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Same BAEKGROUND CF "THE I NVENTION This invention relates to a

magnet o- re5|stance ‘ef f et ‘type thin- fil mnagnetic head for degg
“reproguced signals by the magneto-resisiance effect, which is suitable
for detecting reproduced signals by magneto- reSIStance ef fects.
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In a magnetic recording device, such as a hard disc device,
a higher recording density in magnetic recording is .desired for
increasing the recording capacity. Recently, a magneto4resistance
effect type thin-film mégnetic head (MR head), which is a
magnetic head suited for narrowing the track width for achieving
higher recording density, is becoming popular.

Basically, this MR head is comprised of an eléctrode 102
mdunfed on each end of a magneto-resistance effect film (MR film)
whose fesistivity is changed with the strength of the magnetic
field, as éhown in Fig.l1l. The sense current is supplied from both
end electrodes 102 to this MR film 101 for detecting changes in
resistance of the MR film 101 by the signal magnetic field frém
the magnetic recording medium for producing the playback output
based on such changes in resistance. Such MR head has a feature
that the playback output is not dependent on the running speed
of the recording medium such that a high playback output may be

realized even for a low running speed of the recording medium.



2 Meanwhile, the MRfilmis magnetically unstable such that the nagnetic
wall imthe MRfilmis noved by the external magnetic field. Thus the MR
head has a drawback that the Barkhausen noise is produced due to such
novement of the MR film It is thereforg a crucial task with the MR head to
secure magnetic stability of the MR fil'mto reduce the Barkhausen noi se.
Thus, for securing magnetic stability of the MRfilm a so- called

t wo- | ayer ed typetddrwigad ,hawnenra rdawblie- dygaeedcMi i LALbas1dealich that
devel oped. Wth the two-layered MR head, the first MR film 103,

non- magnet ithd nsagaet hg fwallh 104 ahd tMRe $étondsVRndvddn bS5 tdree éayermalt o
forma two-layer MR el enent 106, and the electrode 102 is nounted for
covering bataeraids of ighe.- tv'?vii”lqsayéhel\/R'llél deast 109, aasdsh‘ﬁb\#FRntlhla@ 2the
which is a crqoss-sectional view taken along line B-Bin Fig Wth the
two- | ayer . tRATFEHRLTRR Pelﬁéaﬂslwmcﬁﬁi ane squﬁagmanau%f tlhéyEB fiim.
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hi gh recor density, S necessary 10 reduce the
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head is reduced, the pl ayback ouf put | owered. On the other hand, such a
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| i near recording density, the coercivity Hc is large and the
has been developed. With the two-layered MR head, the first MR
film 103, non—magnetic insulating film 104 and the second MR film
105 are layered to form a two—-layer MR element 106, and the
electrode 102 is mounted for covering both ends of the two-layer
MR element 106, as shown in Fig.2, which is a cross-sectional
view taken along line B-B in Fig.l. With the two-layer type
magnetic head in which the MR film has a dual layer structure,
the first MR film 103 ‘and the second MR film 105 become
magnetically stable under the magneto-static coupling between
these first and second MR film, thus reducing the Barkhausen
noise.
For achieving a high recording density, it is necessary to
reduce the gap width for improving linear recoréing density.
However, if the magnetic gap of the'MR head is reduced, the
playback oﬁtput is lowered. On the other hand, such a magnetic
recording medium is 5ecoming popular, in which, for improving

linear recording density, the coercivity Hc is large and the
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3 residual magnetic flux density Br is small. However, with the magnetic
recordi hig nmedi um having the small residual magnetic flux density Br, the
signal magnetic field fromthe magnetic recordi ng nedi um becones small. In
this consideration, a higher playback tput is required of the MR head.

For increasing the playback output of the MR head, it suffices to further
reduce the filmthickness of the MRfilm That is, by reducing the film
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appr oxi mat deysdoptBe, tthat sognbhenagneglie faged Mymithe miguetit becor®ing
difficult with the conventional two-layered MR head to realize a high

pl ayback owmegaum becbmebhessahpl e-1 ayer MR head, constituted by the single-
layer MR film the MR filmcan be reduced in filmthickness, so that a high
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hence the noise Is reduced.
current density of the sense current flowing in the MR film is

raised, thus improving the playback output of the MR head.

However, with the above—-described two—-layered MR head, the
total film thickness of the MR films contributing to the playback
output becomes approximately double that of the single layer MR
film. Thus it becomes difficult with the conventional two-layered
MR head to realize a high playback output.

With thé single—-layer MR head, constituted by the single-
-‘layer MR film, the MR film can be reduced in film thickness, so
that a high playback output can be realized. However, there is
also a pfoblem that the noise tends to be produced because of
‘poor hagnetic st#bility of the MR film. On the other hand, with
the two—layered MR head having a two—-layered MR film, the total
film thickness of the MR films contributing to the playback
output is increased, suéh that a high playback output cannot be
achieved, even although the MR film is superior in magnetic

stability and hence the noise is reduced. That is, with the



4 conventional MR head, it has been difficult to achieve both the inproved
magneti«c stability of the MR filmand hi gh playback output sinultaneously.
SUMVARY OF THE INVENTION It is therefore an object of the present invention
to provide a thin filmnmagnetic head sHperior in magnetic stability of the
MR filmand which is capable of achieving a high playback output, and a
nmet hod for producing the magnetic head. In one aspect, the present

i nvention peaovveesi@nd hiMR fidam,nEgnétisc beeaddifi€¢h adi ngt @ daoboi-dvaey dogdh the
magnet o-resi stance effect el enent nmade up of a first nagneto-resistance

ef fect fil nimprovedcedaehbgnetabibityt adcethef IRt FInnrad SiBdt AlryRRick
the sane width as the first nmagneto-resistance effect film layered with a
non- magnet i @UEPRYI S PHEEEREHS I bet ween, a non-magnetic insul ating | ayer

arranged on | ater i de e two-| ayered. magnet o-resi stance effect

el enent, anﬁagngéfrgéf?%fe%ﬁQQﬁiig rranged on both ends of the upper
surface of the tywp-l.aye et g-resi.stance. e ct e t. onnecgt ed
to the second nagﬁef%-rgggg%ance g?fé%fJ%%% ﬁ?fT%é%pl%ﬁgﬁﬁ: sfggg?gfgﬁ %o

detected by,1he; sRADGHO @Shst ABERe & afda Pls e 132 QR InABYOEL O-J 18315 dpce
effect film In another aspect, the present invention provides a nethod for

produci ng aothitle MR Ne iMag @Rk ¢hhendi Haydgib Be WO aldy @k edgNBANRID YIRS LSlaNCe
effect el enent made up of a first nagneto-
output, and a method for producing the magnetic head.
In one aspect, the present invention provides a thin-film
magnetic head including a two-layeféd magneto—resistance effect
element made up of a first magneto-resistance effect film and a
second magneto—resistance effect film of substantialiy the same
width as the first magneto—resisténce effect film, layered with
a non—magnetic insulating film in—betWeen; a non—magnetic
insulating layer arraﬁged on a lateral side of the two—layered
magneto—-resistance effeét element, and a pair of electrodes
arranged on both ends of the upper surface of the two-layered
ﬁagneto—resistance effect element and conﬁected to the second
magneto—-resistance effect film. The playback signal is detected
by the magneto—-resistance effect of the second magneto~resistance
effect film.
In another aspect, the present invention provides a method
for producing a thin-film magnetic head having a two-layered
magneté—resistance effect element made up of a first magneto-

resistance effect film and a second magneto—resistance effect



- resistance effect filmand a second nmagneto-resi stance effect 5 film

| ayered~t oget her, wherein the playback signhals are detected by the

magnet o-resi stance effect of the second magneto-resistance effect film The
nmet hod includes the steps of |layering the first magneto-resistance effect
filmand the second nagneto-resistanceseffect filmin this sequence to form
a two-1ayered magneto- resistance effect film and formng a protective

layer on thej inoayaeiedopranet-0-wksisiAnGR shhgehck l;[f%nipé 0,00 o2 tRARe
magnetic insulating |ayer for overlying the resist, protective |layer an
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resist along with the non-magnetic insulating |layer fornmed on the resist,
renovi ng t hef frot ddtlince Thaymset bod biotdil wieds tdfe shepswof | basereihg the first
magnet o-resi stance effect el enent by etching for exposing the two-|ayered
magnet o- r E8FERSRET L@ phfeahdf § br mntythepageond mAgnsttioodes istrneet ed
to the seconﬁg ngt -resi stance effect filmon both ends of the
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present invention provigdes a hod for_producing a thip-film magnetic_ head
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and wherein the nethod includes the steps

layer and the two-layered magneto-resistance effect element,
peeling and removing the resist along with the non-magnetic
insulating layer formed on the resist,_remoQing the prqtective
layer on both ends of the two—layered magneto-resistance effect
element by etching lfor exposing the two-layered magneto;
resisfance effect film, and forming a pair of electrodes
connected to'the second magneto-—resistance effect film on both

ends of the two-layered magneto-resistance effect element.
In still another aspect, the present invention provides a
~method for producing a thin-film magnetic héad having a two-
layered magﬁeto—resistance effect element made up of a first
magneto-resistance effect film and a second magneto-resistance
effect film layéred together, wherein the playback signals are
detected by the magneto-resistance effect of the second magneto-
resistance effect film, and wherein the method includes the steps

of layering the first magneto-resistance effect film and the

second magneto-resistance effect film in this sequence to form



of layering the first magneto-resistance effect filmand the second

magnet o-resi stance effect filmin this sequence to form 6 a two-1|ayered
magnet o-resi stance effect film and formng a protective |ayer on the

t wo- l.ayered magneto-resi stance effect gilm etching the two-1ayered

magnet o-resi stance effect filmand the protective layer to a pre-set shape
to forma two-|ayered nmagneto-resi stance effect elenent of a pre-set shape
havi ng a proteed+Vveyé seer mhghaed-+ael €odncd orffBgta Mdm, megnet ife rmisgl at i ng
| ayer for covering the protective |layer and the two- |ayered

magnet o- r epirsttegtd vef flagterelanetie fwonl ae cedonagmeghet res i stancet i affdctyer
for covering the protective |ayer and the two- |ayered nagneto-resistance
ef fect el efédf@®, ega’ﬂm@ the dsiostl ags redemadne heghet § ttanruedtiesd fayBranthd
subsequent |y reduci ng step differences on the surface of the non-pagnetjc
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the two-I| ayered_ naqgnet.g-resistance effect elenent for exposing said second
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second magneto-resistance effect Ti In yet’ anot her “aspect, the present
invention pU1d8Sng TRYBEdsber cHvOFLeE Nth& g dddilve magest bed hersl had ng

a two- | ayered magnet o-resi stance effect el ement nade up of a first :
magnet o- r ey teareeemeghetd—féd 18 @it A eFE€6 000 IAGIAL 0f 6 £8115 @Nén—magnetic
' insulating layer for covering the protective layer and the two-
layered magneto-resistance effeé¢t element, coating a resist on
.the non—-magnetic insulating layer and subsequently reducing step
differences on the surface of the non—magnetic insuldting layer
by etchback, removing the pfotective layer on both ends of the
two-layéred magneto-resistance effect element for exposing said
second magneto-resistance effect layer, and forming a pair of
electrodes connécted on both ends of the two—-layered magneto-—
resistance effect element to the second magneto-resistance effect

film.

