiié%f%ngﬁégigtgﬁg’film such that a
surface of said pole portion of the first magnetic
film is exposed; .

etching said exposed surface of the pole portion
of the first magnetic film such that a surface level
of the pole portion of the first magnetic £ilm is
lower than a surface level of the inorganic film so as
. to form a groove;
forming a gap f£ilm made of a non-magnetic material
on said inorganic insulating £ilm and on said pole
portion of the first magnetic f£ilm within said groove;
forming a second magnetic film on said gap film
such that said second magnetic.film,includes a pole
portion constituted by a protrusion which projects
into said groove and is opposed to said pole portion
of the first magnetic film via said gap film, and a
portion which is magnetically coupled with said first
magnetic film at a position remote from said pole
portion.
37. The method according to claim 36, wherein after
etching the exposed surface of the first magnetic film
to form the groove, side walls of the groove are

O IR

etched to be inclined outwardly.



conprising the steps of: formng a recessed portion (13) in a surface
of the substrate (1); formng a first magnetic film (22) on an inner
surface of_sai.d-recessed portion (13) and on said surface of the substrate
(1) such that the,fiég&‘Ré@yaaetic film(21) has a pole portion (211) which

ext ends fr s H portion (13)10p to an air bearing surface (10);
formng a net * aﬁ at least on said pole portion (211) of the
first magneti | y"Said netal film (200) being made of a neta

whi ch has an etching property different fromthat of the first nmagnetic

film(21); formng a thin filmcoil having a plurality of conductive
coil turns (241, 242) within said recessed

- 107 - portign ) t | onpduct | il rns. (241; 4 242)
are supported an%grs%%%tg%%ggda%%%¥§§%hﬁ%o€ i%%hgﬁdggrngﬁ1a fﬂé ?%}%1(25)

formed withi el @ £ GeRISEI P | 8BcohdBhaghetiiid aCELh Vb1 8hegai d cOi |
supporting and "isolating insulating film (25) being |ower than a surface

| evel of thefoetdhgf ithe (03 ;portichowithdnasadibrgamdeei saghathadg fil m
(100) on said substrate (1), said netal film (200) on the pole ggrtion
(211) of theaf kPt svadinae ©F | the (P2} eaneTsdion de |COTRbPBALI Watand

(100) such EHE SHREA9eRE G Fo EE A PR (ATORE S Bdpogegtic 0
sel ectively ERiRi@%f%ﬁfhfﬁﬁéﬁléﬁéﬂ1é899£c%% YPEBLId pole portion
and gap film. |

39. The method according to claim 38, wherein said
step of forming the pole portion of thé second
magnetic film comprises a step of forming a magnetic
film having a thickness which is larger than a depth
of said groove, and polishing the magnetic film until

~ the surface of the gap film is exposed.

40. The method according to any one of claims 36-39,
wherein a magnetoresistive element is formed by:

forming a first shield gap film on said second
magnetié £ilm;

forming a magnetoresistive'film on said first
shield gap film;

forming a second shield gap film on the
magnetoresistive film and fifst shield gap film; and

forming a third magnetic f£ilm on said second
shield gap f£ilm.

41. A method of manufacturing a thin film magnetic
head including a substrate and an inductive recording
element formed on said substrate, comprising the steps
of:

forming a recessed portion in a surface of the

A



the surface of the pole portion (211) of the first magnetic film (21) such
that a surface I evel of the pole portion (211) of the- flrst nagnetLG film

(21) is lower than a surface |level of the inorganic hi@ |In1 100)
so as to forma groove; forming a gap film (22) dc
material on said inorganic insulating figen{100) and on |on

(211) of the first magnetic film(21) within said groov

second magnetic film (23) on said gap film (22) such that sald second
magnetic film (23) includes a pole portion (231) constituted by a
protrusion which projects into said groove and is opposed to said pole
portion (211) of the first magnetic film(21) via said gap film(22), and

a portion whj gnetically - 108 -
gl Loo B

coupl ed with sai I'rét magnetic film(21) at a position renpote fromsaid

pole portion (23drming a4firsRenZRiNad ACEOIHI §8 hA shaldh Ehrihesein
after selectively etching said netal film (200) to expose the surface of

t he pol e pordf asa{@ltecebskle partsiomegn@t on shilms(@Badeo dHriché he groove,
side walls of the groove are etched to be inclined outwardly. 43. The
met hod accorwb@trétel gheh4thathdihe nfsust magepter folm hps e setend

magnetic film (23 e for ng the pole portio 231%*mﬁth|n sai d
groove such p?l[(”l%ljfg% ‘f’ bcg‘u fthF%m $1‘e pBEFFﬁﬁegs&’&F AP WPh the
surface of t §2 fygtgorn1ng a magnetic film (234) on said
co-pl anar sur aces o sal e portion (231) and gap film(22).

forming a metal film at least on said pole portion
of the first magnetic film, said metal film being made
of a metal which has an etching properé& different
from that of the first magnetic film;

forming a thin film coil having a plurality of
conductive coil turns within said recessed portion
such that said conductive coil turns are supported and
isolated by a coil supporting and insulating film
formed within said recessed portion, a surface level
of said coil supporting and isolating insulating £ilm
being lower than a surface level of the metal £film;

forming an inorganic insulating film on said
substrate, said metal fiLm on the pole portion of the
first magnetic f£ilm and said coil supporting and
igolating insulating €£ilm;

etching said inorganic insulating film such that a
surface of said metal film is exposed;

selectively etching said metal film to expose the
surface of the pole -portion of the first magnetic £ilm
such that a surface level of the pole portion of the
first magnetic film is lower than a surface level of

the inorganic insulating film so as to form a groove,

HIIIIII IIIIII IIIII IIIII I



44. The net hod according to claim43, wher ei n said step of forming the
pol e portion (231) of the second magnetic film(23). conprises.- a—step of
formng a magnetic film (233) having a thickness which is Iar than a

depth of said groove, and polishing the nagnermsShaxH t he
surface of the gap film(22) is expesad7 - ﬂi accordlng to
any one of clainms 41-44, wherein a nagnetore3| S forned by:
forming a first shield gap film (6) on said secon nagnetlc film (23
form ng a nmagnetoresistive film(3) on said first shield gap f|In1(6)

formng a second shield gap film(7) on the magnet o-
- 109 - resistive film(3) and first shield gap film(6); and

forming a third Waétyp%éghéﬁ aa@l %§%pg{}%‘ar§g§ﬁg@lgaﬁaftle|ﬂa(ﬂ)

46. An inverted m magnet | conpri ses

substrate (ln fwa/icmglﬁoﬁgaha@em@uwtqmga fEDRSSRE oROkRIEN YollP is forned;
an i nductive recording elenent (2) forned to be opposed to said surface of

t he substratxtdjon nohthe fiamist megesseidc pbiimowithdn issifogmhvend
a magnet oresi stive reading elenent forned on a side of said |nduct|ve
recording el enerfiPMANGHR chefend oBﬁSﬁqg}q(f%%ﬂCP%U%%%@agép(fP m

T oD 2 AL ROLUIR P RIB A2 LAk H SR es o 141
porticn constituted by a protrusion which projects
into said groove énd is opposed to said pole portion
of the first magnetic film via said gap film, and a
portion which is magnetically coupled w1th said first
magnetic film at a position remote from said pole
portion.

42 . The method according to claim 41, wherein after
selectively etching said metal film to expose ﬁhe
surface of the pole portion of the first magnetic film
to form the groove, side walls of the groove are
etched to be inclined outwardly.

