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Field of the Invention

This invention relates to a magnetoresistance effect type
thin-film magnetic head (MR head) suitably used for a hard disc
device for detecting playback signals by the magnetoresistance
effect.

Description of the Related Art

In a magnetic recording device, such as a hard disc device,
a higher ;ecording density is demanded for increasing the storage
capacity. Recently, a magnetoresistance effect type thin—-film
magnetic head (MR head), which is a magnetic head suited to
narrower track widths, is in widespread use in order to cope with
high density magnetic récording.

Basically, the MR head includes two electrodes 102 attached
to both ends of a magnetoresistance effect film 101, whose
resistivity is changed with the strength of the magnetic field, as
shown in Fig.l1. The sense current is supplied to the
magnetoresistance effect film 101 from the two electrodes 102 for
detecting resistance changes of the magnetoresistance effect film
101 caused by the signal magnetic field from a magnetic recording
medium for producing playback outputs based on these resistance
changes. Such MR head has a feature that its playback output is not

dependent on the speed of the recording medium and a high playback




shown in Fig. 1. The sense current is supplied to the

magnet oresi stance effect film 101 fromthe two el ectrodes 102 for detecting
resi stance changes of the: magnetoresistance effect film101 caused by the
signal magnetic field froma magnetic recordi ng nmedi umfor producihg

pl ayback .output's based on these resi stanrte changes. Such MR head.has a
“feature that its playback output is not dependent on the -speed of the
recordi ng medi um and a hi gh pl ayback 2 out put can be devel oped even if _
the speed of the recording nediumis | ow. Meanwhile, the nmagnetoresistance
ef fect fil AERHRIGAR PE ABERLRPEAITYP udt 4BPesRERt Thdthe HECRRGRRE BRI | n
t he nagnetorefistance.effect filmis noved by the external magnetic field.
Cbnsequehtf?, The MR head has a drawback that the Barkhausen noise is

generated due tge SRVEIRNT fhe! N JRAG G sWBhte Ofe 418t £ilm usually is

magnetically unstable such that the magnetic wall in the
magnetoresistance effect film is moved by the eﬁternal magnetic
field. Consequently, the MR head has a drawback that the Barkhausen
noise is generated due to movement of the magnetic wall of the
magnetoresistance effect film. Thus, with the MR head, it is
crucial to achieve magnetic stability of the magnetoresistance
effect film to reduce the Barkhausen noise.

For achieving magnetic stability of the magnetoresistance
effect film, a so-called double-layer MR head, employing the
magnetoresistance effect film a double-layer structure, has been
developed. In such double-layer type MR head, in which the
magnetoresistance effect film is of a double layer structure,
magneto-static coupling is produced betwéen a first
magnetoresistance effect film 103 and a second magnetoresistance
effect film 105 under a self-bias effect of the sense current
supplied to the firsp magnetoresistance effect film 103 and the
second magnetoresistance effect film 105. The result is that the
first magnetoresistance effect film 103 and the second
magnetoresistance effect film 105 become magnetically stable thus
reducing the Barkhausen noise.

However, if the magnetoresistance effect film is of a double

layer structure, the self-bias effect cannot operate in a portion



magnet or esi stance effect film Thus, with the MR head, it is crucial to
achi eve magnetic stability of the nmagnetoresistance effect filmto reduce
t he Barkhausen noi'se. For achievi-ng- magnetic stability -of the

magnet or esi st ance -ef fect'-film a so-called doubl e-1ayer MR head, errpl oyt ng
the .magnet or esi st ance effect. fil ma doubse- | ayer structure, has been’
devel oped. In. such doubl-e- Iayer type MR head, in which the

magnet oresi stance effect fi I m | s of a doubl e |layer structure .
magnet o--static coupl i ng Hro bet ween l; sk
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film 103 an t he second magnetoresi stance effect film 105 becone
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magnet or esi stance effect filmis of a double |layer structure, the self-bias
ef fect canfoim apéealging) thepeléctrodes designed to supply the sense current
to the magnetpresistance effect film, such that the magnetic wall
issliable to be produced in such bortion. Thus, even if the double-
layer type magnetoresistance effect film is used, the Barkhausen
noise ‘is 1likely to be produced from the portion of the
magnetoresistance effect film carrying the electrodes in which the
self-bias effect cannot be produced. Therefore, with the MR head,
it is crucial to prohibit the magnetic wall from being produced in
the magnetoresistance effect film inclusive of the portion thereof
carrying the electrodes in order to reduce the Barkhausen noise.
It is also demanded of the MR head to increase the playback
output. If the sense current supplied to the megnetoresistance
effect film is 1Is, the variance of resistivity of the
magnetoresistance effect film caused by the strength of the
magnetic field from the recording medium is ap, the length of the
magnetically sensitive portion of the magnetoresisténce effect film
is L, and the cross—-sectional area of the magnetically sensitive
portion of the magnetoresistance effect film is S, the playback
output of the MR head is represented by Is ap L/S. Thus, for raising