In yet another aspect, the present invention provides a
-method for producing a thin-film magnetic head having a two-—
layered magneto—résistance effect element made up of a first
magneto—-resistance effect film and a second magneto-resistance
effect film layered together, wheréin the playback signals are
detected by the magneto-resistance effect of the second magneto-

resistance effect film, and wherein the method includes.the steps



effect filmlayered together, wherein the playback signals are detected by
t he ‘magnet o-resi stance effect of the second nagneto- resistance effect
film and wherein the nmethod includesthe steps 7 of layering the first
magnet o-resi stance effect filmand the:second magneto-resi-stance effect
filmin this sequence to forma tmo-layered magnet o-resi stance effect film
and formng a protective | ayer on the two-|ayered magnet o-resi stance effect

fil h ) : ff | g
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| ayer forned thereon, formng a non-nagnetic insulating |ayer for covering

the protec4i \te:d—asaerererad hdlend 8- d AYET AL STRENLEOL T 2SN RL anGRI etbeling a
el enent, polishing the surface of the non-magnetic insulating |ayer

for reducpngtestipedibyerepacs Heortwediniargd hea giap-didsfiatances et eichte
surface of the non-magnetic insulating |layer, renoving the protective |ayer
on both en@$lof etnhing-theyéwedlangned onasrss wiarod sdianget eéferbnti by and
etching for exposing the second magneto-resistance effect film and formng
a pair of EPECPF86§§téBHnéé{>’éd te thePTeeded Tha@fett® rieimstancw deveaed i | m

on both ends of the two-1a ere O-resi stance effe | enent. Wth the
Chinet i1 m BABREEPCTRELGE RO nE? BPECaRt SPROBNOF o RRG SFir SH0R, PEVATERG: ( he

second MR il @egﬂf e '1Q§ gveqo megagrﬁ{[elrceosr{[,abltjozl in under tr?oen -magnetic
magnet o- st REPETE6upri ng=of t he first

insulating layer for covering the protective layer and the two-
layered.magneto—fesistance effect element, polishing the surface
ef the non—magnetic insulating layer for reducing step
differences for reducing the step differences on the surface of
the non—magnetic insulating layer, removing the protective layer
on both ends of the two—layered magneto—resistance effect element
by etching for exposing the second magneto—-resistance effect
film, and forming a pair of electrodes connected to the second
magneto-resistance effect film on both ends of the two-layered
" magneto-resistance effect element.

With the thin-film magnetic head of the present invention,
the first MR-film and the second MR film may be improved in
magnetic stability under the magneto-static coupling of the first
and second MR films. In addition, with the present thin-film
magnetic head, the electrode is connected only to the second MR
film, and only the seeend MR film operates as the magnetically

sensitive portion of the MR head, so that film thickness of the



and second MR films. In addition, with the present thin-filmmagnetic head,
the eleetrode is connected only to the second MR film and only the second
MR filmoperates as the nagnetically sensitive portion of the MR head, so
that tilmthickness of the 8 second MR filmalone represents the film

t hi ckness contributing to the playbackabutput. Therefore, with the present
thin-filmmagnetic head, the filmthickness of the MR filmcontributing to
t he pl aybaskcond MR fEm kel gredueete sasi tisnthbef ¢ s et of cithes siquglteri buayiag VR
head constituted by the single-layer MRfilm Simlarly, with the nethod
for productogthet pilaybrcn vagpeti c Thead faceor diitg ttdet e gseaserithinmfddm on,
the first MRfilmand the second MR filmnmay be inproved in nmagnetic
stability uageetifchendndihe fidm ehiokpeshebrthendRr fidn ‘éth‘tltI‘s‘&’d‘b‘n‘d‘gl\/lﬁ0
films. In additjon, with the thin-filmmagnetic head produced by the
produci ng FBEHRIEYRARK QuddutoBaYiRe dhfia%ed 25niy &8 tcﬁéeSBgpogl\?Finﬁllerﬁ
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out put may be reduced, as in the case of the single-layer MR head
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producing the thin-film
under the magneto-static coupling of 'the first and second MR
films. In addition, with the thin-film magnetic head produced
by the producing method, the electrode is connected only to the
second MR film, and only the second MR film operates_as the
magnetically sensitive portioq of the MR head, so that film
thickness of the second MR film alone represents the film
thickness contributing to the playback output. Therefore, with
the thin-film magnetic head, produced by the present method, the
film thickness of the MR film contributing to the playback output
may be reduced, as in the case of the single-layer MR head
constituted by the single-layer MR film.

Furthermore, with he method for producing the thin-film
magnetic head according to the present invention, since the two-
layered MR film and the protective film are first formed and
subsequently a two-layered MR element of a pre—set shape having
a protective iayer formed on it§ surface is formed by etching,

the second MR film can be made to register with the first MR



magneti c head according to the present invention, since the two- |ayered MR
filmaned the protective filmare first formed and subsequently a

two-1 ayered MR el enment of a pre-set shape having a protective |ayer forned
on its surface is formed by etching, the second MR filmcan be nmade to
register with the first MR 9 el ement? Specifically, with the nethod for
producing the thin- filmnmagnetic head of the present invention, a

two- | ayer ed IMRekenspecipivhich, t hethi eat MRehbhMof bReasam®s shaper gt he
second MR elenent is arranged directly below the second MR elenent, with a

non- magnet ifd lmnsalgateitig [heepelr dm-tted wesss erctani e irared £aswdyl ay¥tdu tNre
thin-fil mmagnetic head according to the present invention, since the
magnet o- st &lie@eadudni nhich ptieluéédsbetMBecii itheof | tBe apdesstopd MR filiars,
the magnetic state between the first and second MR filns is stabilized.

The film tFieCRREsMRoRLEPBOELI g t BTTRREPL afiiacR tdMt RRlavantbe segeodd MR in
t he case of .a singl e-.% yer magneti ¢ head constituted by a_single-layer M
film ther &8y &4 Yt S 3 MYPEFRRHISc RSUE FOE 8 THRES T HE DR tHErR: nFRRGMRL i C
head accor ding ti0LR§present invention is of |ow noise and high playback
out put, whil'e being capable of realizing i nproved magnetic stability of the

MR films and inm%,s%ﬂeplt@xha@lgmunlagaeé"Mggaeggéwdi#ﬂ EF Q%SC@E%%Q\' OF

THE DRAWNGS Fig.1 is a schematic view showmng a basic structure
invention, since the magneto—static coupling is produced between

the first and second MR films, the magnetic state between the
first and second MR filmé is stabilized. The film thickness
qontributing to- the playback output can be reduced as in the case
of a sihgle—layer magnetic head constituted by a single-layer MR
filmf thereby realizing a high playback output.

Thus the thin-film magnetic head according to the present
invenﬁion is of low noise and high playback output, while being
capable of realizing improved magnetic stability of the MR films
and increasedlplayback output simultaneously.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a schematic view showing a basic structure of an
MR head.

Fig.2 is a cross-sectional view of MR films of a
conventional two-layer magnetic head.

Fig.3 is a schematic transverse cross—sectional view showing
an embodiment of a two-—-layer MR head acpording to an embodiment

of the present invgntion.



MR head. Fig.2 is a cross-sectional view of M film of a

convent Fonal two-layer nmagnetic head. Fig.3 is a schematic transverse

" cross-sectional view showi ng an enbodi mrent of a two-layer MR head according
to an.enbodi ment of the present inventian. 10 Fig.4 is a schematic

front view show ng the two-layer magnetic head of Fig.3, |ooking fromthe
surface thereof on which slides a nmagnetic recording nedium Figs.5 to 14

illustrate the predyctiisona pseaemnst9é trhenkworidwdyehiowhdhead nehoywb+nayeg. 3,
wherein Fig.5 is a transverse cross-sectional view show ng a step of
formng a magaetdaphéayerf FEgg36 isoking arovetBe suofsesddtarendl ovivwvich
showing a step of formng a two-layered MR filmand a protective | ayer.
Fig.7 is sdidesogssmggoetonarecpedspectediumyi ew showi ng essenti al
portions for illustrating a step of formng a photoresist |ayer of a
pre-set shape. Fiigs85i §0alerbkhusietatoridie paosyedtionrePvPedrs shodi e tiee—
state in which the protective layer_and the two-layered MR film have been

etched. Fi d.aysts bﬁl c}_t‘%%‘_é- §BB‘(’F_0H&I %ie%s‘q'pec‘_t’?‘\e/’éew e §hdwitfig & h'ér_'%rfse‘be o]
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non- magnetic in%%%@%iﬁg a transverse cross-—sectional view showing a Step
of forming a two—layered MR film and a protective layer.