43. The method according to claim 41, wherein said
step of forming the second magnetic f£ilm includes
forming the pole portion within said groove such that’
a top surface of the pole portion is co-planar with
the surface of the gap film, and forming a magnetic
film on said co-planar surfaces of said pole portion
and gap film.

44 . The method according to claim 43, wherein said
step of forming the pole portion of the second
magnetic film comprises a step of forming a magnetic
film having a thickness which is larger than a depth

of said groove, and pollshlng the magnetlc film until

IIIIIIII )RRV



formed on the substrate (1) and extends from the-reeessedportion (13) up

to an air bearing surface (10); athin fi#ﬂg oi], . formed wthin said
recessed portion (13) and having a plurality o n '%@k241,
242) ; a coil supporting and isol-atiog Lnsulaq '_ f or med

i

within said recessed portion (13) such that said ns (241,
242) of the thin filmcoil are supported and isolated by said coi
supporting and isolating insulating film(25); a gap film(22) made
of a non-magnetic materi al - 110 -

formed at | east on said pole portion (211) of the first nmagnetic film

(21); atﬁgcg{igfgg%ggtfi) %vl#l I%gzlg gg%%%gégggicggs%@ d gap film (22) and

havi ng a pol é portron sai'd pole portion (211) of

the first ”Bgnet4§.fTHé“ﬁ@éhodVbécﬁﬁdiﬁyﬂtJ'Aﬂ?(@ﬁé 8d ca sl in-4£32)
which is magnetically coupled with said first magnetic film(21) at

posi tion remsheréinmasmadmedicer geni st dDve (@Béhenands formed Isphduct ors each
havi ng one ends connected to respective ends of said thin filmcoil;

sai d magnet or esi EerREngeadfigsdl ahirld gardéslm on said sgeandel d gap
film(6) forned op.sai.d.second magnetic film (23); a magnet oresi stive
film(3) forﬂ%@nﬁﬂlgafalﬁVrst shield gap film (6) such that a side edge of

E 28) _magnet or esi s ¥en k1 LMnadh d o ARAP0SEH, QN S B0l 'sA%PME i SUT face
, shield gap film; |

forming a second shield gap film on_the
magnetoresistive film and first shieldﬂéap film; and

forming a third magnetic f£ilm on said second
shield gap film.

46 . An inverted hybrid type thin film magnetic head
comprises:

a substrate having a surface in which a recessed
portion is formed;

an inductive recording element formed to be
opposed to said surface of the substrate in which said
recessed portion is formed; and

a magnetoresistive reading element formed on a
side of said inductive recording element which is
opposite to said substrate;

wherein said inductive recording element includes:

a first magnetic film formed on said recessed
portion of the substrate and having a pole portion
which is formed on the substrate and extends from the
recessed portion up to an air bearing surface;

a thin film coil formed within said recessed

portion and having a plurality of conductive turns;

NN O R AR



a second shield gap film (7) fornmed on the magneto- resistive film(3) and
first shield gap film(6); and a third magnetic film(4) fornmed on
sai d second.__shield gap-film (7) and having a portion which is opposed to
said magnetoresistive film(3) via said second shield gap film(7); and

at | east ¥ = la arsy7, 28) formedoon a side wall of said substrate
(1) on a si i E bearlng air flow exits, one of said bonding
pads (27, cted to one of said two conductors which is
connected to one end of the thin filmcoil and being

-111- provi ded above the thin filmcoil such that a center of the

rel evant bonding pad (27) situates within a pattern of the thin film coi

47. The nagnetlc h a r to claim4 id copl supportlng
and isolating |nsu? glng%ﬁﬂ a?é'eﬁgga&wg q§Uf%%iP$e% sSed portion
(13) to haveggrme@r RlidiHim %H{@Cfe&éégeaaP HGldh p@i&hoehéeléalaf the

first magnetic film(21), and said gap film(22) is forned on the

co- pl anar sucbadestdfvd tmumo eopotheobhif2 ¥ilnofedile dressuppgpekidc film
(21) and of the coil supporting and isolating insulating film(25).

48. The nmagnenfc 1ﬁ@d@taac£dmu$@1@oc@lxéu suppoxiiaieiand shsdlatibsor ate (1)

has a groove, él%# forneqat£%§ald surface of the substrate (1), said groove
(15) extendi fg" [ ‘cessed portion (13) up to the air bearing

surface (10), said | &89 (gg. feSte Iﬂﬁggﬁ lg21) is
provi ded within sa?gﬁbrgbve 4 Hé@ R% eeﬁg net1c head accor ing to
claim46, whgeeleast on said pole portion of the first magnetic

film;

a second magnetic film formed on said gap film and
having a pole portion which is opposed to said pole
portion of the first magnetic film via said gap film
and a portion which is magnetically coupled with said

. first magnetic film at position remote from said pole
portion; and

two conductors each having one ends connected to
respective ends of said thin film coil; _

said magnetoresistive reading element includes:

a first shield gap film formed on said second
magnetic £ilm;

a magnetoresistive film formed on said first
shield gap film such that a side edge of the
magnetoresistive film is exposed on said air bearing
surface;

a second shield gap film formed on the
magnetoresistive f£ilm and first shield gap film; and

a third magnetic film formed on said second shield
gap film and having a portion which is opposed to said

magnetore51st1ve film via said second shield gap film;

HIIlIII LI



said coil supporting and isolating insulating film(25) is enbedded wthin
t he recessed-portion—(43) to-have a surface which is closer to said
substrate_(1 tQ he _surface of said pole portion (211) on which said
gap filnﬁ%ﬁ a2 fﬁgn i norgani.c insulating film (100) is provided
on said surf I supportiﬁg1 nd isolating insulating film(25)
to have a co ce with said pole portion (211) of the first

magnetic film(21). 50. The magnetic head according to claim49,
wherein - 112 - said inorganic
insulating film (100) has a thickness which is equal to a thickness of
said pole portion (211) of the first magnetic film(21). 51. The

magneti ¢ heashdaccording to claim46, wherein said thin filmcoil conprises
a stack of a plurality of «coil turn layers (241, 242) provided within said
recessed porti ot BASt two ghonghBInkghst ifommed e cdraiag valdl &fm 46,

wherein said. netoresistive film( of the ma toresisti,ve ..el ement is
Formed by oei0] SHPSIAEEE BB B Riletson WL, § obPRFARCa Sdaflon
magnet or esi Sfjue, fi 1 e | ] ' i | 53.
The magneti c%%l\écgsd a(%:%%?%?ngatlg %F\Jgﬁg%%e g‘&%ﬁt ﬁsﬁﬁgﬁ?%!ee\%ﬁgr etl!gn Os%el d

substrate (bf il ies eon@hotbedy wHikh) ihwvidsinacssal aee omed eiid
insulating film(12) formed on said surface of the main body (11) and
having a s&off ddwe tndh siidmr ceddsenrddeinm pusyideds sbowe ithe sai d

f f the i ' fil 12). 4. Th Lc h '
surface of the nem a0 LLIERL, o certer '0E [REMELLS, 1800 20c0rdi g

bonding pad situates within a pattern of the thin f£ilm

coil.

47. The magnetic head according to claim 46,
wherein said coil supporting and isolating insulating
film is embedded within the recessed portion to have a
co-planar surface with said pole portion of the first

.magnetic film, and said gap film is formed on the co-
planar surfaces of the pole portion of the first
magnetic film and of the coil supporting and isolating
insulating £ilm.

48. The magnetic head according to claim 47,
wherein said substrate has a groove formed in said
surface of the substrate, said groove extending from
said recessed portion up to the air bearing surface,
said pole portion of the first magnetic film is
provided within said groove.