the playback output of the MR head, it suffices if the

magnetoresistence effect film is reduced in film thickness for



3 of the magnetoresistance effect filmcarrying the electrodes, that is in
the portion of the magnetoresi stance effect filmother than its

magnetically sensitive portion. That is, the self-bias effect cannoet be
afforded to the portion of the magnétoresistance effect fil m under l.yi-ng the
el'ectrodes designed to supply the sense gurrent to the nagnetoresistance
effect film such that the magnetic wall is liable to be produced in such
portion. Thus, even if the ‘doubl e- |ayer type nagnetoresistance effect film
I s used, the Bar.khausen noi se is likely.to be produced fromthe portion of '
t he nagnet O7%dicdPEntRe et FATF9qtrhomads prag eqhécf“laéﬂéélFﬁlWhlﬁPstlﬁé"e
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el ectrodes iIn er to reduce arkhausen noi se.
magnetoresistance effect film.

However, if the magnetoresistance effect film reduced in
thickness excessively, its resistivity is significantly increased.
Such increase in resistivity means increased impedance of the
magnetoresistance - effect film leading to deteriorated
characteristiés of the MR head. Such increase in resistivity of the
magne;oresistance effect film is parficularly outstaﬁding in an
area thereof having a film thickness of not more than approximately
20 nm. If the magnetoresistance effect film is reduced excessively
in thickness, the magnetoresistance effect film tends to become
unstable in magnetic characteristics. Thus it is desirable that the
film thickness of the magnetoresistance effect film used for an MR
head be not less than approximately 20 nm.

Howe&er, with the conventional double-layer type MR head,
having two layers of magnetoresistance effect films,.the total
thickness of the magnetoresistance effect films contributing to the
playback output is approximately twice that of the MR head having
only one magnetoresistance effect film. It is therefore difficult
with the conventional double-layer MR head to develop a high
playback output.

That is, if, in the conventional double-layer MR head, the

film thickness of each magnetoresistance effect film is 20 nm, the



It is also demanded of the MR head to increase the playback output. If the
sense current supplied to the nagnetoresistance effect filmis Is, the
variance of resistivity of the nmagnetoresistance effect f|In1caused by the
strength of -the magnetic field fromthe recording nmediumis {err]p, the

| engt h- of the nmagnetical ly sensitive portion of the nmagnetoresistance
effect filmis L, and the cross- sectiondl area of the nagnetlcally
sensitive portion of thé magnetoresistance effect filmis S, the playback
out put of the MR head is represented by Is [err! L/'S. Thus,, for raising
the pl aybatRtdutiddm 6?1?¥R?%ﬂQ°HeéBe PRERGOFPELS ?chtﬁéfﬁﬁbn%hkﬂ’é§lg?éﬂ%e
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sense current and the lower_playback output. If the film thickness
of each magnetoresistance effect film is set to 10 nm for
decreasing the cross—sectional area S of the magnetically sensitive
portion, the total film thickness of the magnetoresistance effect
_films becomes equal to 20 nm, thus decreasing the cross—sectional
area S of the magnetically sensitive portion. However, the
impedance of the maéﬁetoresistance effect film is increased, while
the magnetic characteristics of the magnetoresistance effect film
become unstable.

SUMMARY OF THE INVENTION

It is therefore an.object of the present invention to provide
a thin-film magnetic head employing a magnetoresistance effect
film, in which the magnetoresisténce effect film'is improved in
magnetic stability for further stabilizing and improving the
playback output.

In one aspect, the present invention provides a thin-film
magnetic head including a magneto-resistance effect element having
a magnetoresistance effect stabilizing layer inclusive of a hard
magnetic layer, a non-magnetic insulating layer and a
magnetoresistance effect layer inclusive of a magnetoresistancé
effect film, layered together, a non-magnetic insulating layer

arranged on a lateral surface of the.magnetoresistance effect



magnet or esi stance effect film However, if the magnetoresistance effect
filmreduced in thickness excessively, its resistivity is significantly

i ncreased. Such increase in.resistivity means increased i npedance of the
magnet oresi'stance - effect ... film ‘l'eading to deteriorated
characteristics of the MR head. Such-inérease in re5|st|V|ty of the -
magnet or esi stance effect filmis particularly outstanding'in.an area

t hereof- having a filmthickness of not nore than apprOX|nater 20rim |f

t he magnetoresi stance effect filmis reduced1§x eSS|ve egkgplcggessththe-
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head, having two | ayers of magnetoresistance effect filns, the total
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pl ayback output is approximately twi ce that of the MR head having only one
magnet or esesfantelafdrect film It is therefore difficult
In another aspect, the present invention provides a thin—-film
magnetic head including a magneto-resistance effect element having
a magnetoresistance effect sfabilizing layer inclusive of a
diamagnetic layer, a non-magnetic insulating layer and a
magnetoresistance effect layer inclusive of a magnetoresistance
effect film, layered together, a non-magnetic insulating layer
arranged on a lateral surfacé of the magnetoresistance effect
element, and a pair of electrodes connected to the
magnetoresistance effect layer on both ends of the upper surface

of the magneteresistance effect element. The playback signals are

detected by the magnetoresistance effect of the magnetoresistance

effect layer.