Fig.7 1is a cross—sectional ©perspective view showing
essential portions for illustrating a step of forming a
photoresist layer of a pre—set shape.

Fig.8 ié a cross—sectional perspective view showing the
state in which the protective layer and the two-layered MR film
have been etched.

Fig.9 is a cross—sectional perspective view showing the step
of forming a noh—magnetic insulating layer.

Fig.1l0 is a cross-sectional perspective view showing the
state in which the photoresist and the non-magnetic insulating
layer on the photoresist have been removed.

Fig.ll is a transverse cross—sectional view showing the
state in which the photoresist and the non—magnetic insulating
layer on the photoresist have been removed.

Fig.12 is a schematic transverse cross—sectional view
illustrating the step of forming a non-magnetic insulating layer

and an opening.



| ayer on the photoresist have been renoved. Fig.11 is a transverse
cross-sectional view show ng the state in which the photoresist and the
non- magneti c insulating | ayer on the photoresi st have been renoved. Fig. 12
is.a schematic transverse cross-sectioq_l view illustrating the step of
form ng a non-nmagnetic insulating | ayer and an openi ng. Fig.13 is a
transverse cross-sectional view showing the step of form ng a conductor

| ayer for the sdfise lunseattrag@véucleOtrbayeseé 0fotde ViiedSs Bo I eftt @Nd tap
non-magnetic insulating layer. Fig.14 is a'transverse cross-sectional view
showi ng t heo 5t &prwing o nfagdunteppéaygapfbaybheasdnar eppeenshi eodduayer.
Fig.15 illustrates another production process of a two-layer MR head shown
in Fig.3, af¥fsyIied theedinfecyraenti anghe chorrPrgne iy igtsivd aitiogl deveg -

| ayer has been fprnq%:on the | ower gap layer, two-layered MR el ement and
the protective I'ayer” Ffg* 16 aNVESSFarEess—seehl prat isM Pt g Hdess&pp
shown in Fige. i state,in which a_photoresj st s been forned
on a non- na(gfné%%ﬁ{{%gu%}gt%pﬁ%rl 2 e f?gi PPuBPPET e8P LS %‘S]Z]payrfe&'t
following the stgef,: ' i S state in which the

non- magnet i c in;ﬁﬁaf?ﬁgqﬂgsgfhﬂg%igéen pIgggbpggggﬁfgéfbSFbggf%%EPg}T§er

i 11 ustrat esMr Helakit BRbWAT DElUCHd ), RMACE$Sust rhbes toMy shayer ed R Jipad,ghown

in Fig.3, in which the non-nmagnetic insulating |ayer has been fornmed on the
two- | ayer edndfh et sngnisulating layer has been formed on the lower gap layer,
two—-layered MR element and the protective layer.

.Fig.16 illustrates a step next following the step shown in
Fig.15, showing the state in which a photoresist has been formed
on a non—magnetic insulating layer.

Fig.17 illustrates a step next following the step shown in
Fig.15, showing the state in which the noﬁ—magnetic insulating
layer has been planarized by etch-back.

Fig.18 illustrates a fufther production process of the two-
layered MR head 'shown in Fig.a, in .which the non—magnetic
insulating laygr has been formed on the two-—layered MR element
and the protective layer.

Fig.19 is a schematic front view showing the step next to'
the step shown in Fig.18 and showing the state in which the non-
magnetic insulating layer ha; been planarized by surface
polishing.

Fig.20 is a graph showing the results of measurements of the

magneto—resisténce effect of the second MR film with the ratio



and the protective layer. Fig.19 is a schematic front view showi ng the step
next to-the step shown in Fig.18 and showi ng the state in which the non-
magnetic insulating | ayer has been planarized by surface polishing. Fig.20
is a graph showing the results of neas enents of the magneto-resistance
effect of the second MRfilmwth the r 12 of the filmthickness of
the second MRfilmto the filmthickness of the first MR filmbeing set to

1: 0. 50. Fi gf2dné SfiAngrankkskew 8¢ the Jerould 8ROf i Measutaeeni bm afhitdkmess
magnet o-resi stance effect of the second MRfilmwth the ratio of the film
t hi ckness off the fécohdMRRfiilhnbé¢ng heetf itanit:Wi.Gl0ness of the first MR film
being set to 1:0.75. Fig.22 is a graph show ng the results of neasurenents
of the magnet o- Fégi-3lahe e &rppbtshvwine tdecsngu s 19 me\mwﬁetnﬁetﬁaqﬁ & b
the filmthickness of the second MR filmto the filmthjckness the first

MR film bemgngép—f88181anr=ﬁge§§e?*s af gt B s St n’&' thie' é’ékﬁ‘}st ratio
t f t ff th
tho ratio 6F ER® 11T oHhdeass 0t “%zsegc@gaigam & E0% hi P T ness
of the fir§§ yﬁefkigEthﬁg §§h $9; ds 1s ZP- t#1§5 TICN OF THE PREFERRED
Refe ﬁe

EMBCDI MENTS rring to the draw ngs, prefe enbodl ments of the present
invention wll lpggexpl ginedrlaphdehiing lthd $e5Q108 MPRGsurements of the

magneto?resistance effect of the second MR film with the ratio
of thé film thickness of the second MR film to the film thickness
of the first MR film being set to 1:1.

Fig.23 is a graph showing the results of measurements of the
magneto-resistance effect of'the second MR f{lm with the ratio
of the film thickness of the seéond.MR film to the film thickness
-of tﬁe first MR film being set to 1:1.25. .

DESCRIPTION OF THE PREFERRED. EMBODIMENTS

Referring to the drawings, preferred emboaiments of the
present invention will be explained in detail. It is to be noted
that the present invention is not limited to the embodiments now
explained and may be modified in shape or material type without
departing from the scope of the invention.

Referring to Fig.3, the present thin-film magnetic head is
a fwo—layered MR head having a two—-layered MR element, and
includes a lower—layer shield 1, a lower gap layer 2 formed
thereon and a two-layered MR element 3 and a non—-magnetic

insulating layer 4 formed on the lower gap layer 2. The thin-film



that the present invention is not [imted to the enbodi nents now expl ai ned
and may- be nodified in shape or material type w thout departing fromthe
scope of the invention. Referring to Fig.3, the present thin-filmmagnetic
head is a two-layered MR head having a,f{wo-layered MR el enent, and includes
a lower-layer shield 1, a lower gap |layer 2 forned thereon and a

two-l ayered MR el enent 3 and a non-nagnetic insulating |ayer 4 fornmed on

the | ower gagnkdyer wbadlhgitbi nufdiudles &3 pFBgBBLEiGe heddral 50 forAludas a
protective layer 5 formed on portions of the two-layered MR el enent 3

ot her thanpbtrsibaswaf dtleedtBe— bayke reaedrMRerd e3tpntardd odaheondbehok t § aferwd o
the sense current 6 forned on the non-nmagnetic insulating |ayer 4 fromthe
rear end 3ngf 3ehendwreéayeead NR.elamkne gosdugtorolp¥ecorfivactidtt t eensre
forward end 3a of the two-layered MR elenent 3, The thin- filmmagnetic
head furt hér‘”lrﬁéftuﬁeg"%‘“%rﬁ%ﬁ@ﬁeppé“ﬂlﬁgﬂﬁéﬁan“‘l“a]y%'ﬁ'1“78 flgiegd 40T Mt he

t I d \R el nd h t f th t 6
and a condiEed: erﬁﬁ' oFBnE BT AV e ol oot rnai-h% ﬁ%ﬂgﬁaé%é{ée
| nsul ating LaYRL £o0d0Fa ORI 194 0G LRE LUB=L grs&'@éﬁ

t hi n- f|In1nagnet|c So 1 nclu an up r-gap ayer orneﬁ fron1the

forward eng;3 qfa;mec iaidedl Y el fUPMe RVRENLAELROR:c TRABELALing

i nsul ating | ayer so as to be connected to the forward end 3a of
two- | ayer ed a3 rel ENMERrmddansh abhpRefo-1ayRirezhitgt delembatmed @Aat e upper

gap |l ayer 9.
conductor layer for the sense current 6 and a conductor layer for
the bias éurrent 8, formed in the non—-magnetic insulating layer
7, for overlying the two-—-layered MR élement 3. The thin-film
'magnetic head also includes an upper gap laygr 9 formed from the
forward end 3a of the two—-layered MR element 3 over the non-
magnetic insulating layer 7 so as to be connected to the forward
end 3a of the two-layered MR element 3 and an upper layer shield
10 formed on the upper gap layer 9. _

In the above two—-layer MR head, fhe lower layer shield 1 and
the upper layer shield 10 are formed of a magnetic material,
while the lower gap layer 2 and the upper gap layer 9 are formed
of a non—magnetic. insulatiﬁg material and an eleétrically.
conduétive non—magnetic méteriél, respectively. The lower layer
1, upper layer shield.lo, lower gap layer 2 and the upper gap
layer 9 operate so that the signal magnetic field from the
.magnetic recording medium other than the signal magnetic field