49. The magnetic head according to claim 46,
wherein said coil supporting and isolating insulating
film is embedded within the recessed portion to have a
surface which is closer to said substrate than the

surface of said pole portion on which said gap film is

L



46-52, wherein said substrate (1) conprises a main body (11) having

depressed portion formed in a surface and an instutating film (12) f
on said surface of the main body (11) and an i ARgIchestH8Beerd RSdacedf

depressed portion to formsaid recessed portion (1
manufacturing a hybrid type thin film¥shnetic he

recordi ng

LA

el ement (2), a magnetoresistive reading

substrate (1) supporting said inductive recording

- 113 -
steps of:

el ement and nagnet oresi stive readi ng el enent, conprising
form ng a depressed portion (13) in a surface of a

substrate (1); formng a first magnetic film (21) on an inner
of said recessedifedti an Ghdrfinideissbsstahg FGlm dnd Wrowi@edt ban of
said surface of the substrate (1) such that said first nagnetic fil
includes a paié porface ©fllHhextenti sgppeootinge anet eisseihipbngi on

to an air bearingasurface ; forniaiga thin filmcojl_ having

plurality of1Rg®

10
BEnoUEiiin 1S (bare 2409 RipAAR SHNF R GeLEa BBLt

(13) such that.said conductdve coil_turn 241 are isolated f
each ot her b@?%%aﬂgrgﬁog folfl’ sftehel nfshF%#iIH%gﬁ_ i %Qé%mf ormed within s _
recessed portionsg 13he magnk®i® PR WR-d+diMg22) paEEnOiaoa non-magnetic
| east on said pole portion (211) of the first magnetic film
(21) and saiwhéresh sadd dinoxpdnion {254 lating ffdlm s sechibdknageeti c

film(23) on said gap film (22) such that the second magnetic film (23)
i ncl udes a which is equal to a thickness of said pole portion of

mat eri al

at

the first magnetic £ilm.

51. The magnetic head according to zlaim 46,
wherein said thin film coil comprises a stack of a
plurality of coil turn layers provided within said
recessed portion.

52. The magnetic head according to claim 46,
wherein said magnetoresistive film of the
magnetoresistive element is formed by one of an
anisotropic magnetoresistive film, a giant
magnetoresistive film and a ferromagnetic tunnel
junction f£ilm.

53. The magnetic head according to any one of
claims 46-52, wherein said substrate comprises a main
body having a surface and an insulating film formed on
said surface of the main body and having a surface,
and said recessed portion is formed in said surface of
the insulating film.

54. The magnetic head according to any one of
claims 46-52, wherein said substrate comprises a main
body having a depressed portion formed in a surface

and an insulating f£ilm formed on said surface of the

* < L M ] *

a
or ned
sai d
hod of
ducti ve

t he
surface

m (21)
(13) up
a

on

rom

aid



pole portion (231) which is opposed to said pole portion (211) of the
first magnetic film (21) via said gap film (22) and a portion which is
nagneticallé_coupled with said first nmagnetic film(21) at position renote

from said pg8isdSheetHasBeer Radced formng a first shield gap film(6) on
23) at 11at-a portion near the air bearing

sai d second "!um! ”" Yo l1a - formng a

surface (10);

magnet oresi stive fi on said first shield gap film(6); form ng
a second shield gap film(7) on the nagneto- resistive film(3) and first
shield gap film(6); formng a third magnetic film(4) on said second
shield gap film(7) at least at a portion which is opposed to said

nmagnet or esi shai® bblip 681 W isdidk SeepAdesBireld ipRiddtdRdda;

formng a second insulating film (261) on said third nagnetic film(4) and
second shi elpogbpofi km EPrm said froecesgedi petrtdmch .second pairs of
conductors, said _first pair of conductors being connected to respective
ends of said thiTe fi# ieeredt AEomgRwiias T isro f ar hebrild tymed tddaond

i nsul ating f} ( nd, sai d, secaond,pair__of._conductors bei connect ed
to respecti vfel%dég%%legéicd%e&%rfé}%ﬁ&f%?i e & C(t’a“)v%yr?%%’?@‘g%g via hol es
formed in s@&megeond inas | i d 2 3 rn I rst and
second pairs of bonding pggiﬁd;%l%%ﬂéféég)lﬁ?ﬁ eslaelm(fﬁsée)’cﬁlﬂgi%sul ating
film(261), sebstratessupportindauwidginddetizé riHorEiny sDanested to

said first pair of conductors, said second pair of
and magnetoresistive reading element, comprising the

| eas

steps of:

forming a depressed portion in a sd}face of a
substrate;

forming a first magnetic film on an inner surface
of said recessed portion of the substrate and on a
_portion of said surface of the substrate such that
said first magnetic film includes a pole portion
extending from the recessed portion up to an air
bearing surface;

forming a thin film coil having a plurality of
conductive turns within said recessed portion such
‘that said conductive coil turns are isolated from each
other by means of a first insulating film formed
within said recessed portion;

forming a gap film made of a non-magnetic material
at least on said pole portion of the first magnetic
film and said second insulating film;

forming a second magnetic film on said gap film
such that the second magnetic £film includes a pole
portion which is opposed to said pole portion of the

first magnetic film via said gap film and a portion

* c L M S * :



bondi ng pads (33, 34) being connected to said second pair of conductors,
and one of said first pair of bonding pads (27) being formed such that a
center of the_-relevant--bonding pad (27) situates within a plane of a
pattern defined b i ' kM coi | . 56. The nethod according to

cl ai m 55, whéh§j Lai35s Beblk |ésfﬁ%porti-ng[;amdLisolating insulating film (25)
S L “mlﬂl “ - 115 - formed in such a manner that
a surface of th ting and isolating insulating film (25)
beconmes co-planar with a surface of said pole portion (211) of the first
magnetic film(21), and said gap film(22) is fornmed on the co-pl anar
surfaces of the pole portion (211) of the first magnetic film (21) and of
the coil s OLf i i.sql ating | [ I Lm. (:29).. The
met hod acco%ﬁﬁéﬁtggcﬁggﬁsggéah%gigéﬁéﬁg%r@%%% f%g$‘%3%§ﬁrﬁ§§¥%t§aid
surface of tmﬁuaétgageti%ﬂc&e&d@é_e @& 9EQ9Mepbla) paxltengds; from said
recessed portion (13) up to the air bearing surface (10), and said pole
portion (211) offditmwifigrat fimghetihdelid pdR1ffilmsohosadd Wedumd sai d groove
(15) such that the surface of the pole portion (211) of the first magnetic
film(21) peagresicofplanat dieast Rt syrpartion nparsiiha rate (1).