With the thin—filﬁ magnetic head of the present invention,
magneto-static coupling is produced between the magnetoresistance‘
effect stabilizing layer and the magnetoresistance effect layer for
improving magnetic stability of the magnetoresistance effect layer
as a magnetically sensitive portion. Moreover, with the present
thin-film magnetic head, the electrodes.are connected only to the

magnetoresistance effect layer, such thap only the



wi th the conventional double-layer MR head to devel op a hi gh pl ayback
output. That is, if, in the conventional double-layer MR head, the film
t hi ckness of each magnetoresi stance effect filmis 20 nm the. total film.
t hi ckness of the magnetoresi stance effect fil-mis 40 nm- thus. increasing
the cross-sectional area of the magndtically sensitive portion. The
result is the lower current density of the sense current and the | ower

pl ayback output. If the filmthickness of each nmagnetoresistance effect
filmis set to 10 nmfor decreasing the cross-sectional area S of the .
magnet i cal hygsevsidd iseaport i enfettie tatedl PkmEths ckaessthef miagnetically
magnet or esi stance effect filns becones equal to 20 nm thus decreasing_the
cross- sect sonal tigeegost byn t hdhraghers caiiitp $BASPE?HA" hortinor. 1MoREER?t 1 ¢ he

| npedance of the nmagnetoresistance effect filmis increased, while th
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playback output can be reduced significantly in thickness as
compared with that of the conventional double-layer MR head.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a cross—-sectional view showing a basic structure of
an MR head.

Fig.2 is a cross-sectional view showing the structure of a
conventional magnetoresistance effect film of a double-layer MR
head.

Fig.3 is a transverse cross—sectional_view showing essential
portions of an illustrative MR head according to the present
invention.

Fig.4 is a front view showing essential portions of the MR
head shown in Fig.l, looking from the surface thereof along which
runs a recording medium..

Fig.5 is a perspective view showing an illustrative
magnetoresisténce effect film employed in the MR head shown in
Fig.1l.

Fig.6 is a perspective view showing another illustrative
magnetoresistance effect film employed in the MR head shown in
Fig.1.

Fig.7 is a perspective view showing still another illustrative

magnetoresistance effect film employed in the MR head shown in



becone unstable. SUMVARY OF THE INVENTION It is therefore an object of the
present invention to provide a thin-filmmgnetic head enploying a.

magnet oresi stance effect film:-in which the magnet or esi stance effect film
is inproved in magnetic stability for further stabilizing and inproving the
pt ayback output. -1 n-one .aspect,-the pregent: invention provides a thin-film
magnetic head including a magneto-resi stance effect el enent having a .
magnet or esi stance effect stabilizing |ayer inclusive of a hard magnetic .

| ayer, a_:non-magnetic. insulating | ayer and - a magnet or esi stance
ef fect Iay%¥g1¥ﬂﬂ usi ve of a magnetoresi stance effect film |ayered

L o or B F REPHALNL LA AL O it uabeioce, o
el ectrodesyy g fOi¥1i@danckOerfbB® film employed in the MR head shown in
Fig.1.

- Fig.9 is a graph showing the relation between the playback
output of the magnetoresistance effect film and the strength of the
external magnetic field by way of comparison of a magnetorésistance
effect film having a magnetoresistance effect stabilizing layer and
a convéhtional magnetoresistance effect element.

Fig.10 is a graph showing the results of measurement of the
magnetoresistance effect of the magnetoresistance effect film for
the ratio of the total saturation magnetic flux density ¢1 of the
magnetorésistance effect stabilizing layer to the total saturation
magnetic flux density ¢2 of the magnetoresistance effect layer

ratio of 0.50:1.

Fig.11 is a graph showing the results of meésurement of the
magnetores{stance effect of the magnetoresistance effect film for
the ratio of the ratio of the total saturation magnetic flux
densit& ¢1 of ;£e magnetoresistance effect stabilizing layer to the
total saturation magnetic flux density 42 of the magnetoresistance
effect layer ratio of 0.75:1.

Fig.12 is a graph show}ng the results of measurement'of the
magnetoresistance effect of the magnetoresistance effect film for

the ratio of the total saturation magnetic flux density ¢1 of the

magnetoresistance effect stabilizing layer to the total saturation
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magnet or esi stance effect |ayer on both ends of the upper surface of the
magnet o-resi stance effect el enment. The playback signals are detected by the
magnet or esi stance effect of .the magnetoresistance effect 1ayer. |n another
aspect,” the present’ invention provides a thin-filmmagnetic head i ncl udi ng-
a magnet-o-resi stance- eff-ect el enent - havgng a ragnet or esi st ance effect -
stabilizing | ayer inclusive of a diamagnetic |ayer; -a non-nagnetic
insulating layer -and a nagnetoresistance effect |ayer inclusive of a
magnet or esi stance effect film |ayered together,. a non-magnetic insulating
| ayer arr angede oir af | &t edehs suyr f e eo Hf thhe maggaed oeebs sdrarcee £fdcct layer