" to be reproduced will not be seized by the two—layered MR element



In the above two-layer MR head, the | ower |layer shield 1 and the upper

| ayer shield 10 are fornmed of a magnetic material, while the | ower gap

| ayer 2 and the upper gap layer 9 are formed of a non-nagnetic insulating
materjal and an. electrically conduct+ye non- magnetic material,
respectively. The |lower layer 1, upper Tayer shield 10, |lower gap |ayer 2
and the upper gap |layer 9 operate so that the signal nmagnetic field from
the nmagnets c rmoy dis\g sidieumnet hewetrhaaythessi gnal1l maghethiec uppelrdlapebe
reproduced will not be-seized by the two-1layered MR el enent 14 3. That
is, since shieldwdr arayerrshidl @bdvarthd Ive loppéhel tyerlatd rddd MROedement
arrayed above and bel ow the two-layered MR elenent 3 via the |ower gap

| ayer 2 and e thspdevwgapespnykayer % gadstBnUPRARSeri (27 EBIY PGSt BRal
magneti c recordi ng medi um ot her than the signal nagnetic field to be

r epr oduced®®&nebibpl i it d & rofe thewRR BRSNS "EToddd nE BARY YR U ert?‘lagyépe
shield 10 sp that only the,, tic field to be reproduced i.s iz t he
t wo- | ayer efi* FR &I WAL S f‘l‘%g%ggtﬁd%@t 5Fplr8§;8Fe§of'st%ueppselnesde t(?u?cr%eent?ggggnd

t he upper a are pai e e npeched,t t hpehd f

t he tmo-la?%?%g %ﬁng%n%n?gg ghé g%@?%tg%?g? §3§gﬂ§igg gﬁngggsgnggr?Q%t to

the MR el egRpheic THd1d Sto e dedidadreied sMReeLenesy thdhasvd-inyeean BRA 3D
el ectrically connected to the conductor |ayer for the sense current 6,

whi | e havi pgentstf®rward end 3a electrically connected to the upper gap
| ayer 9. When the signal
The conductor layer for the sense current 6 and the upper
gap layer 9 are a pair of electrodes connected to both ends of
the two-layered MR element 3 and operate for supplying the sense
current to the MR element 3. Thét is, the two-layered MR element
3 has its rear end 3b-eléctrically connected to the conductor
layer for the sense current 6, while having its forward end 3a
electricaliy'connected to thé upper gap ldyer 8. When the signgl
magnetic field is detected from the magnetic recording medium,
the sense current is thereby supplied to the two-layered MR
element 3. The two—layered MR element 3 has first and second MR
films and the sense current is supplied only to the upper layer
MR film, that is the second MR film.
The conductor layer for the bias current 8, formed in the
non—magnetic insulating layer 7 for overlying the two—-layered MR
element 3, is used for applying a bias magnetic field to the two-—

layered MR element 3. That is, when detecting the signal magnetic

field from the magnetic recording medium, the current is caused



magnetic field is detected fromthe magnetic recordi ng nedium the sense
current«is thereby supplied to the two-1layered MR el enent 3. The
two-1ayered MR el ement 3 has first and second MR filns and the sense
current is supplied only to the upper Iayer MR film that is the second MR
film The conductor |ayer for .the biasl€urrent 8, formed in the
non-magnetic insulating |ayer 7 for overlying the two-|ayered MR el enent 3,

i s used foroagpbyi mgrauBhagnengsatietbrehdyte the tMO-vlayeses MR & efpnt
3. That is, when detecting the signal magnetic field fromthe magnetic

recordi ng medilonngt htheubriest magmoaused field5 darddsomthér augh-1ae reandurct or
| ayer for the bias current 8 for applying the bias nagnetic field across

t he two-| apdrd@niR3eferepachierbngaehheghey matneterramgiencer efifscance
effect. Fig.4 shaows the two-| ayered MR head fromthe side of the surface

t hereof on whi cf 8- fdé&oMse tr‘?‘&grfé“toi claiyé‘(?&ddl% heedt Ufromast ishovirispyo far Fleay A
in Fig.3. quf %h%“%rgggt t he tmg g §F MR el ement 3 is made up of a
first MR filTh35° & R8RhagRetPdCPndit Fn@hFa?éﬁngﬁlﬁfrf%?FTln%nﬂe%F§%cond
MR fil 37,sl d r [ 3

Lyl ng i FcT bl ook, grQE FWIOE TiF NF £F e e?eg%y ST Ie

underlying film31 and an Ni rF] fi orne

t he second MR efliehdn37 3i S TBFRIdIRPTH A Jafypgi@rwlﬁgnﬁlw 32 ﬁB‘H M%m%ﬁlc

filmof [err] film36 formed thereon. Wth such MR el enent si nc
first MR fiilnsuaad ingelagesnsk ME fA1l,0) aad ar BedoRk mmeflslmvrmtlapb@&a in

magneti c properties of both the
this order. The first MR film 33 is made up of a Ta underlying
film 31 and an NiFe film of NiSO/FeéO film 32 formed thereon,
while the second MR film 37 is made up of a Ta underlying film
35 and an' NiFe film of Ni80/Fe20 film 36 formed thereon. With
such MR element 3, since the first MR film and the second MR film
are formed of the same material, magnetic properties of both the
first and second MR films 33, 37 can be controlled equivalently.
With such two—-layered MR element, the resistivity of
approximately 25 uQcm and the rate of change of resistivity of
Ap/p of approximately 2.5% can be achieved for the second MR film
37, which is the MR film contributing to the playback output.
As for the relation of the film thicknesses of the first and
second MR films 33, 37, the film thickness of the first MR film
33 is preferably larger than that”of the second MR film 37 since
then the second magnetic film 37 is improved in magnetic
stability. This is however not necessary and the first and second

MR films 33, 37 may be of the same film thickness or the first



first and second MR filnms 33, 37 can be controlled equivalently. Wth

such two-layered MR el enent, t he resistivity of approximately 25
[err] and the rate of change of resistivity of Ap/p of approximately 2.5%
can be achieved for the second MR filmg7, which is the MR film
contributing to the playback output. AS for the relation of the film

t hi cknesses of the first and second MR filnms 33, 37, the filmthickness of
the first MR fili 88 hsypoef ehabher | 86 geii dihdds 4 iHaroft Hh & esRG@NBRMR iflinl M
37 since then the second magnetic film37 is inproved in nmagnetic
stability.3This is however not necessary and the first and second MR fil ns

33, 37 may be of the sane filmthickness or the first 16 MR film 33 nay
be thinner in thickhesswohdayehed doneivRY i3.mi3R undehly ingo-flidper 8d . VR
element 3, the underlying filnms 31, 35 of Ta are used for inproving surface

r oughness. Bwbr%%u%lmguwthfqrnd@mrwﬁga ayéfgcslrown?ft% YorRFS VIS Sigb| e

to inprove the su ce, royghness_bef.o e formng the N filng 32, 3
oot vt o BRI SRGe RYE R 3 P ey ré PPt e S0 b iy ¢h WPer%VreeS‘@ﬁt

tvo- | ayer ed, VB, el eren) gh%ess o ESPI MR LML, R5pd NG YRRCTo R L1 T,

functions. 38" a nagnetl sensitive por Ion e magnheti i's fed

with the S?H??o@%éeﬂ& é‘§1!:31§19<5pé93%01é9é ed-c i il QLRGE Béndaethe first MR
film33, as | ower ﬁR I's magneto-statically coupled with the
second MR film @?tﬁomheoatr@sbutl RYot-0alEPE@VAH EBRGREHLC 35t Al isleyodla tMRe
film'37, ds the upper MR film, functions as a magnetic sensitive
portion of the magnetic head, and is fed with the sense current,
as later explained. On the other hand, the first MR film 33, as
the lower MR film, is magneto—étatically coupled with the second
MR film 37 for contributing to improved magnetic stability of the
second MR film 37 functioning as a magnetically sensitive
portion.
If suffices if thé first MR film 33 and the second MR film
37 of the two—-layered type MR element 3 are formed of a magnetic
material exhibiting a magneto—resistance effect. Thus, these
films may be formed of a material other than NiFe, or may be
formed by plural thin films layered together.
If suffices if the non—magnetic insulafing film 34, arranged
between the first MR film 33 and the second MR element 37, is
formed of an electrically insulating non—-magnetic matefial. Thus

the non-magnetic insulating film 34 may be formed of a material

other than Al,04. Although a thinner thickness of the non-



second MR film 37 functioning as a magnetically sensitive portion. If
suffices if the first MRfilm33 and the second MR film 37 of the,
two-l-ayered type MR elenent 3 are fornmed of a magnetic material exhibiting
a magnet o-resi stance effect. Thus, these filns may be fornmed of a
material other than N Fe, or may be f ottfed by plural thin filns |ayered
together. If suffices if the non-magnetic insulating film 34, arranged

bet ween t henddresti VR iU 1at3%hand: thes Se£ongde MR- £b £8efd r 32ealiSi £07 PRI Rhpan
el ectrically insulating non-magnetic material. Thus the non-nagnetic

i nsul at i ng Wwidth,34heayobembgneedcoinaubat engaki b h®s ddwais [ter bk. notAlbhough
a thinner thickness of the non- 17 magnetic insulating film34 is

desi rabl e figrar eppiondmee lyapOwnat b i biei mofe megheifi,c fors elkanpig, f AL, 34
needs to be not |less than approximately 10 nmif it is fornmed of, for

exanpl e, [et¥ce dihged irré PPF‘sﬁeaﬁHds@goﬁélw 331 &7 3@ed3tonded ihsubeated
insul ated fromthe non-magnetic insulating film On both sides of the

t wo- | ayer ed 142 €1 %nﬂﬂ???%%ﬂ?téFréﬁééaaﬁdﬁgnﬁgﬁ@tic insul ating |ayers 4, as

on- magnet i ¢ | nSll Shy S FR 9. CRe PYSHTaYRFrEdTh feon AubrPaper BRERR
el ement 3 b, Gidftdlc a8 TRLGLAE FUREHLONL | QsSlhdlAg;peRhar pance sipce, it
is exposed on the surface of the head surfdce on which sﬁlges’tﬁe magneti c
head. For extanptwo-bagdrd@t BRI &l12m@%tA1203s buried in this nor'l-magnetic'
| insulating film 34. It is preferred that the two-layered MR
element 3 be formed of a material superior in sliding performance
since it is exposed on thé surface of the head surface on which
slides the magnetic headi For example, such materials as Alf%,
$i0, or SiN, (e.g., Siﬁ%) are preferred.
On both ends of the upper surface of the two—layered MR
element 3, the second MR film 37 is connected to the conductor.
That is, the upper surface of fhe second MR film 37 and the upper
gap layer 9 are electrically connecfed at the forward end 3a of
the two-layered MR element 3,-as shown in Figs.3 and 4, while the
upper surface of the second MR film 37 is electrically connected
with the conductor layer for the sense current 6 at the rear end
3b thereof, as shown in Fig.3. Since the first MR film 33 has
its lateral side and its upper surface insulated respectively by

the non-magnetic insulating layer 4 and by the non—-magnetic

insulating film 34, no sense current flows through the first MR

element 33.