58. The nethod according to claim55, wherein said coil supporting and

i solating i ?ﬁ%&?ﬂgsFF%ﬁF€§5) is formed within the recessed portion (13)
such that a sur =N h bl oFERPU L § I sQl atis i+ ating film
(25) is |ower théac?lﬁ.m lg&s%rﬁgggglgf sal %%io\f% %g?ltni éﬁ g%&ﬁ)f,ﬁ;én%i nor gani c

i nsul ating fédhia1dO08xpi Eiflav;med on said surface of the coil supporting and
i sol ati ng

forming a second shield gap film on the
magnetoresistive film and first shield-éap £ilm;

forming a third magnetic f£ilm on said second
shield gap film at least at a portion which is opposed
to said magnetoresistive film via said second shield
gap film;

forming a second insulating f£ilm on said third
magnetic film and second shield gap film;

forming first and second pairs of conductors, said
first pair of conductors being connected to respective
ends of said thin film coil thfough via holes formed
in said second insulating f£ilm and said second pair of
conductors being connected to respective ends of said
magnetoresistive f£ilm by means of via holes formed in
said second insulating f£ilm; and

forming first and second pairs of bonding pads on
said second insulating film, said first pair of
bonding pads being connected to said first pair of
conductors, said second pair of bonding pads being
connected to said second pair of conductors, and one

of said first pair of bonding pads being formed such

L



insulating film (25) such that a surface of the i norganic _insulating film
(100) becones co-planar with a surface of the pole portion (211) of the

first magnetic film (21). 59. The net hod agearcHestdasBeeh Bepladss,
wherein said inorganic insulating film (100) havi | ar ger
than a thickness of said pole portion (121l)- of

- 116 - the first magnetic film(21), and a su e € inorganic

film(100) is polished until the surface of the inorganic film (100)
beconmes co-planar with the surface of the pole portion (211) of the first
magnetic film(21). 60. The nethod according to claim59, wherein
said polishing is perfornmed by a chem cal nechani cal polishing. 61.
The net hod gg ' | aj , el [ ds. 1 hi il il_Jds fornmed by
stacking a % url{al%l t‘g?e%ﬁge‘go?kr’%?‘% rf\%{lgeﬁarr{s}c (ﬁgééf%,ilégﬁa\%lvi tsﬁ]itgl%stﬁéd recessed
portion (13)yithin £%1dHe BE! BOGAGGHI IO {Pe@MyOBaiaf tRlid 5 136- 61,
wherein said substrate (1) is fornmed by formng an insulating film(12) on
a main body dalill), and said recessed portion (13) is formed in the surface
of the insulating film(12). 63. The nmethod according to any one of
clains 56-61, Wer&he methedaeearding) tios dl@imed by woerehy aaidepr essed

PO 0 S 280 Bl R (oL g4 g oyl ot 1 T
fi1m magnet igo5ad SOTBELA! Admannex 15HDSA rAbPehdl BEVLRG Boyy face in

whi ch a recesse portion (
supporting and isolating insulating film becomes co-

planar with a surface of said pole portion of the
first magnetic film, and said gap film is formed on
the co-planar surfaces of the pole portion of the
first magnetic f£ilm and of the coil supporting and
isolating insulating film.

57. The method according to claim 56, wheréin a
groove is formed in said surface of the substrate such
that said groove extends from said recessed portion up
to the air bearing surface, and said pole portion of
the first magnetic film is formed within said groove
such that the surface of the pole portion of the first
magnetic f£ilm becomes co-planar with the surface of
the_substrate. |

58. The method according to claim 55, wherein said
coil supporting and isolating insulating film is
formed within the recessed portion such that a surface
of the coil supporting and isolating insulating film
is lower than the surface of said pole portion, an
inorganic insulating film is formed on said surface of
the coil supporting and isolating insulating film such

that a surface of the inorganic insulating f£ilm

* c L M S *



an inductive recording elenent (2) fornmed to be opposed to said surface of
the substrate (1) in which said recessed portion (13) is fornmed; and

a magnet oresi stive reading el enent fornmed on a side -of—sai-d-i-npductive
recording element (2) which is

i< Sh - 117 -
opposite to said substrate (1); ~widisein sd8 iBean ﬂ?ﬂing
el enrent (2) includes: a first magnetic filnu ﬂ n said

recessed portion (13) of the substrate (1) and h portion
(211) extending fromthe recessed portion (13) wup to an air bearing
surface (10); athinfilmcoil formed within said recessed portion
(13) and having a plurality of conductive turns (241, 242); an
i nsul ating fHédBn(e%S)céﬂéﬂEHaW WAk s /ReeSSeE tRAMbbIR GhPridich that
sai d conductive turns (241, 242) of the thin filmcolil are isolated by
sai d i nsul atdfghd i firé@Shagneticafddm.fil m (22) nmade of a non-magnetic
material formed at |east on said pole portion (Zlé%hof the first nmagnetic
film(21) and s&9% Mhsumeathed faceerding to claisedshd waegneincsaibm (23)
havi ng a pol.e portipon ,(231) which.is osed to said pole_portion (211) of
the first mEyHEIEFit ?%%leHa@§&FH Y?4$Iﬂ1Fgéfﬂﬁﬁﬁsalﬁﬁﬂqqon (232)
whi ch is magreti cally: d_wi «SAl i neti ¢.fil ) at
position re?r%faéd ?a?oﬁéggﬁgg%of)\g %%ﬁﬁ?%&%ﬁ?%tgggdggoﬁgep(??t% (231) of
the secondmmgiti€e film(28hdbai RerdRNSsd i€t EHebYndrgRhaly WSl Mi ch is
formed in a surface of the second

polished until the surface of the inorganic film

becomes co-planar with the surface of the pole portion
of the first magnetic film. .

60. The method according to claim 59, wherein said
polishing is performed by a chemical mechanical
polishing.

61. The method according to claim 55, wherein said
thin film coil is formed by stacking a plurality of
coil turn layers within said recessed portion.

62. The method according té any one of claims 56-61,
wherein said substrate is formed by forming an
insulating film on a main body, and said recessed
portibn is formed in the surface of the insulating
film.

63. The method according to any one of claims 56-61,
wherein said substrate is formed by forming a
depressed portion in a surface of a main body and by
forming an insulating film on said surface of the main
body.

64. A hybrid type thin film magnetic head
comprising: |

a substrate having a surface in which a recessed

L



magnetic film (23) contacted with said gap film (22) and protrudes toward
said pole portion (211)_of the first magnetic film(21); and t wo
conductors each having one ends connected to

- 118 - r { Nas Beed Replceglai d thin filmcoil; sai d
magnet oresi stiv nt includes. - a flrst shield gap film(6)
formed on said ic film(23); a magnetoresistive film(3)

formed on said first shield gap film (6) such that a side edge of the
magnetoresi stive film(3) is exposed on said air bearing surface (10);
a second shield gap film(7) forned on the magneto- resistive film(3) and

first shield gap film(6); and a third magnetic film(4) fornmed on
sai d second (7) and having a portion which is opposed to
sai d nagnetgre3|stldggﬁﬁ%hh%%) via said second shield gap film(7); and

at |east two bopdi A@RRAS U redStaiAgmed cifent Sddedqdtd BE said substrate
(1) on a side fromwhich a bearing arr flow exits, one of said bonding

pads (27) bppm;adnﬂuxﬂ&xﬂtsunﬁacefofmuhd\mnhsumhméoin whiich ismid
connected to one end of the thin filmcoil and being provided above the
thin film céecessad maxtiorehsefosmedihand| evant bondi ng pad (27)
situates wthin_a_pl an

attern define t he th|n f|In1c0|
65. The magneti & 8&&-%&§ﬁ%ﬂﬁ1 Yo tf& ﬁF€4eiﬁ@§Q§ HpefeqBt Aone of said
pol'e porti o3 de?%l 3 addeiv! &%bﬂ&:@e%é@e%aehf jlgs (21, 23)