el enent and a pair of el ectrodes connect ed to t he

magnet or esrat ancet ef:flect | ayer on both ends of the upper surface of the
magnet o- resi stance ef fect el enent. The pl ayback signals are detected by the
nagnetore5|stan5ége¥?eb§ %fgﬁﬁﬂ? ﬁﬁ@ﬁ%?éréé?sf%ﬂ%%ﬁ%ﬁqf(ﬂ?qsaiéwenVV?ﬁ thfe
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the ratio of the total saturation magnetic flux density ¢1 of the
magnetoresistance effect stabilizing layer to the total saturation
magnetic flux density ¢2 of the magnetoresiétance effect layer
ratiq of 1.25:1.

Fig.14 is é schematic perspective view showing the state of
the magnetic field for a magnetoresistance effect film having a
magnetoresistance effect stabilizing layer.

Figs.15 to 24 sequentially illustrate the production process
;f the MR head shown in Fig.l, where Fig.1l5 is &a schematic
transverse cross—sectional view showing the process of forming a
lower gap layer.

Fig.16 is a schematic transverse cross—sectioﬁal view showing
the process of forming a protective layer and a thin—-film layer
inblusive of a magnetoresistance effect film.

Fig.17 is a schematic transverse cross-sectional view showing
the process of forming a photoresist of a pre—set shape.

Fig.18 is a schematic transverse cross-sectional view showing
the state in which the protective layer and the magnetoresistance
effect film have been etched.

.  Fig.19 is a schematic transverse aross-sectional view.showing

. the process of forming a non-magnetic insulating layer.
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effect stabilizing |layer and the magnetoresi stance effect |ayer for

i nproving magnetic stability of the magnetoresistance effect layer as a
~magnetically sensitive portion. Mreover, with the present thin-film
magrieti ¢ head, the el ectrodes are connected only to the magnetoresistance -
effect Iayer - such - that -only.,the .7 magnetoresistance -effect
| ayer -operdtes -as the nmmgnetically sensitive portion. Therefore, wth
the present thin-filmmagnetic head the nagnetore5|stance effect Iayer

contributing 't hg. pl aybac put, can be re i fi antl
Chicknoss as coibarat S Rehamet By it uBRok it rtar oo Bf*%ﬁalyeer WRHiag.
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basic structure of an MR head. Fig.2 Is a cross-section V|eM/shomnng t he
structure 1@fye@ thereon have been removed.

Fig.21 is a schematic transverse cross—sectional view showing
the state in which the photoresist and the non—magnetic insulating
layer thereon have been removed.

Fig.22 is a schematic transverse cross—sectional view showing
the process of forming a non-magnetic insulation layer and  an
aperture.

Fig.23 is a schematic trednsverse cross—-sectional view showing
the process of forming a conductor layer for the sense current, a
conductor layer for the bias current and a non-magnetic insulating
layer.

;Fig.24 is a schematic transverse cross—-sectional view showing
the process of forming an upper gap layer and an upper layer
shield.

Figs.ZS-fe 27 illustrate another production process of the MR
head shown in Fig.l, where Fig.25 is a schematic front view showing
the state in which a photoresist has been formed on the lower gap
layer, the magnetoresistance effect element and on the protective
layer.

"Fig.26 shows the step next to the step of Fig.25 and shows the
state in which the photoresist has been formed on the non—-magnetic
insulating layerp

Fig.27 shows the step next to the step of Fig.26 and shows
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conventi onal magnetoresistance effect filmof a double-layer MR head. Figf3

is a transverse cross-sectional view show ng essential portions of an
illustrative MR head according to the present:invention. Fig.4 is afront = -
vi ew showi ng essential portions of the MR head shown in Fig.1, |ooking from

t he surface thereof aloerig which runs a recording - nedium Fig.5

is a

perspective -view showing an iIIustr&live nagnetoresistance effect film
enpl oyed-in the MR head shown in Fig.l. Fig.6 is a perspective vi ew showi ng
another illustrative nmagnetoresistance effect filmenployed in the MR head
shown in Filgelstateg.in Whighpthepeetiace hiesnwbspovk RPatized Rioekepback. '

illustrative nagnetoresistance ef f ect filnlenBIo ed in the MR hegdtghq%p in -
r e -

ig.28 illustrates still another oduction process o
head shoﬁn in Fig.l, showing the state in which a non-magnetic
iﬁsulating layer has_been formed on the lower gab layer, the
magnetoresistance effect element and on the protective layer.

Fig.29 shows the step next to the step of Fig.28 and shows the
state in which the surface has been planarized by surface grinding.
Description of the.Preferred Embodiments

Referring to the drawings, preferred embodiments of the
present invention will be explained in detail. The present
invention is, however, not limited to these specific embodiments,
but may comprise optionél modifications as to the shape or the
material t&pe without departing from the scope of the invention.