[err] or [err] (e.qg., [err]) are preferred. On both ends of the upper
surface- of the two-layered MR elenent 3, the second MR film 37 is connected
to the conductor. That is, the upper surface of the second MR film 37 and

t he upper gap layer 9 are electri callylgonnect ed at the forward end 3a of
the two-layered MR elenent 3, as shown™i'n Figs.3 and 4, while the upper
surface of the second MR film37 is electrically connected with the
conductor |ayer for the sense curre at, the rear 3 her, a
shown in Fig. 3. *%&ft%e tth?éslfain§tedN&s{f ?IefandBBe sobf’tns_gelma ee_:%a{o glaggfrg%dﬁr”ts
upper surf apgnl 06\ 880 JCRRERLLYEL Yo DYc LR ANATIANSEbGud A8 Weihichas kauer 4
and by the non-magnetic insufating T1Ilm34, 'no sense current flows through

the first MRgtepmrnts 3G 33 dWiket Recbwa- MRyer eth MB7heathgneri-eyhangct he
two-| ayered MR el enent 3, since nagneto-static coupling is produced between

~the first MRabil tB3oanthd hei secaml MR idanahld tmRyseiconst MR € ishabll ity of
the first MRfilm33 and.the second MR film 37 is inproved, thus reducing
t he Bar khauspnovedsethis melthdiran,the tBerkeuseasentsewo- | ayered MR head,
the sense current is supplied only to the second MR film 37, which thus
operates as a nbgresdiddidn. wéhbi the @ngsentopwoTheyeref &R Rpef. tHe Seasent
two-l ayered MR head, the filmthickness of the MR film co%gri Qle_l‘t.i ggtrho t he
pl ayback oGEBHEREsI®NPYPPREEE| PRIV hitRKhBEs S6FOPAe MBeddnB MR MPH37 P P¥fRus
A beconeso%Q%%%QLE%g%JQaégg%ically sensitive portion. Therefore, with the
present twd;layered MR head, the film thickness of the MR film
contributing to the playback output is only the film thickness
of the second MR film 37. ThHus it becomes possible with the
present two—layered MR head to reduce the film thickness of the
MR film 37 contributing to the playback output to the level of
that of the single-layered MR head made up only of a single—layer
MR film. By reducing the film thickness contributing to the
playback output, a higher playback output may be achieved with
the present two—layered MR head since the sense current may then
be improved in current density.
An embodiment of the method for producing the above-
described MR head is explained in detail.
For producing the two—-layered MR head, a lower gap layer 42,
formed of a non-magnetic insulating material, such as A1203, is
formed on the lower layer shield 41, as shown in Fig.5. The lower

gal payer 42 electrically insulates the lower portion of the two-

layered MR element 3, to be formed in the subsequent step, while



present two-layered MR head to reduce the filmthickness of the MR film 37
contributing to the playback output to the |evel of that of the

singl e-layered MR head nade up only of a single-layer MR film By
reducjng the filmthickness contributi n% to the playback output, a higher
pl ayback output may be achieved with the present two-|ayered MR head since
the sense current may then be inproved in current density. An enbodi nent of

the et hodsbeniRgodusd e diNe ARPVR- 20936kIDEEr Mo heasl ige exil-aiird-dd Mr
detail. For producing the two-layered MR head, a |ower gap |ayer 42, forned
of a non-magemén€ 8nsul ating material, such as A1203, is forned on the

| oner | ayer shi.eld 41, as shown in Fig.5. The lower gal payer 42

el ectrically in%heat esst Ishdwmnwein pPigi &n af tiwoe laweredaydy &’ MRliel aferits 3,
to be fornmed in the subsequent step, while 19 form ng a nagnetic gap at
a | ower poferdAdoPnt Hdet iewWedyefal MY« ehdnt 283 TharotastiNewdayerFidd..6, a
two-layered MI Rfilm43 is formed on the | ower ?ap | ayer 42, and a

protectivefPEPef 24 AdePmed offgemass onj gheotnaalenered MhofllaPerdd MRef i m

43. The tw?;vI gﬁz{,ed %ﬁﬁ%i%ma%dfs.setc eﬁi %u%ip%th subsequent step tq form
a two-|ayer® efe CHdhd*C i 85 nRee" e Of $a§é‘?‘eﬂ‘%ﬁ WU 8t6P 40
first MR Tebihd3a o FOMPARGL OT@n HRRSELYT NG | L0 Ghgld Ando ANaN FR didgn 2
non- nagneti c I nsulating Ti m4r§ 0 63 anéi a secon fi m4310 conposed
of an undegk¥Bgube!d® AGirst MR film 43a, composed of an underlying film

of Ta and an NiFe film, a non-magnetic insulating film 43b of

Alf%'and a second MR film 43c composed of an underlying film and

an NiFe film.

Then, for forming the two-layered MT R film 43 into a two-—
layered MR element of a pre—set shape, a photoresist 45 patterned
to a pre-set shape is formed on a protective layer 44, as sﬁown
in Fig.7. The protectiye layer 44 and the two—layered MR film 43
are then etched, ‘as éhoWn in Fig.8, for forminé a two—-layered MR
element 43S of a pre-set shape on the upper surface of which the
protective layer 44 has been formed. -

By pre—férming the two-layéred MR film 43, and by
subsequently etching the film to form the two-layered MR element
43S of a pre—set shape, the first MR film 43a can be in register
correctly with the second MR element 43c. Thus, with the two-
layered MR element 43S, ideal magneto—-static coupling may be
established between the first MR film 43a and the second MR film

43b.



an NiFe film Then, for formng the two-layered M Rfilm43 into a two-

| ayered- MR el ement of a pre-set shape, a photoresist 45 patterned to a
pre-set shape is forned on a protective |ayer 44, as shown in Fig.7. The
protective | ayer 44 and the_tmo-layerex&dwq film43 are then etched, as
shown in Fig.8, for formng a two-layered MR el enent 43S of a pre-set shape
on the upper surface of which the protective |ayer 44 has been forned. By

pre-formng thentwo-dayaismh NR Fikmp43a -dierdiisequentby iagchiygr t4ee
filmto formthe two-layered MR elenent 43S of a pre-set shape, the first
MR film43as crurn@ i for egist By ig®r ERet Iphowiotrlestibe Seyerd AR epetesdt 43c.
Thus, with the two- |ayered MR el enent 43S, ideal nagneto-static coupling
may be estlalyleirshédamdtbieertword afyiersd MR ¢1¢medBad3hd The Bbebote MR T 49
43Db. 20 Then, as shown in Fig.9, a non-magnetic insulating layer 46 is
formed forsovidrdryi pgeted phist @nesi 2emowser ﬂg?nér st iWhE | BYRTNHENEHRE t he
two-1 ayered MR el ement 43S, The ghotoresjst 45 i s then pggled o{f andst
renoved, aPSHdarifE {P¥eRohe neyfet T T HINBRANTy TEEYE "6 R PRI C PRI 1Ty and

emoving Lo RISLE"SHSt 15 o0l dhe NRBLIRGNL o b e laer 4

formed th Su on-magneti Cc 1ns I'ng | ayer 4
the prot e&tﬂe\{% !na,‘ygfie jai}luafra%e@l @@afli)g%%a%qeitslm RPsulitng A% yRHONP ddu
Fig.10 and I n ﬁlg. Ich 1's a cross-sectional view
: the protective layer 44 are planarized by polishing. Thus, as
shown in Fig.10 and in Fig.l1ll which is a cross—sectional view
taken along line A-A in Fig.10, the two—iayered MR element 43S
and the protective layer 44 are buried in the non-magnetic
insulating layer 46. |

With the so-called 1lift—off technique, in which the
photoresist layer 45 is peeled and removed along with the non-
magnetic insulating layer 46 formed thereon, the state in which
the two—layered MR element 43S. and the protective layer 44 are
buried in the non-magnetic insulating layer 46 can be established
easily. However, with such lift—off technique, burrs or the like
tend to be formed in edge portions préduced on peeling the
photoresist, thus adversely’affectingsurfaﬁe roughness, magnetic
properties or insulating properties of the t_wo—-la.yered MR element
43S or the shape of the upper gap payer or the upper layer shield
formed by the subseguent steps. Thus, in the present embodimen},

the surfaces of the non-magnetic insulating layer 486 and the

proteétive layer 44 are polished after peeling the photoresist .



taken along line A-A in Fig.10, the two-layered MR el enent 43S and the
protective |layer 44 are buried in the non-magnetic insulating |ayer 46.
Wth the so-called |ift-off technique, in which the photoresist layer 45 is
peel ed and renoved along with the non- magnetic insulating |ayer 46 forned
thereon, the state in which the two-laydlred MR el enent 43S and the
protective layer 44 are buried in the non-magnetic insulating |layer 46 can

- be establ i shedr easi1yr HOYEYEIng Wit s34Ch bbbl 9L . techni que, burrs of the
like tend to be formed in edge portions produced on peeling the

photoresi st, this saduAdseeynafé® ity SUr € &UrqUERREsS, t HAGR-magnetic
properties or insulating properties of the two-layered MR el enent 43S or

t he shape ofistlwt inppetagap péyemdortieheprppect ivayerawdn edd boenpd lhghehe
subsequent steps. Thus, in the present enbodi nent, the surfaces of the
non- magnet # Et ¢ nswegtliing | byer M@ tamgstilsé plavect dve |ayerind4the e prelsiestied
after peeling the photoresist 21 l'ayer 45 for inproving surface
properti ese™PedipeRt d bk ASt BECERELTY| £ot HECsdr fthdekesf thRekRBASnBEnéiEC
insul ating | ayer, 46 d the protecgtive |l ayer 44 are polished after peeling
the phot orBEFETCT LY Lave ™ 48 iR FHEARBsEh Contidhirmten ot Tae ABOHE%aRy 10

use a thic#g[i£?{§%n3§s §Het§fe9£ {eﬁﬁg%%sgaXﬁk;ﬁ4 §£E§¥¥@¥H¥1j the

i
consi deratfon o e anount of polrshing by the preSent” process s%gp. _
Specifical byotbétihe Ra@le@Ctiye of aVvebr 4kanfie, f@izosexi?grplu‘ged.,p‘lgto:)’ ilsS

used, it is

preferred for the ultimate film thickness of the protective layer
44 to be on the order of 20 nm, while the amount of polishing of
approximately 50 nm is necessary in order to have a sufficiently
planar surface by the polishing df the present process step.
Therefore, if the photoresist layer 45 is first peeled off and
the surfaces of the non-magnetic insulating layér 46 and the
protective layer 44 are subsequently polished, it is neéessary
to form the protective layer 44 of A1203 to a film thickness on
the order of 70 nm in advance and the protective layer is
polished and  planarized in the present process step by
approximately 50 nm in order to provide an qltimate film
;hickness of the protective layer 44 on the order of 20 nm.