Is formed by a
opposite to said substrate;

wherein said inductive recording element includes:

a first magnetic film formed on saié recessed
portion of the substrate and having a pole portion
extending from the recessed portion up to an air
bearing surface;

a thin film coil formed within said recessed
portion and having a plurality of conductive turns;

an insulating f£ilm formed within said recessed
portion such that said conductive turns of the thin
film coil are isolated by said insulating film;

a gap film made of a non—magnetic material formed
at least on said pole portion of the first magnetic
film and said insulating film;

a second magnetic film having a pole portion which
is opposed to said pole portion of the first magnetic
film via said gap film and a portion which is
magnetically coupled with said first magnetic film at
position remote from said pole portion, said pole
portion of the second magnetic f£film being constituted
by a protrusion which is formed in a surface of the

second magnetlc film contacted with said gap film and
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stack of a pIuraIity'of magnetic | ayers (233, 234) having different
saturation magnetic flux densities. 66. The nagnetic head"aeeerding to

cl aim 65, wherein ceaélc
| ayer (233) having the highest saturation nagnetlng
arranged adjacent to said gap film(22)17 - 67. T
according to claim®64, wherein said substrate (1) h rtion

(13) formed in a surface of the substrate, said first nagnetlc f|In1 (21)
has the pole portion (211) formed on the surface of the substrate (1) and
a portion forned on an inner surface of the recessed portion (13), said

thin film coil is formed within the recessed portion (13), and said gap

fil 22) i t h f f _th ol t 11) of th
fi rrsnt(rra)gnlefpger’FP B Bpriatit St 4 BapBoPPRTd B s S FhsSEsul ating Fil m
(25). ﬂﬁgglgagqghicé%g?d according to claim67, wherein said

substrate (1 as a groove formed in said surface of the substrate

(1), said groovetwd5Sroaduetdiry edclRMhadifdgr enessediPAdnwsctdd) top to the
air bearing surface (10), said pole portion (211) of the first magnetic
film (21) isrpspectddenieris shisajdobhén( f3)lm coil 69. The magnetic head
according to claim64, wherein said coil supporting and, isolating

i nsul ati ng f||ﬁ1f25§ m?§ﬂ9ﬁﬂ§ﬁﬁ&F9&Yﬁ|ﬁeﬁﬁén9e8é§ﬂ§¥§xﬁ¥¢%ﬂ €§3) to have
a surface which_ig.cl AseY L han 4 he  surface of said
iLOSU 0 S SRR BbEnEN) P dbe, s

pol e portion (21?) Sh Wwhi-¢ 'S prOV| 3% I nor gani c
i nsul ating fmggheQ;QOEﬂI%UprOV|ded on sald surface of the coil supporting

a magnetoresistive film formed on said first
shield gap film such that a side edge éf the
magnetoresistive film is exposed on said air bearing
surface;

a second shield gap film formed on the

. magnetoresistive film and first shield gap film; and

a third magnetic film formed on said second shield
gap film and having a portion which is opposed to said
magnetoresistive film via said second shield gap film;
and

at least two bonding pads formed on a side wall of
said substrate on a side from which a bearing air flow
exits, one of said bonding pads being connected to one
of said two conductors which is connected to one end
of the thin film coil and being provided above the
thin film coil such that a center of the relevant
bonding pad situates within a plane of a pattern
defined by the thin film coil.

65. The magnetic head according to claim 64,
wherein at least one of said pole portions of the

first and second magnetlc film is formed by a stack of
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and isolating insulating film(25) to have a co-planar surface with said

pole portion (211) of the first - R 74 O I
magnetic film(21). 70. The magneti c head accordi ' ,
wherein said inorganic insulating film (100) ha(s:‘%g S bt %ﬂi&%ﬁ IS
equal to a thickness of said pole porthag (211) o;l H gﬂl netic film
(21). 71. The magnetic head according to cl ai ) i aid thin
filmcoil conprises a stack of a plurality of coil turn layers (241, 242)
provided within said recessed portion (13). 72. The magnetic head
according to claim64, wherein said magnetic head further conprises a
magnet oresi stive elenent which includes: a first shield gap film(6)

d f - td ' | ati terial d. f id d
magnetic A MR 6 SF NaEhrETer Tebiar, dind dFEE8PRER on eaid first
shiel d gap i leg e iéﬂ“ﬁ?%&éﬁi@ shde gdgeqf;dhe nmagnetoresistive film(3)
I S exposed on said alr bearing sur%ace %ﬁ%; ) a second shield gap film

(7) made of a n@l-.mMreetiagndtidldaddasBbetiay awd Jiimds®N the _
magnetoresistive film(3) and first shield gap film(6); and athird

magnet i c fi Winee$irf o meabwet sai Yayerohavigiy etle gapghekin garuratiow3. The
nmet hod according to claim 72, wherein said nagnetoresistive film(3) is
formed by oNEIRRLIHF aht&h-deRrs by clfnghetdtdnd RLIRCEREntoa sgiishiap
nagnetoresi§gh$3

67. The magnetic head according to claim 64,
wherein said substrate has a recessed portion formed
in a surface of the substrate, said first magnetic
film has the pole portion formed on the surface of the
substrate and a portion formed on an inner surface of
the recessed portion, said thin film coil is formed
.within the recessed portion, and said gap film is
provided on the surfaces of the pole portion of the
first magnetic film and coil supporting and isolating
insulating £ilm.

68. The magnetic head according to claim 67,
wherein said substrate has a groove formed in said
surface of the substrate, said groove extending from
said recessed portion up to the air bearing surface,
said pole portion of the first magnetic film is
providéd within said groove.

69. The magnetic head according to claim 64,
wherein said coil supporting and isolating insulating
film is embedded within the recessed portion to have a
surface which is closer to said substrate than the
surface of said pole portion on which said gap film is

provided, an inorganic insulating f£ilm is provided on

(O



filmand a ferromagnetic tunnel junction film

- 121 - 74. The magnetic head accordi ng to any--one -ef—-€l-ainms 64-73,

wherein said substrate (1) conprises a nmain body (11) having_a surface and
iﬁwi

an insulating film(12) formed on said surface &fs3heet Hastee a1y and
having a surface, and said recessed-parta on (13) i u aid
surface of the insulating film(12). 75. The ccordi ng

to any one of clains 64-73, wherein said substrate (1) conprises a main
body (11) having a depressed portion fornmed in a surface and an
insulating film(12) formed on said surface of the main body (11) and an
I nner surface (131) of said depressed portion to formsaid recessed

[ o . d of . f ' ' [ [
port1 o0, (15kasc alfacd SELRBE, ShaT HEREIAL4A S0 Bebdpbiag L (11

I Ng~a subs ng,- a Cltivé=recording

el ement (2) ;tQniRe iy S| fnSHESHhRIEE a (CH-Fihér "BGPELOECHiTH W igadi ng
el enent forned on the inductive recording elenent (2), conprising the
steps of: pold gontipr s£ceheedipett mayrdiS)c aftilm. groove (15) in a
surface of the substrate (1) such that said groove (15) extends fromsaid
recessed portiodO-1FTheupagnetic ieadearcryddnd dee qEim 69, forming a

first magnetic fiJn1421 pn_an inner, surface o .ﬁ@ig recessed . portion (13)
and on an i el 3t HROTERBLG, O AB RSB Lt &6sfr rness

CLemng o PUgH, 8 daafstoTRORSAIT S U dohnd g e
(15) such t hale Fidk fragenbevel fafint.he pole portion (211) of the first

71. The magnetic head according to glaim 64,
wherein said thin film coil comprises a stack of a
plurality of coil turn layers provided within said
recessed portion.

72. The magnetic head according to claim 64,
“wherein said magnetic head further comprises a
magnetoresistive element which includes:

a first shield gap film made of a non-magnetic
insulating material and formed on said second magnetic
£ilm;

a magnetoresistive £ilm formed on said first
shield gap film such that a side edge of the
magnetoresistive film is exposed on said air bearing
surface;

a second shield gap film made of a non-magnetic
insulating material and formed on the magnetoresistive
film and first shield gap film; and

a third magnetic film formed on said second shield
gap film.