Referring to Fig.3, the thin-film magnetic head embodying the
present invention is an MR head having a magnetoresistance effect
film including a magnetoresistance effect stabilizing layer. The
MR head includes a lower shield layer 1 and a lower gap layer 2
formed on the lower shield layer 1. The MR head also includes a
magnetoresistance effect element é and a2 non-magnetic insulating
layer 4 formed on a lower gap layer 2. The MR head also includes
a pfotective.layer 5 formed on the portion of the magnetoresistance
effect element 3 other than that on a leading end 3a and a trailing
end 3b thereof, and a conductor layer for the sense current 6
formed on the trailing end 3b of the magnetoresistance effect

element 3 onto above the non-magnetic insulating layer 4 for



F| g. 1 Fig.8 is a perspective view show ng yet another illustrative
magnet or esi stance effect filmenployed in the MR head shown in Fig.1. Fig. 9
is a graph showing the relation between the playback output of the. ..
magnet or esi st ance effect” fil mand-the strength of -the external magnetic

field by way of conparison-of. a nagnetoresistance effect filmhaving a-
magnet or esi st ance effect stabili ZI ng Iabzer- and a conventi-onal

magnet or'esi stance effect el'ement. “Fig.10 is a graph showing the results of
measur enent - of the magnetoresi stance effect of the magnetoresistance effect

filmfoi témnnezitiionotot hleetttall iget emdt Bbno frahetmaste wreddsppge [ eff9t of
the magnet oresi stance effect stabilizing |ayer to the tot at satura
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conductor layer for the semnse current 6, and a conductor layer for
the bias current 8 formed in the non-magnetic insulating layer 7
for overlying the magnetoresistance effect element 3. The MR head
also includes annupper gap layer 9 formed from above the leading
end 3a of the magnetoresistance effect element 3 to above the non-
magnetic insulating layer 7 and an upper shield layer 10 formed on
the upper gap layer 9.

In the above MR head, the ldwer shield layer 1 and the lower
shield layer'10 afe formed of a magnetic material an@ the lower gap
layer 2 is formed of a non-magnetic insulating material, while the
upper gap layer 9 is formed of a non-magnetic electrically
conductive material. The lower shield layeér 1, upper shield layer
10, lower gap layer 2 and the upper .gap layer 9 operate for
preven&ing the magnetic field other than that to be reproduced from
being seized by the magnetoresistance effect elemént 3. That is,
since the %ower shield layer 1 and the upper shield layer 10 are
disposed above and below the magnetoresistance effect film vig the
lower gap layer 1 and the upper gap layer 9, the signal magnetic
field from the magnetic recording medium other than that to be
reproduced is conducted to the lower shield layer 1 and the upper
shield layer 10, while only the magnetic field to be rebroduced in

seized by the magnetoresistance effect element 3.



the ratio of the ratio of the total saturation magnetic flux density [err]1l
of the magnetoresistance effect stabilizing |ayer to the total saturation
magnetic flux density [err] 2. of the magnetoresi stance effect |layer ratia of
0.75:1. Fig.12 is a graph showi ng the: results of neasurenent of the '
magnet oresi stance effect of the nagnetojgsistance effect. filmfor the ratio
of the total saturation magnetic flux density [err]l of the R _
magnet or esi st ance effect stabilizing layer to the total saturation- 9

magnetic flux density [err]2 of the magnetoresistance effect |layer ratio of
1:1. Fig.13 is Bregeapfustronildgerntor el s8nse GHIFSH e fieffdotht nippeT &2P o

magnet or esj stance_effect of the magnetoresi st ffect fi f t i
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sense current to the magnetoresistance effect element 3.
Specifically, the trailing end 3b and the leading end 3a of the
magnetoresistance effect element 3 are electrically connected to
the conductor layer for the sense current 6 and to the upper gap
layer 9, respectively. In deiecting the signal magnetic field from
the magnetic recording medium, the sense current is supplied via
these layers to the magnetbresistance effect element 3. The
magnetoresistance effect element 3 is made up of a
magnetoresistance effect stabilizing layer, a non-magnetic
insulating layer and a magnetoresistance effect layer, layered
together, as later explained. The sense current is supplied only
to the magnetoresistance effect layer.

The conductor layer for the bias current 8, formed in the non-
magnetic insulating layér 7 for overlying the magnetoresisténce
effect element 3, is used for applying the bias magnetic field
across the magpetorésistance effect film 3. That is, when detecting
tﬁe signal magnetic field from the magnetic recording medium, the
current is caused to flow through the conductor layer for the bias
current 8 for impressing the bias magnetic field across the
magnetoresistance effect element 3 for achieving a higher

magnetoresistance effect.