By polishing the surfaces of the non—magnetic insulating
layer 46 and the protective-layer 44 in this manner, magnetic
properties or insulating properties of the two—-layered MR element
43S may be improved, while an ideal shape of the upper layer

shield formed by the subsequent step may be realized for



preferred for the ultimate filmthickness of the protective |ayer 44 to be
on the order of 20 nm while the anount of polishing of approximtely 50 nm
is necessary in order to have a sufficiently planar surface by the
polishing of the present process step. Therefore, .if the photoresi st Iayer
45 is first peeled off and the surfaces?df the non-nagnetic i nsul ating

| ayer 46 and the protective | ayer 44 are subsequently polished, it is
necessary j ﬁﬁbﬂ&%&%@t@%e&ﬁ@%@?téN@réé@@¥1§¥hd§ A1208 teoalhykmed hhagmessc on
the order of 70 nmin advance and the protective l|ayer is polished and
pl anari zecheddn the present process step by approximately 50 nm in
order to provide an ultimate fi'l mthickness of the protective |ayer 44
on the order offi20 mm sBpwpolinsAiigg 18he asaefapes—brsy het o - h%@%%t? is

insulating layer 46 and the protective layer 44 in this manner, netic
properti esfaommechdnl hhe mppmegactiiésipfuls 1‘!&\daiy§fe11§oa'hﬂizté‘leeﬁﬁﬁf %‘S"?‘r’ay
be |nproved whi | e an_i deal shape of the u%per gle d120é9397bgn3he
subsequentlate&h 4fey BTl gy non-538; r‘?fitJLSvr1 11? ¥
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for med i the non- nagnetlc i nsul ati ng

| 46 t | i a
Layer At gﬂ?ayer %ﬁf)fg? Vite éﬁ@ﬂéd440 %fr%{aﬁpbggnﬁhﬁeagnfaﬁggﬁﬁb§ ng

i nsul atin He protective layer 44 at t rear end 43A of the
two- 1 ayerede MR SlENBIE B awetahedrba MBI BLaneepentsg 48 for exposing a

Then, as shown in Fig.13, a conductor layer for the sense
current 49 is formed on the rear end 43A of the two—-layered MR
element 43S so as to be contacted with the upper surface of the
two—layered MR element 43S via én opening 48 formed during the
previous step. A conductor layer for bias current 50 is also
formed for overlying the ubper portion of the two-layered MR
element 43S. A non-magnetic insulating layer 51 is further formed
therepn.

Then, as shown in Fig.14, the non-magnetic insulating layer
51, non—magnetic insulating layer 47 and the-ﬁrotective layer 44
on the froward end 43B of the two-layered MR element 43S are
etched for forming an opening 52 for exposing the forward end 43B
of the two-layered MR element 43S. An upper gap layer 53 is
formed on the forward end 43B of the two—layered MR element 435
and on the non-magnetic insulating layer 51 so as to be cohtacted
via the opening 52 with the upper surface of the two-layered MR

element 43S, and an upper layer shield 54 is further formed



rear end 43A of the two-layered MR el enent 43S. Then, as shown in Fig.13, a
conductor |ayer for the sense current 49 is forned on the rear end 43A of
the two-layered MR el enment- 43S so as to be contacted with the upper surface
of the two-layered MR el enent 43S via qggopening 48 fornmed during the

previ ous step. A conductor 1ayer for bi current 50 is also formed for
overlying the upper portion of the two-layered MR el enent 43S. A

non- magnetixgeddtsll ating layer 51 is further fornmed thereon. Then, as shown
in Fig.14, the non-magnetic insulating | ayer 51, non-nmagnetic insulating

| ayer 47 and 't hef geot ebéi wbolveyeggrobesen $bep f r enwamwt<diacte48B MR tiead is
two-| ayered MR el enent 43S are etched for form ng an opening 52 for

exposi ng téemd e ved dyerd 43B iok shertwSihagethd WRelairmd ARshead dpper
gap layer 53 is fornmed on the forward end 43B of the two-1ayered MR el enent
43S and onP}aEbai-oRigheMe8nrhd Gl ARe MY | dyeFeSardtngs inGuséaBsht fa¥%d 6 a

t he opening 52 with the ﬁgger surface o& tqﬁ%tmg-l yered MR el ement 43S,
and an upp?YEESRr SRi el W'%4 TEOFIAYREPIf or'ffed 293 (hfd eoRTOMTEIE t hé

above process _step.,a two:| ayered head s, conpleted by a slicing step.
Since the -f%‘-’f%ﬁ/‘gyeﬁeéﬁ?%ueca%‘% gnag\%taly g‘c-a-%dnl y magnetic head, a recording

i nductance may pe Layeragh,@esdibed WRatRYE" ¢dr MYodiRAthy tRE a¥owéiding
a recordi ng/ reproduci ng nmagneti c head.
described two—layered MR head, the non—-magnetic insulating layer
is formed, with the photoresist being kept intact, so that the
two—layered MR element 43S and the protective layer 44 are burjed
in the noh—magnetic insulating layer 46, and the photoresist 45
is then removed along with fhe non—-magnetic insulating layer 46
on the photoresist 45, as shown in Figs.lo aﬁd 11. However, the
state in which the two-layered MR glemeﬂt 43S and the protective
iayer 44 are buried in the non-magnetic insulating layer 46 may
Se realized by techniques other than that described above.
Specifically, the state in which the two-layered MR element
- 43S and the protective layer 44 are buried in the non-magnetic
insulating layer 46 may be fealized by forming a non-magnetic
insulating layer on the lower gap layer 42; two—layered MR
element 43S and fhe protective layer 44and by subsequently
etching back this non—-magnetic insulating layer!
"That is, after forming the two—layered MR element.43s and

the protective layer 44, and after removing the photofesist layer

45, a non-magnetic insulating layer 61 is formed for overlying



In the above-descri bed nmethod for producing the above- descri bed
“two-|layered MR head, the non-nmagnetic insulating layer is forned, with the
phot-oresi st being kept intact, so that the two-layered MR el ement 43S and
the protective layer 44 are buried in tgﬁ non- magneti c insul ating | ayer 46,
and the photoresist 45 is then renoved ong with the non-magnetic '

i nsul ating |ayer 46 on the photoresist 45, as shown in Figs.10 and 11.

However, tiie staber i Baphi dydihesp wothayened fMR alenBdmddS 488 tah@ the
protective |ayer 44 are buried in the non-nmagnetic insulating | ayer 46 may
be realizetdrecitdstenilgyes atheast baowh hit Elgscri bed cabdeea Speei fochingy,
the state in which the two-1ayered MR el enent 43S and the protective |ayer
44 are buriirean | hhe heurdrcragnét ithei nsagaet g hagdr of6 whyche silddeiszethdy
form ng a non-magnetic insulating |ayer on the |ower gap |ayer 42, _

t wo- | ayer @i QR td|Ce ekl WIS SThgA - t 186 ﬁ%@?écﬂmvglgaﬁéﬁ aaaRateyesimsucht | y
et ching back thjs nop-magnetic insulating layer. That is, after forning the
two- | ayer P TR PEW&HF ABE BB ] ek dFﬁPé%FPP@ tayef %, d5¢ BPPEPTFRMBYI ng

t he photoQﬁ§i§% %ﬁé?“eéS%oa no?%gégQﬁg?ﬁpgngug% gggnkaxgﬁggéﬁ%gig%%ned for

overlying ower géﬁ -l ayer e and” t he

protecti Veslleééﬁrlymbhi%e%hc%ﬁginq:\ﬁ? Gl WHiGRnLS s30Y @We! e%ipgyé;gr errri];@e

surface of the magnetic heac ich slides the magnetic nedium , as
shown in RGkmndht a38Na0M0L8SkIbn820 kSt hOrABH-EHdta NaksimaRehkCLaPsHl @11 ng

| ayer 61. The photoresist . :

other than the portion overlying the two—layered MR element 438.
Iﬂ this manner, the film thickness of the photoresist 62 becomes
thicker in portions other than the portion overlying the two-
layered MR element 438 and. becomes thinner in the portion
overlying the two—-layered MR element 43S, as shown in Fig.186.

With the entire surface.of the resulting assembly covered
by the photoresist 62, the entire surface of the assembly is
etched back. For this etching, the etching rates for the
photoresist 62 and that for the non—-magnetic insulating layer 61
are properly selected for selectively etching the non—insulating
layer 61la on the two-layered MR element 43S and the protective
layer 44 for reducing surface step differences for planarization.

As a result, the surface of the assembly is planarized and
the state is reached in which the two-layer MR element 43S and
the protective later 44 are buried in the non-magnetic insulating
layer 61, as shown in Fig.17. It suffices then to perform the

process similar to that for the two—layered MR head.