73. The method according to claim 72, wherein said

magnetoresistive £ilm is formed by one of an

* c L M S *



- 122 - magnetic film(21) within the groove (15) is lower than a
surface | evel of the substrate (1) in which said groove (15) is forned so
that a step i.s_forned between these surfaces; formng a thin film
coil having a pIuraIitg of conduc- tive coil turns (241, 242) within said

recessed por Thighhe a8l sai d- cbP@uctive coil turns (241, 242) are
I sol ated from H ans of a first insulating film(25) forned
Wwithin said rec (13); forming a gap film(22) made of a
non-magnetic material on said insulating film(25) forned in said

recessed portion (13) and said pole portion (211) of the first nmagnetic
film(21) such that the gap film(22) includes a step corresponding to

said step ofahigotirbplic mBgMItGddisti{vd) Film, of ¢iEH0 a second magnetic
film(23) on said gap film (22) such that said second magnetic film (23)

i ncl udes a mayereporekdstiz@l)f iconsdnd uaeflebyomapgmneitriksitommndal ch is forned
within said groove (15) and is opposed to said pole portion (211) of the
first magnetien¢rian(filmyia said gap film(22) and a portion (232) which
is magnetically, goypled with said fiyrst magnetic _film(21) position
remote from sai d7%tnltﬁlepdp?%ﬁt%§1%f?d accng 9t ?PVsPn?nP%t d gap film

(6) on said féféﬁ?g 648985" Whd:ldif (d1aabublRshd .c%n&g.rj}é&.é(l §e:a5iﬁh.e air
g surface (10); ormng a maghetoresistive tilm(3) on said
first shielldo@@aphétifig(@) surface and an insulating film formed on

said surface of the main body and having a surface,

and saild recessed portion is formed in said surface of

the insulating film. ’

75. The magnetic head according to any one of
claims 64-73, wherein said substrate comprises a main
body having a depressed portion formed in a surface

~and an insulating film formed on said surface of the
main body and an inner surface of said depressed
portion to form said recessed portion.

76. A method of manufacturing a hybrid type thin
film magnetic head including a substrate having, an
inductive recording element formed on said substrate
and a magnetoresistive reading element formed on the
inductive recording element, comprising the steps of:

forming a recessed portion and a groove in a
surface of the substrate such that said groove extends
from said recessed portion up to an air bearing
surface;

forming a first magnetic film on an inner surface
of said recessed portion and on an inner surface of

said groove of the substrate;

etching a part of said first magnetic film formed

A



- 123 - formng a second shield gap film(7) on the

magnet oresi stive film (3) and first shield gap film{(6);” " "~ "forning a
third magnetic film(4) on said second shield gapid $he& ks Béth Fieﬁl%éé at a
portion which is opposed to said magnetoresistive f §
second shield gap film(7); form-ng2a second i H’mem (261) on
said-third magnetic film (4) and second shield gap form ng
first and second pairs of conductors, said first pair of conductors being
connected to respective ends of said thin filmcoil through via holes
formed in said second insulating film(261) and said second pair of
conductors being connected to respective ends of said magnetoresistive
film(3) by ang of. r med d uLa fllm
(261); and ok Qﬁe %@%ﬁ%r%%f§ % ggcgn p fgﬂg q%%n%+ﬁ§ %a 0&%?

33, 34) on S?bétﬁﬁﬁp&ﬁdﬂﬁh“@ﬁé”@r&bb@‘@@@H,tﬁéﬂcb durshcpailevefl Qﬁﬂdlng
pads (27, 28) being connected to said first pair of conductors, said
second pair ahe poid mppypadsn (88, tBé)fhemmgnm@nnxiedfibmsandhmaxnhb pair
of conductors, and one of said first pair of _ bondin ads (27) being
fornmed such ETFTQPV@ dentlavwer than pepu¥dRChIRVNY ‘bgd bemumtmt@s within
a plane of a, patt said thin film 7. The net hod

defined b
according tol® & e[}'g £ P%rr?l %?t &F erdeh$e é“??r%tsﬁﬁﬁnétsl c film(21)

formed withigy dfﬂ' ? Eﬁ&%%k@% .pole portion (211) of the first
magneti c f|In1 21 the groove (15) are

formlng a thln film coil having a plurality of

conductive coil turns within said recessed portion
such that said conductive coil turns aée isolated from
each other by means of a first insulating film formed
within said recessed portion;

forming a gap film made of a non-magnetic material

- on said insulating film formed in said recessed

portion and said pole portion of the first magnetic
film such that the gap film includes a step
corresponding to said step of the first magnetic f£ilm;

forming a second magnetic film on said gap film
such that said second magnetic film includes a pole
portion constituted by a protrusion which is formed
within said groove and is epposed to said pole portion
of the first magnetic film via said gap film and a
portion which is magnetically coupled with said first
magnetic film at position remote from said pole
portion;

forming a first shield gap film on said second
magnetic film at least at a portion near the air
bearing surface;

forming a magnetores1st1ve film on said first
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- 124 - etched to be inclined outwardly. '78. The nmet hod accordi ng
to claim 76,--wherein sai.d step of form ng the second magnetic film (23)

includes formng the pole portion (233) within said groove (15) such that
a top surfacHig$h gédbn (233) is co- planar with the surface of
the gap film( Ti H ng a magnédfi2c film (234) on said co-planar
surfaces ” of s n (233) and gap film (22). 79. The net hod
according to claim78, wherein said step of formng the pole portion (231)
of the second magnetic film (23) conprises a step of formng a magnetic
film(233) having a thickness which is larger than a depth of said groove
(15), and polishing the nmagnetic film (233) until the surface of the gap
film (22) khiNePsREPp film; 80. A nmethod of manufacturing a hybrid type
thin filmmgnetic head including a substrate (1) having, an inductive
recordi ng el enefibriddng @ neebamd sehile3dbghpatfd 1n{ Ion atldea nmagnet or esi sti ve

readi ng el enent formed on the inductive recording_elenent (2), conprising
the steps ofagnetoxegistive fédtmsand gfomstorshiusidigan fddfdce of the

bstrat 1); f ' i rst L.g fil 21 [ f
of 'sal d 1 ecokse BB (15 - A ERCEL a Faar Aob S41e REElfetrate (1)
such t hat t@ﬁifélgftgéﬁigﬁﬁ Cat! ighs@%) RAHAP05E PRLELOR & %%?oé@li ch

extends from sal recessed portion ( up to an alr bearing surface (10);
formng a tktioh ddildntghetioreésfsaipeurdln Wid said second shield

gap film;

forming a second insulating film on said third
magnetic film and second shield gap fil;;

forming first and second pairs of conductors, said
first pair of conductors being connected to respective
ends of said thin film coil through via holes formed
in said second insulating film and said second pair of
conductors being connected to respective ends of said
magnetoresistive film by means of via holes formed in
said second insulating film; and

forming first and second pairs of bonding pads on

" said second insulating f£ilm, said first pair of

bonding pads being connected to said first pair of
conductors, said second pair of bonding pads being
connected to said second pair of conductors, and one
of said first pair of bonding pads being formed such
ﬁhat a center of the relevant bonding pad situates
within a plane of a pattern defined by said thin film
coil.