Fig.2 shows such MR head looking from the surface thereof



magnetic flux density [err]2 of the magnetoresistance effect |ayer ratio of
1.25:1. Fig.14 is a schenmatic perspective view show ng the state of the
magnetic .field for a magnetoresistance effect filmhaving a :
magnet oresi'stance effect stabilizing layer. Figs.15 to 24. sequentiatly
illustrate-the production process of the MR-head shown ‘in Fig.1l, = where
Fig.15 is a-schematic transverse crosd4sectional view show ng the process
of formng a.lower gap |ayer. Fig.16 i's a schematic transverse
cross-sectional view showi ng the process of fornmng a protective | ayer and
a thin-filahongywhithcrint heoMmagnmadaer o esd KtaMed 18if c8f FROWR B FFPYi s a
schematic transverse cross-sectional  view shgow n tPe [ 0CLss of fOLni%g a
dRERaelEnE

phot or esi t gf Bi&de- s esRaBRe toT §S 18031, od 1§ [gemprise

ansver se

cross-sectipnal view shaw,ng the,state.in.whj t rotecti 1 d
the- magnetth doreEap b i aafiop Frdek, 8 B Ll o o 2ugoh; ¥on BB AR
transver Seir%lplsasﬁi%%ctiw YheVKn%hOW Mlgnetoresistance effect layer' 13,

layered together, as shown in Fig.4. The magnetoresistance effect
layer 13 is fed with the sense current, as described above, and
operates as a magnetically sensitive portion for detecting the
signals from the recording medium. The magnetoresistance effect
stabilizing layer 11 is magneto-statically coupled with the
magnetoresistance effect layer 13 for operating as a magnetically
sensitive portion for detecting the signal from the recording
medium. On the other hand, the magnetoresistance effect stabilizing
layer 11 is magneto-statically coupled with the magnetoresistance
effect layer 13 for contributing to improving magnetic stability
of the magnetoresistance effect layer 13.

On both lateral sides of the magnetoresistance effect
stabilizing layer 11 are arranged the 'non—magnetic insulating
layers 4, so that. the magnetoresistance effect element 3 is buried
in this non-magnetic insulating layer 4. The non-magnetic
insulating layer 4 is exposed on the surface of the MR head along
which slides the magnétic recording medium apd hence is preferably
formed of a material superior in sliding characteristics, such as
Al;0s, Si0O: or SiNx, such as SisNs.

The magnetoresistance effect layer 13 and the electrodes are

connected at either ends on the upper surface of the
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t he process of form ng a non-magnetic insulating |ayer. 10 Fig.20 is a
schematic transverse cross-sectional view showing the state in which the
phot oresi st and-the non-magnetic insuldting |ayer thereon have been
renoved. Fig.21-s a‘'schematic transverse cross-sectional view show ng-the
state in which the photoresi st and the non-nmagneti ¢ nsul ati-ng | ayer - :
t hereon have been renoved. Fig.22 is alschematic transverse cross-sectional
V|eM/shomnng the process of form ng a non-magnetic insulation |ayer and an
aperture. Fig.23 is a schematic transverse cross-sectional view show ng the
process of mégmemtorgsds camckuctfde ckagybemdrar 3t hepseifseaduy; etle wresgnducface
| ayer for the bias current and a non-magnetic insulating |ayer.
of the magnetoresistance effect layer 13 and the upper gap layer
9 are electrically connected at the leading end 3a of the
magnetoresistance effect film 3, as shown in Figs.3 and 4, while
the upper surface of the magnetoresistance effect layer 13 and the
conductor layer for the sense current 6 are electrically connecfed
to each othér at the trailing end 3b of the magnetoresistance
effect film 3, as shown in Fig.l. The magnetoresistance effect
stabilizing layer 11 has its lateral surface and its upper surface
insulated by the non-magnetic insulating layer 4 and by the non-
magnetic insulating 1layer 12, respectively, so that no sense
current is allowed to flow through the stabilizing layer 11.

With the MR head, employing the magnetoresistancé effect
element 3, since the magnetoresistance effect layer 13 is
magnetically coupled with the magnetoresistance effect stabilizing
layer 11, the magnetoresistance effect layer 13 is improved in
magnetic stability, thus reducing the Barkhausen noise.

Moreover, with the present MR head, the sense current is
supplied only to the magnetoresistance effect layer 13 and only the
magnetoresistance effect layer 13 operates as a magnetically
sensitive portion. Therefore, with the present MR head, the
thickness contributing to the playback output is solely the
thickness of the magnetoresistance effect layer 13. Thus, with the

present MR head, the thickness of the portion contributing to the

playback output may be reduced to one—half of that with the



Fig.24 is a schematic transverse cross-sectional view showi ng the process
of formng an upper gap layer and an upper layer shield. Figs.25 to 27

il lustrate-another producti.on process-of the MR head shown in Fig.1, where.
Fig.25 is. a schematic front view showing the state in which a photoresi st
has been.forned on the | ower gap |ayer, the nmagnetoresistance effect

el enent and on the protective | ayer. Eﬁg 26 shows the step next to the step
of Fig.25 and shows the state in which the photoresist has been formed on

t he non-nmagnetic i.nsulating |ayer. Fig.27 shows the step next to the step -
of Fig.26candentions]l dovbkesiayies MR bgath Btyhée%‘ﬂ?lf’%fcéhﬁaéhb‘él@f?sﬁl ShatPSed”

by etchback. Fig.28 illustrates still anofher production proges MR
head Shov\ﬂagﬁeppgeilsgm n@f@ehcet S{%Q{%r hBV\ﬁPB éb%%lhn%mtcﬁe?ﬁ %l@;bggﬁ

output, the current density of the sense current may be increased,
thus enablihg the high playback output.of the MR head to be
produced.