62 is applied to a filmthickness substantially equal to or slightly

thi nner« than the filmthickness of the two-layered MR el enment 43S in
portions of the non-magnetic insulating | ayer 61 other than the portion
overlying the two-layered MR el ement 43% In this manner, the film

t hi ckness of the photoresist 62 becones thicker in portions other than the
portion overlying the two- |ayered MR el enent 43S and becones thinner in

t he portion overdiyienghbleki,Wdt| syef pdedVR fol e riur438e af Siows siemblygidb.
Wth the entire surface of the resulting assenbly covered by the

phot or esi spla@far ized enbistangiefldge oThehsoaswaahelyi¢ sinstuwledd ngadkyeFof Lt hi s
etching, the etching rates for the photoresist 62 and that for the

non- magnet®a&y ﬁﬂsuﬂea%l Ry I*d}PerPI@fe&rtéVﬁr 3p¥ery4del ected for selectively

etching the non atin 6la.on the two-layered MR e| epent 43S and
the protective |fa€e$h%4“f’ rm?éﬂﬁﬁfﬁglgﬁf‘ﬁﬁéé“& éﬁ'y&rf o e‘r‘FceL oron the
the surface of ot

pl anarizatjo assenhl.y | anari zed, and
the state Ii”éﬁfeeésﬁ ed |n ﬁlﬁl éﬁ 't 5E t?/\% ayer gelﬁ‘:{rhen]t 4%“5 nd t he Lf (gh

pr ot ecti vepba g5 &4 AihbUbheflablet e NP0 TRONAL G yeaodh ol nghd A48 nfLy as

shown in g.17. It suflcest en to per process si ar to th

for the twors ! ewersseMudesst used 2P0 Foin € Cdhiafdot idg St iceRsiuckorha agenf ace
of the assenbly is planarized substantially. The non-nmagnetic insulating

| ayer 61 nhyr behd efdnsan dure eprtot4@ciainde thay ewo44ayéfed MR noremsgn&L3iSC and
insulating layer 61 is left on the
in the vicinity of the opening 52 for interconnecting the gap
layer 53 and the two-layered MR element 43S are removed along
with the protective layer 44 when these openings 48, 52 are
formed in the subsequent process steps.

Alternatively, for producing‘the situation in which the
two—layeied.MR element 43S and the protective layer 44 are buried
in the non—-magnetic insulating 1ayér, it suffices to form the
non—-magnetic insulating léyer on the lower magnetic layer 42,
two—-layered MR element 43S and the protective layer 44 and
subsequently to polish the non-magnetic insulating layer.

That is, after forming the two-layered MR element 43S and
the protective layer 44 and subsequently removing the photoresist
45, a non—-magnetic insulating layer 71 is forméd:for overlying
the lpwer gap layer 42, two-layered MR element 43S and the
protective layer 44 as shown in Fig.18 which is a view looking

from the surface of the MR head on which slides the magnetic

medium. The entire surface of the assembly is then polished, as



protective |ayer 44, as shown in Fig.17, it suffices if the portions of the
non-magnetic insulating layer 61 in the vicinity of the opening 48 used for
i nterconnecting the conductor |layer for the sense current 49 and the
two-1layered MR el enment 43S and in the vhginity of the opening 52 for

i nterconnecting the gap | ayer 53 and the two-|ayered MR el enent 43S are
renoved along with the protective |ayer 44 when these openings 48, 52 are
formed in thewauhsequest19PraaesSIRRS zeAl tRyMmatlinehyshimg puodace ngtiepe
situation in which the two-layered MR el enment 43S and the protective |ayer
44 are buridedfiemehhesnomhisgnait icvenssuswth ng Isapae, it whféhcebet enftdrm t he
non-magnetic insulating |ayer on the | ower magnetic |ayer 42, two-|ayered
MR el enent s43%agrdof hehgrasisembilve i b asely s Wan taired ISupdegasierg #0d pdle Hrorhe
non-magneti c insulating layer. That is, after form ng the two-layered M

el ement 4332asdechtiRp? berertts S S aper the eert eqlseydaitary 4fefb%itHF 95 10
phot oresi st (45, a non-nagnetic jnsulating |ayer_71 is fo d for_averlying
the | ovwer §&§ P&QéPaEE?t?&n*?%&%ﬁ%&?%w%%ﬁégngﬁr ﬁgésﬁﬂae?%gypr%ﬁeﬁﬁ%é%?%éayer
44 as shown in Fig. 18 which is a, view |looking.fr €e SUI foe

head on V\/nwir%é)h & eguﬁhgrﬁﬁﬁﬁgtfgeﬁ%d?ﬂ%f etéenﬁ%réegsfjﬁla{:rgecgfb%t r?eh:‘%mMQ

assenbly i e PR shed, as 26 shown in Fig.19 and planarized for
dininishinga§%rface step differences. This achieves such a state in which

the entire surfaee ¢fidragiassenihy inprSuRgharticalingupkanagi 2egeand it,hel tt wo-

suffices if the surface. of the assembly 1is substantially
planarized, while the non-magnetic insulating layer 71 may be
left on the protective layer 44, as shown in Fig.18. If the non-
magnetic insulating layer 71 is left on the protective layer 44,
as shown in Fig.19, it suffices if the portions of the non-
magnetic insulating layer 71 in the vicinity of the opening 48
used for interconnecting the conductor layer for the sense
current 49 and the two—layered MR element 43S and in the vicinity
of the opening 52 for interconnecting the gap layer 53 and the
two—layered MR element 43S are removed along with the protective
layer 44 when these openings 48, 52 are formed in the subsequent
process steps.

With the above—describea two-layered MR head, it is
desirable for the first MR film and the second MR film to be
magneto-statically coupled to each other for magnetically
stabilizing the second MR film operating as a magnetically

sensitive portion of the magnetic head. However, if the magneto-—



| ayered MR el enment 43S and the protective |ayer 44 are buried in the
non-magnetic insulating |ayer 61. Subsequently, it suffices to carry out
process steps simlar to those for the above two- |ayered MR head. For

pl anari zing the non-nagnetic insulatinggayer 71, it suffices if the
surface of the assenbly is substantially planarized, while the non-nagnetic
insulating layer 71 may be left on the protective |ayer 44, as shown in

Fig.19. Ifsthe; dQyupBeRebetweBaULRLT A0-4 QYRS £ {1ni $nd &fle @BcbhE NE GtiQG,I Ve |
| ayer 44, as shown in Fig.19, it suffices if the portions of the non-

magneti c i orel sddord My efi 1hd i nbhe svifgiigiityit@f &bhebopenédgnadgh ersiedh Ifigr.

i nterconnecting the conductor |ayer for the sense current 49 and the

t wo- | ayer eth&/Rs et engtrit of3Suahdmagnéhe-viat e toowfl itntee ispdeipagdBRtfaor the
interconnecting the gap |ayer 53 and the two-|layered MR el enent 43S are
renoved al oagioi eh thre Prlo ddiiakndsgy @rf Me\MférTStth@Befbb@nng%ha—‘ﬂB of5Ahgr e
formed in the subseqf uent process steps. Wth the above- descrl

t wo- | ayer e8eRROASH T §4m SusbsiTaspPrecf ob Re hel F ridti qbResS| @ a’ﬁﬁet’?fe"sstemnd
M o) g REaRATSRS I R X Ou B 3PSOy TR
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filmis not suffigi gotinowd allid eedetBIPRLIIGAbhYe effect of the second MR
film for the ratio of the film thickness of the first MR film to
that of the second MR film equal to 1:0.50, while Fig.21 shows
the magneto-resistance effect of the second MR film for the ratio
of the film thickness of the first MR film to that of the second
MR film equal to 1:0.75. On the other hand, Fig.22 shows the
magneto-resistance effect of the second MR film for the ratio of
the film thiekness of the first MR film to that of the second MR
film eéual to 1:1, while Fig.23 shows the magneto-resistance
effect of the second MR film for the ratio:of the film thickness
of the first MR film to that of the second MR film equal to
1:1.25. In Figs.20 to 23, the abscissa denotes the strength of
the external magnetic field H, while the ordinate denotes the
change in the rate of resistance Ap/p of the second MR film
caused by the magneto-resistance effect. |
As may be seen from Figs.20 to 23, a thicker film thickness

of the first MR film leads  to stabilized magneto?resistance-

effect of the second MR layer. That is, the thicker the film



The strength of such nmagneto-static coupling is dependent on the ratio of
the filmthickness of the first MRfilmto that of the second MR film Such
ratio of the filmthickness of the first MRfilmto that of the second MR
filmwas actually checked. The results i shown in Figs.20 to 23. Fig.20
shows the nmagneto-resistance effect of t second MR filmfor the ratio of
the filmthickness of the first MRfilmto that of the second MR-fil m equal
to 1:0.50, twhtkee&s o £ 1t s opiSe S MATBGNGE, 0th@Shstanseawfd exd fe tagnsegend
MR filmfor the ratio of the filmthickness of the first MRfilmto that of:
t he secondsMebiilktyeqliathé osdednd MR Gni nhe tofusereldardngFi e 220 sd®Ws t he
magnet o-resi stance effect of the second MR filmfor the ratio of the film

t hi ckness of the first MRfilmto that of the second MR filmequal to 1:1,
whil e Fig.23 shows the magneto-resistance effect of the second MR filmfor
the ratio of the filmthickness of the first MRfilmto that of the second
MR filmequal to 1:1.25. In Figs.20 to 23, the absci ssa denotes the
strength of the external nagnetic field H while the ordi nate denotes the
change in the rate of resistance Ap/p of the second MR filmcaused by the
magnet o-resi stance effect. As may be seen from Figs.20 to 23, a thicker
filmthickness of the first MRfilmleads to stabilized magneto-resistance
effect of the second MR layer. That is, the thicker the film 28

t hi ckness of the first MRfilm the nore stable is the magnetic



stability of the second MR film thus reducing the noise. 29 CLAI M5
Claiml. Athin-filmmagnetic head conprising: a two-|ayered

magnet o-resi stance effect el ement nmade up of a first magneto-resistance
effect filmand a second magneto- resistgnce effect filmof substantially
the sane wdth as the first magneto-resi’Stance effect film layered with a
non-magnetic insulating filmin-between; a non-magnetic insulating |ayer
arranged @i gMsateral side of said two-layered nagneto-resistance effect