77. The method according to claim 76, wherein after
etching the first magnetic film formed within the

groove to form the pole portion of the first magnetic

L



- 125 - conductive coil turns (241, 242) wthin said recessed portion
(13) such that said conductive coil turns (241, 242) .are supported and

i solated by a coil supporting and isolating insulating film (25) forned
within said recessed portion (13), a surface |eV&pShee e placed
supporting and isolating insulating fil¥4325) bein%J H ]Ihan a
surface | evel of the pole portion (211) of the fir Il m(21);
formng an inorganic insulating film (100) on said substrate (1), said
pol e portion (211) of the first magnetic film(21) and said coi

supporting and isolating insulating film (25); etching said inorganic
insulating film (100) such that a surface of said pole portion (211) of
the first meghihi csibmvallls icf @HWsEEoove aret etidiedaisl wxposed surface
of the pole portion (211) of the first magnetic film (21) such that a
surface | evelnolinkd pukwagdtli.on (211) of the first magnetic film(21) is
| ower than a surface |evel of the inqgrganic film(100) so as to forma

gr oove; f or n{ g The dpethedh posPrRdde Jic £ mifneWhPereiR &aid on

said inorganjgc _insul ating fil 100 d on i d | e poriion (211) of the
Frrst magnetTEoR! P EoERing e, Sedod madast e’ fkf BRESEITTY
magnetic filfofR3hgoBneabéd1@apdritiBn w22hiAUSRidrRid secrnenargnetic
film(23) includes a pol e portion (231) constituted by a protrusion which
projects inta sepdsgrdace afd tise gupbsedotbisai dspalee-planar with

- 126 -

the surface of the gap film, and forming a magnetic

film on said co-planar surfaces of said pole portion

and gap f£ilm.

79. The method according to claim 78, wherein said
step of forming the pole portiop of the second
magnetic f£ilm comprises a step of forming a magnetic
film having a thickness which is larger than a depth
of said groove, and polishing the magnetic film until
the surface of the gap film is exposed.

80. A method of manufacturing a hybrid type thin
film magnetic head including a substrate having, an
inductive recording element formed on said substrate
and a magnetoresistive reading element formed on the
inductive recording element, comprising the steps of:

forming a recessed portion in a surface of the
-substrate;

forming a first magnetic film on an inner surface
of said recessed portion and on said surface of the
substrate such that the first magnetic film has a pole
portion which extends from said recessed portion up to
an air bearing surface;

forming a thin film coil having a plurality of

o



portion (211) of the first magnetic film(21) via said gap film(22), and
a portion (232) which is magnetically coupled with said first magnetic
film(21) at aposition ~Trendtéeé fromsaid pole portion (211); form ng

a first shield 03 e84 d second magnetic film(23) at |east at
a portion near‘nia Ehééth n surf acd2410); formng a
magnet oresi sti ve id first shield gap film(6); form ng

a second shield the magneto- resistive film (3) and first
shield gap film (6); forn1ng a third magnetic film(4) on said second
shield gap film(6) at least at a portion which is opposed to said
magnetoresistive film(3) via said second shield gap film(7);

formng a secoRmhdiisH ato{y Ehkﬁb( #Abhi) $id L8EELseBRYRSGH | | M (4) and
second shield gap film(7); formng first and second pairs of

conduct or s, swaid tHdtt s$apdi confluctieec toarisl beings canaesupgportadespett i ve
ends of sald thin filmcoil through via holes forned in said _second
i nsul ating tlspriaa(tzsi_t)bsan@l ceid suppedtisg and Lealatings l@@qi@tclé?mect ed

0, EPEC R0 Sod % RS S LSk, DY BRI 1 foles
i (260 teNed Y p8T08: L bppndie iy Aty ORo S R T
said first gailn Weirp 6t OnSghed &hsecNbpefdcef level of the pole
- 127 - bondi ng pads (33, 34) being connected to said seconé)
portion of the first magnetic f£ilm;
forming an inorganic insulating filp on said
substrate, said pole portion of the first magnetic
film and said coil supporting and isolating insulating
£film;
etching said inorganic insulating film such that a
surface of said pole portion of the first magnetic
film is exposed;
etching said exposed surface of the pole portion
of the first magnetic film suéh that a surface level
of the pole portion of the first magnetic film is
lower than a surface level of the inorganic film so as
to form a groove;
forming a gap film made of a non-magnetic material
on said inorganic insulating film and on said poie
portion of the first magnetic film within said groove;
forming a second magnetic film on said gap film
such that said second magnetic film includes a pole
portion constituted by a protrusion which projects
into said groove and is opposed to said pole portion
of the first magnetic film via said gap film, and a

portion which is magnetically coupled with sald flrst
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pai r of conductors, and one of said first pair of bonding pads (27) being
formed such that a center of the relevant bonding pad (27) situates within
a plane of a pattern defined by said thin filmecoil. =~ 78I The method

according to claim80, wherein after etching the expossits e
first magnetic film (21) to formthe giZfove, side walll Hgéa%QRQEE%pare
etched to be inclined outwardly. 82. The net hod Egulwgﬂlﬁlﬂtal m 80,
wherein said step of formng the second magnetic fil

formng the pole portion (231) within said groove such that a top surface

of the pole portion (231) is co- planar with the surface of the gap film
(22), and formng a magnetic film (234) on said co-planar surfaces of

sai d pol e pefdddrdt {234) 18t 98Ppbidifi(c#?)remote BBom!BaiRERAE according to
claim82, wherein said step of formng the pole portion (231) of the

second magmetntcidn] m (23) conprises a step of formng a nmagnetic film
(233) having a thickness which is |larger than a depth of said groove, and
pol i shing the nd@¥®ing fa | HireB3fhisld g Giukm er spidhsegamdilm (22) is
exposed. 84.. A nethod of _manuyfacturing a, hybrid type thin film

magnet i ¢ heg@qqﬁﬁiﬂPﬁbﬂﬁ ?gbéﬁﬁ§ﬁe Ctif‘rﬁ?ﬁ%?@?xaﬂeé‘f?nﬁg’ﬁia\@:recording

el ement (2) fﬁﬂ%(ghf Ld.substrate (1) and a magnetoresistive reading

el enent formgykN1 he ?%gﬁétive recordi ng el enent (2), conprising the

steps of: forming a magnetoresistive 1#8lm on said Faxi@thg a recessed
portion (13) in a surface of the substrate (1); formng a first
magnetic filshielld ompabilmpner
forming a second shield gap film on the
magnetoresistive film and first shield ;ap £film;
forming a third magnetic film on said second
shield gap film at least at a portion which is opposed
to said magnetoresistive film via said second shield
‘gap £ilm;
forming a second insulating film on said third
magnetic film and second shield gap £ilm;
forming first and second pairs of conductors, said
first pair of conductors being connected to respective
ends of said thin film coil through via holes formed
in said second insulating film and said second pair of
conductors being connected to respective ends of said
magnetoresistive film by means of via holes formed in
said second insulating film; and
forming first and second pairs of bonding pads on
said second insulating film, said first pair of
bonding pads being conmnected to said first pair of
conductors, said second pair of bonding pads being
coﬁnected to said second pair of conductors, and one

of said first pair of bonding pads being formed such

T R



surface of said recessed portion (13) and on said surface of the substrate
(1) such that the first nmagnetic film (21) has a pole portion (211) which
extends from.said recessed portion (13) up to an air bearing surface (10);
formng a netal film (200) at |east on said pole portion (211) of the

) ;
first magnet iTois@Sh en BRaplared et gt 26 m-(200) bei ng made of a neta
whi ch has an e H
film(21);

y different fromthat of the first nagnetic

n filmcoil having a plurality of conductive
coil turns (241, 242) within said recessed portion (13) such that said
conductive coil turns (241, 242) are supported and isolated by a coi
supporting and insulating film(25) formed within said recessed portion
(13), a sur{gge hevehteh A i FePUPRAL! bBAGARY Ja3P!fftngtégsul ating
film(25) being Ilower than a surface |level of the nmetal film (200);
form ng an whohiianacpilasid aifi g patvetAOQefonedaby saibdttlair £i)lm said
metal film (200) on the pole portion (211) of the first magnetic film (21)
and sai d cof®illsupporting and isolating insulating film(25); et chi ng

said inorganic jnpsylatin il.m (100),.such that. a rface of, said netal
film (2005‘]j i s e%og‘"e‘b? mgt{logeﬁ Eﬂ’zﬁe‘lr&? e‘i%h‘fhﬁ?;”’gag RET T %) to
expose : - 2912 . . 1 he pol e
Cortion (2135°5inE, S sxposed surface] offht firdiihadiCere, SLIIC BO!C,

the pole pestifdurh2dde ghobke,figidde MgIES i 61 the G2boves dxaver than a
surface |l evel of the inorganic insulating film
etched to be inclined outwardly.