The magnetoresistance effect element 3 employed %n such MR
head is explained in further detail.

The magnetoresistance effect element 3 is comprised of the
magnetoresistance effect stabilizing layer 11, the non-magnetic
insulating layer 12 and the magnetoresistance effect layer® 13,
layered together, as explained above.

Thé non-magnetic insulating layer 12 disposed between the
magnetoresistance effect stabilizing layer 11 and the
magnetoresistanée effect layer 13 needs only be formed of an
electrically insulating non-magnetic material, such as Al:0s.
Although a thinner film thickness of the magnetoresistance effect
stabilizing layer 11 is preferred for reducing the gap width, it
is necessary for the non-magnetic insulating layer 12 to have a
film thickness not less than approximately 10 nm in view of the
necessity for maintaining insulation between the magnetoresistance
effect stabilizing layer 11 and the magnetoresistance effect layer
13.

The magnetoresistance effect layer 13, 6n'the other hand,
needs only to have a magnetoresistance effect film exhibiting the

magnetoresistance effect. Thus it may be comprised only of the



I nsul ating | ayer has been fornmed on the | ower gap | ayer, the
magnet or esi stance effect el enment and on the protective layer. Fig.29 shows
the step next .to the step-of Fig.28 and shows the .state in which the.:
surface ‘has been pl anari zed by surface grinding. Description of the
Preferred Enbodi nents Referring to the drawi ngs, preferred enbodi nents of
the present invention will be explaineqﬁ.n detail. The present invention
i's,. however, not linmted to these specific enbodi nents, but may conprise
optional nodifications as to. the shape or the material type wthout

departi ng’ MRERPERECSEDIANGS afifecitndénmi orucReFetifity ©oF EOGPZispfieo! the

thin-filmnmagneti c head enbodying the, present inventjon is an head
havi ng a nB§BBEEPERT LILARCE eFFéE?tfiFhﬁPncFﬂﬁPngaﬁ H%Hﬂ%tofggwgﬁangg et ect

stabilizin n?g¥?£aiggri%$grhgggmggcgg?es & liqwer shield layer 1 and a | ower
0 e

gap |ayer Z'Tormne | ower "shrerd’ layer '1. The MR head al so incl-udes a
”agnetores'Stan%%reféfﬁﬁhgekﬁgeﬁkﬁﬁeé%%%éﬁéUMﬁb@BG@?EéE 14ydd atddreheapeg . 4

formed on a | ower gap layer 2. The MR head al so includes a protective |ayer

5 formed o+t h@iperti @ Oofhd henaegnetifgest Siingermed e.g., of Ta, the
magnetoresistance effect film may have (111) orientation for
iowering the resistivity of the magnetoresistance effect film.
Since the lowering of the resistivity of the magnetoresistance
effect film means the lowering of. the impedance of the
magnetoresistance effect film, as explained previously, the-
‘playback output of the MR head may be improved by providing such
underljing layer.

The magnetoresistance effect stabilizing layer 11 is a layer
used fdr improving magnetic stability of the magnetoresistance
effect layer 13 and it suffices if-the layer 11 is capable of
producing the magnetostatic coupling action witﬁ respect to the
magnetoresistance effec£ layer 13. Thus the magnetoresistance
effect stabilizing layer 11 may be formed only by a hard magnetic
film lla of, for example, CoPt, CoPtCr or CoNi; as shown in Fig.5.
Alternatively, it may be formed by a hard magnetic film 11b of, for
example, CoPt, CoPtCr or CoNi and a soft magnetic film llc formed
of a soft magnetic film, such as NiFe or NiFe-X, where X is ta, Cr
of Nb, layered together, as shown in Fig.6. Still alternatively,
it may be comprised of a diamagnetic film 11d formed e.g., of FeMn

or NiO, and a magnetic film lle, formed e.g., of Co, NiFe or NiFe-



effect elenent 3 other than that on a | eading end 3a and a trailing end 3b
thereof, and a conductor |ayer for the sense current 6 fornmed on the
tralllng end 3b of the nagnetoresistance effect elenent 3 onto above the .
non-magnetic insulating .layer 4 for - ~ 12 connection to-the trailing end 3b
of. the magnetoresistance effect element’ 3. The MR head al so includes a .
non-nmagnetic insulating layer.7 fornpgl on the nmgnetoresistance effect -

el enent 3-and on the conductor |ayer for the sense current 6, and a
conductor layer for the bias current 8 forned in the non-nagnetic

i nsul ati ng .l agpere7 X ds Ber £yi-ag Nhe rapredortegesbancea of R gifededds - é‘
The MR head al so includes an upper gap layer 9 forned from above the
| eadi ng erf®93&-of the nagnetoresistance effect element 3 to above the non-