el enent; and a pair of electrodes arranged on both ends of the upper

surface ofcisdind it.Wo- tayared 1nagaghetieshehaneempt{ €thgel enent and connect ed
to said second magnet o-resi stance effect filnm -wherein the inprovenent

resi des in thata tthe—peaghbadkmaggaab-resilet 2ot ede bHifed hee nmmpret oadesiust afice
effect of said second magneto-resistance effect film Cdaim2. The

thin-fil mamfhest cohendtasres bshedce neffacin I idimeragich @ heefpneh maiBerfess of
the first magneto-resistance effect filmis thicker than that of said

second magtttictidisteiiceterficl® 91 | mberanhd LN HRt heRMe of iptbdaei ffea
thin-film netic h%ac_i haviﬁg a tVf-I aps/?r.ﬁd NE%PeIg o&rg%h]stan%e_meffe%tc
el ement nmelfe Up "BE"S “PrFEE: gﬂ‘é?oe- S Eanle FXFRY FilFh ANE "2 "eEL5Hd
magnet o- rgégéfa%%% etfifl%ctirg‘_iblewe%mred toget her, wherein the pl ayback
a non—magnetic insulating layer arranged on a lateral side
of said two-layered magneto-resistance effect element; and
a pair of electrodes arranged on both ends of the upper.
surface of said two—layered magneto—resistance effect elemeﬁt and
connected to said second magneto-resistance effect film; wherein
the improvement resides in that
the playback signal is detected by the magneto—-resistance
effect of said second magneto-resistance effect film.
Claim 2. Thg thin-film magnetic head as claimed in claim 1
wherein the film thickness of the first magneto-resistance effect
film is thicker'than that of said.second-magneto—resisfance
effect film.
Claim 3. A method far producing a thin—-film magnetic head having
a two-layered ﬁagneto—resistance effect element made up of a
first magnéto—resistance effect film and a second magneto-
resistance effect film layered together, wherein the playback
signals are detected by the magneto-resistance effect of the

“second magneto-resistance effect film, comprising the steps of:

-
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signals are detected by the magneto-resi stance effect of the second

magnet o-resi stance effect film conprising the steps of: so layering the
first magneto-resistance effect filmand the second magnet o-resi st ance
effect filmin this sequence to forma two-|ayered nagneto-resistance
effect film and forming a protective | a®® on.said two-1|ayered

magnet o-resi stance effect film formng a non-magnetic insulating | ayer for
overlying said riegiestingpridtecedtiinsg Imagaetandesaktahto- baAyecedfilm and the
magnet o-r esi stance effect elenent; peeling and renoving said resist along
with t he norIrifharagnetosulestiistgnecayerf feotnédlonisattiseskatiencenoyi higrmhe
protective |ayer on both ends of said two- |ayered nmagneto-resistance

ef fect el efent¥BylaveRfhg Mesnedepssragtanre ©fdecdy ef ebn nagnét Comasing ahce
effect fil qutjoran% a pair of electrodes connected to said second
magnet o- r e 'S arce & FECE T 19T B b IR ERISTER L38qetRoTPayeFagce effect
magnet o-r esj st ance effect element. Caim4. The nethod for producing the
thin-filmnagnetic head as clained in claim3 wherein, after peeling and

renoving said r6¥86ﬂ1d§ Q“QoWLthBQEiQOPﬁ£G¥H%¥'é3ﬂé%%# %%E”QXESX?EgéoégFQ

thereon, the surfaces of the non-magnetic Insul-ating |ayer
protective fdd 7843l erpekicshed pagkt heleby il anatl Zad o Lhighe?o—Pe SBLHRM £ OF

producing a thin-filmnmagnetic head

effect element;

peeling and removing said resist along with the non-magnetic
insulating layer formed on said resist;

removing the protective layer on bbth ends of said th—
layered magneto—resistance effect élement by etching for exposing
said two-layered magneto-resistance effect film; and

forming é pair of electrodes connected to said second
magneto—resistance.effect film on both ends of said two-layered
magnetojresistance effect element.
Claim 4. The ﬁethod for prOAucing the thin—-film magnetic head as
claimed in claim 3 wherein, after peeling and removing said
resist along with the noﬂ—magnetic‘ insulating layer formed
thereon, the surfaces of the non—-magnetic insulating layer and
the pfotective film are polished and thefeby planarized.

Claim 5. A method for producing a thin-film magnetic head

having a twé—layered magneto-resistance effect element made up

of a first magneto-resistance effect film and a second magneto-—

resistance effect film layered together, wherein the playback
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havi ng a two-|ayered magneto-resi stance effect element nmade up of a first
magnet a-resi stance effect filmand a second nagneto- resistance effect film
| ayered together, wherein the playback 11111111 111111 1112111111111111

31 signals are detected by the magneto-rgsistance effect of the second
magnet o-resi stance effect film conprisiig the steps of: layering the first
magnet o-resi stance effect filmand the second magnet o-resi stance effect

filmin thssaaense betborana vhyworl YL £hle FOINSS Dstfifd St @ntec €f bectthli | m
and formng a protective |ayer on said two-|ayered nagneto-resistance
effect filg@dcaid haghexai-adelisiatlaayer ed feragneéti omy esospahsen eftfhects teidsmodnd
said protective layer to a pre-set- shape to forma two-layered

magnet o- r esi st areee effecthee| £imstt g ree for-aesdts tanape efdeicitg fd 1pr endcttihge

| ayer formed thereon; formng a non-magnetic insulating |ayer for covering
t he prot ect¢send amagnalrt 1eel Staqeayaiiar trelgidt o ddiist Sfcdedrrede diodent ;

formng a non-nmagnetic insulating | ayer for covering.said protective |ayer
and sai d t%-twwgﬁgﬁrﬁﬁgd’éac%ﬁerté’sﬁrﬁ%@néﬁ e‘f:?%/%cftengh?‘,“’ C(fgiq n§°5‘“%8§i & on

sai d non-nmagnetic.insylating | ayer and subsequent!ly redugi. t
di fferencegg%'f‘leﬂﬁ’ev%uf?}é%lé ‘g‘? 244 ﬁ%‘r’\f?r% enréq%lcm?%seutloatr%nsgl aaélec?enbeyffeCt
et chback; ¢, ..

etching said two—layered magneto-resistance effect film and
said protective layer to a pre-set shape to form a two—layered
magneto-resistance effect element of a pre—set shape having a
protective layer formed thereon;

forming a non—-magnetic insulating layer for covering the
protective iayer and the two-layered magneto-resistance effect
element;

forming a non-magnetic insulating layer for covering said
'protective layer and sgid two—-layered magneto-resistance effect
element;

coating a resist on said non-magnetic insulating layer and
subsequently reducing step differences on the surface of said'
non-magnetic insulating layer by etchback;

removing the protective layer on both ends of the two-—
layered magneto-resistance effect element for exposing said
second magneto-resistance effect layer; and

forming a pair of electrodes connected on both ends of the

" two-layered magneto-resistance effect element to said second

A



renoving the protective |ayer on both ends of the two- |ayered

magnet o-resi stance effect el enent for exposing said second

magnet o-resi stance effect layer; and formng a pair of electrodes connected
on both ends of the two-layered nagneto-resi stance effect elenment to said
second 32 magnet o-resi stance effect fBfm daime6. A nethod for
producing a thin-fil mnmagnetic head having a two-|ayered nmagnet o-resi stance
ef fect el ensgiie tttede siptaince feiffelctnEgnat o-resi stance effect filmand a
second magneto- resistance effect filmlayered together, wherein the

pl ayback SFigial §-ar& mixttent dd rbyrodec mgreettdrinedii s mamegn &f fe deadf hewéeng
second magneto-resi stance effect film conprisi ng the steps of: |ayering
the first ambfierberessdt nagacbereesistensanaffpet sedsmantmgAeeo et ance

effect filmin this sequence to forma two-| ayered net o-resi st anc
effect film" %dmﬁémgagrasbﬁbf‘aﬁfi\Fefﬁ%%rfb Mseft tgm-?%ﬁpé}idmagnego-

magnet o-resi st ance effect fi et ching,said wo-1ayered. magnet Q-resiL st ance
effect fi Ilﬁ%ln%asnaﬁed epff(:) cetct%gieml %&%?r%% goﬁ?é@%’ﬁét )scﬁgllp'%”t‘og#g%rﬁ]lgigégiéil

two-| ayer ogh JEANC! 2L CRLTLARER &l Al g%&g@@éomeﬁﬂa%&eteﬁw Javing a

protective l'ayer fornmed thereon; "form non-magnetic insul ating |ayer
for coverig@eddie milede@Gré ilsauakbeaBedrbhe FYOm! sy STBGNehe- kespst gnce

ef fect el enent; _
' layering the first magneto—-resistance effect film and the
second magneto-resistance: effect film in this sequence to form
a two—-layered magneto-resistance effeét film, and forming a
protective layer on said two-—layered magneto-resistance effect
film;

etching said two-layered magneto-resistance effect film and
said protective layer to a pre-—set shape to form a two—layered
magneto—resistance effect element of a pre—-set shape having a
protective layer formed thereon;

forming a non—-magnetic insulating layer for covering the
protective layer and the two—layered magneto-resistance effect
element;

polishing the surface of said non—magnetic insulating layer
for reducing step differences for reducing the step differences
on the surface of said non—magnet}c insulating layer;

removing the protective layer on both ends of said two-
layered magneto-resistance effect elemeﬁt by etching for exposing

said second magneto~resistance effect film; and
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polishing the surface of said non-magnetic insulating |ayer for reducing
step di#ferences for reducing the step differences on the surface of said
non- magneti c insulating |ayer; renoving the protective |ayer on both ends
of said two- |ayered nagneto-resistance gj}‘ect el enent by etching for.
exposi ng sai d second magnet o-resi stance ect film and 33 formng a
pair of electrodes connected to sai'd second magneto-resi stance effect film
on both ends offsaiihg wa- | pyer ed fMagnet Oré@ss Stanaecetfiecio ekgi@ntsecond -

magneto-resistance effect film on both ends of said two—layered

magneto~resistance effect element.
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