82. The method according to claim 80, wherein said
step of forming the second magnetic fil& includes
forming the pole portion within said groove such that
a top surface of the poie portion is co-planar with
the surface of the gap film, and forming a magnetic
_film on said co-planar surfaces of said pole portion
and gap £ilm.

83. The method according to claim 82, wherein said
step of forming the pole portion of the second
magnetic £ilm comprises a step of forming a magnetic
film having a thickness which is larger than a depth
of said groove, and polishing the magnetic film until
the surface of the gap film is exposed.

84. A method of manufacturing a hybrid type thin
film magnetic head including a substrate having, an
inductive recording element formed on said substrate
and a magnetoresistive reading element formed on the
inductive recording element, comprising the steps of:

forming a recessed portion in a surface of the
substrate;

forming a first magnetic film on an inner surface

L



(100) so as to forma groove; formng a gap film(22) nade of a
non-magnetic material on said inorganic insulating film(100) and on said
pol e. portion (211) of the first magnetic film (21) w thin-said- groovep—~m
form ng a second nagnetic film (23) on said gap film (fﬁgsﬁée aid
second magnetic film (23) includes a- p®2 portion (231 aged
protrusion which projects into said groove and is oppose ~
portion (211) of the first magnetic film(21) via said g
a portion (232) which is magnetically coupled with said first nagnetic
film(21) at a position renote fromsaid pole portion (211). form ng
a first shield gap film (6) on said second magnetic film(23) at |east at

a portion n | s )

magnet or esi gt?j{ vﬁtég??%éfgggga c{r?(s%lé %efﬁlgagf‘%ﬁgrﬁé?éff the form ng
a second shiglwsgaRtéi bﬁbh&h@@: e NEOREE Omaghesiist ifand iHaB (8)pand first
shield gap film(6); formng a third magnetic film (4) on said second
shield gap fodmtidn whitbhaektamnds goram osaifli chcessedppoedd aro wai to
magnetoresistive, film (3) via said second shield gap film(7);

- 130 - an a}pr REAYLAIs U H@GSsul ating film (26) on said thlrd

rRgnety o {11 QoAlhdcioRdsh g UML) caia UL RIS and
to respectivgr engdstobseaibghltivid i Mol sallr ABER1ViER 1hOIRS AL ARG N

of a metal which has an etching property different
from that of the first magnetic film; )

forming a thin film coil having a plurality of
conductive coil turns within said recessed portion
such that said conductive coil turns are supported and
isolated by a coil supporting and insulating film
formed within said recessed portion, a surface level
of said coil supporting and isolating insulating film
being lower than a surface level of the metal f£ilm;

forming an inorganic insulating film on said
substrate, said metal film on the pole portion of the
first magnetic film and said coil supporting and
isolating insulating film;

etching said inorganic insulating film such that a
surface of said metal film is exposed;

selectively etching said metal film to expose the
surface of the pole portion of the first magnetic film
such that a surface level of the pole portion of the
first magnetic f£ilm is lower than a surface level of
the inorganic insulating film so as to form a groove;

forming a gap f£ilm made of a non-magnetic material

on said inorganic 1nsu1at1ng film and on said pole
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said second insulating film (26) and said second pair of conductors being
connected to respective ends of said magnetoresistive film(3) by nmeans of
via holes formed in said second insulating film(26); and form ng
first and sécond pairs of bonding pads (27, 28, 33, 34) on said second

I nsul ati ng frhisrshéél sBsarl Beplaqeﬁst pair1@B bondi ng pads (27, 28) being
connected to- |r of conductors, said second pair of bonding
pads (33, 34) d to said second pair of conductors, and one

of said first on I ng pads (27) being fornmed such that a center of
the relevant bondlng pad (27) situates within a plane of a pattern
defined by said thin filnlcoil 85. The nethod according to cl ai m 84,

sherel n aft gpre3hecld valy Aokl ndasARd ttAld U A00LaLA BXBYLS L he

surface of € pole po magnet i ) ‘to form
the groove, sidecyalihg @f ddt@r aRYgnetlie eiakedr csabﬁi@&;%l pednout wardl y.
86. The nethod according to claim84, wherein said step of formng the
second nmagneuich frhiat (s23)d | sreton@smagnetiing filen pobel pdesi anpp2&l) within
sai d groove such that a top surface of the pole portion (231) is co-

pl anar mnthPPﬁé1§@rMQ§§Qﬁt4¢@dgh$ fi pyotrasigmavhich projects

- 131 - t L 23 d f f
iﬁ;dﬁfgge p& r a%f@ng e IC ;ﬁghlP??%%§]€§“%ﬁfgfﬁ%f%2595 &ﬁgggigiﬁg to
i
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second magnetic f| conprises a step ng a magnetic film

(233) havi n@o&ttlliblrpk\ﬂﬁ&&xvﬁ ChadrBetakadry dipkedlapi thokasd ¢igisaove, and
pol i shing the magnetic
magnetic film at a position remote from said pole

portion.

forming a first shield gap film on said second
magnetic film at least at a portion near the air
bearing surface;

forming a magnetoresistive film on said first
shield gap film;

forming a second shield gap film on the
magnetoresistive film and first shield gap film;

forming a third magnetic film on said second
shield gap film at least at a portion which is opposed
to said magnetoresistive film via said second shield
gap £ilm;

forming a second insulating film on said third
magnetic film and second shield gap film;

forming first and second pairs of conductors, said
first pair of conductors being connected to respective
ends of said thin film coil through via holes formed
in said second insulating film and said second pair of
conductors being connected to respective ends of said

magnetore51st1ve film by means of via holes formed in
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film(233) until the surface of the gap film(22) is exposed.

IThis Sheet Has Been Replacec
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said second insulating film; and

forming first and second pairs of bonding pads on
said second insulating film, said first pair of
bonding pads being connected to said first pair of
conductors, said second pair of bonding pads being
connected to said second pair of conductors, and one
of said first pair of bonding pads being formed such
that a center of the relevant bonding pad situates
within a plane of a pattern defined by.;aid thin £ilm
coil.

85. The method according to claim 84, wherein after
selectively etching said metal film to expose the
surface of the pole portion of the first magnetic film
to form the groove, side walls of the groove are
etched to be inclined outwardly.

86. The method according to claim 84, wherein said
step of forming the second magnetic £ilm includes
forming the pole portion within said groove such that
a top surface of the pole portion is co-planar with
the surface of the gap film, and forming a magnetic
film on said co-planar surfaces of said pole portion
and gap film.

87. The method according to claim 86, wherein said
step of forming the pole portion of the second
magnetic film comprises a step of forming a magnetic
film having a thickness which is larger than a depth
of said groove, and polishing the magnetic film until

the surface of the gap film is exposed.
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