Hggg?tbgplrzygﬁtlnge Q%netzrgggs ancJOpgfecpl é%lHq ?ﬁgjlaye rQ?dlgnatﬁg%d

magnetic layer 1lla, as shown in Fig.3, the hard magnetic film lla,
" magnetized so that the directién of magnetization Ja corresponds
to the track width direction B, is used so that the static magnetic
field will be produced by the hard magnetic film lla in the track
width direction B of the MR head. Thus, by the magnetostatic
coupling with the magnetoresistance effect stabilizing layer 11
formed by the hard magnetic film 1lla having the direction of
magnetization Ja corresponding to the track width direction B, the
direction of magnetization J of the magnetoresistance effect layer
13 is also aligned with the track width direction B, such that the
magnetoresistance effect layer 13 is of the sole magnetic domain.
The result is that the magnetoresistance effect layer 13 operates
stably without the noise being generated due to, for example,
magnetic wall movement.

If the magnetoresistance effect stabilizing layer 11 is the
hard magnetic layer 11b and the soft magnetic layer 1llc layered
together, as shown in Fig.4, the hard magnétic film 11b, magnetized
so fhat the direction of magnetization Jb corresponds to the track
width direction, is used so that the static magnetic field will be
produced .by the hard magnetic film 11b and the soft magnetic film

.1lc in the track width direction B of the MR head. At this time,

the direction of magnetization Jc of the soft magnetic film 1llc is
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In the above MR head, the |ower shield |layer 1 and the |lower shield |ayer
10 are fornmed of a magnetic material and the | ower gap layer 2 is forned of
a non-magnetic insulating material, while the upper gap Iayer 9 is-
fornmed. .of a non-magnetic. electrlcally conductive material. The l-ower
shield Iayer 1, upper shi-eld layer 10, |ower -gap |ayer -2 and t he upper gap
| ayer 9 operate for preventing the- magnet i-c field other than that to be
reproduced from bei ng seized by t he magnet or esi st ance -effect ¢l enent 3.

That is, since.the lower shield |ayer 1 and the upper shield | ayer 10 are
di sposed abhﬁ/esaﬁﬁdabemﬁwqlﬁécr‘ragheﬁ)mmsttahéél‘é‘f fErto ff ithg, Leadt hess iy

gap layer 1 and the u gap layer 9, the signal magnetic field fromthe
magnet i c r&tHP cﬁlﬁ’g P?eg’F rﬁ"ﬁf‘ﬁ@ﬁet‘l’%"ﬁa{tﬁ&f‘ t6°béh?'éptr}tfdlf€é& PeERBhHuCt P t o

t he | ower el d er and the.u peL sh eld 1 lle only
magneti c f?gfdoP e repro&'uc’défcmE if ?ﬁﬁ?ﬁ n%%éﬁggfg an%é“%n%ect

el ement 3. magnetic pole of the hard magnetic film 11b and

magnetoresistance effect layer 13. This causes the direction of
magnetization J of the magnetoresistance effect layer 13 to be
aligned with the track width direction B so that the
magnetoresistance effect layer 13 is of the sole magnetic domain.
The result is that the magnetoresistance effect layer 13 operates
stably without the noise being generated due to, for example,
magnetic wall movement.

In general, if the hard magnetic film is magnetized in the
film plane direction, it is difficult to élign the direction of
magpetization of the hard magnetic film completely in the plane
direction, such ;hat some components of magnetization are not
aligned in the plane direction. Therefore, thé components of
magnetization perpendicular to the hard magngtié film 11b are
usually contained iq’the components of magnetization of the film
11b. These perpendicular components of the magnetization represent
the factors detrimental to the magnetic stability of the
magnetoresistance effect layer 13. However, by constituting the
magnetoresistance effect stabilizing layer 11 by the hard magnetic
film 115 gnd the soft magnetic film 1llc, the perpendicular
components of magnetization of the hard magnetic film 1llb are

interrupted by the soft magnetic film 1llc, thus eliminating the
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13 The conductor |ayer for the sense current 6 and the upper gap |layer 9
beconme a pair of electrodes connected to both ends of the magnetoresistance
effect elenment 3, and operate for supplying the sense current to the
nmagnet oresi stance effect element 3: Specifically, the trailing end 3b-
and-the | eading.end 3a of the nagnetor@8i-stance effect-elenent 3 are

el ectrically connected to the conductor-layer for the sense current 6 and
to the upper gap |ayer 9, respectively. In detecting the signal nmagnetic

field fromthe magnetic recordi-hg nedi um .the sensge curr.en |s su pli vi a
these |ayérsoreo °ﬁﬁ§rﬁé§ﬁetBF%g?%{%&cema%ﬂ?%kﬁ s ﬁﬁ?ﬁt Ré R 58

rragnetore5|stancee ect effec%nq o §3 S made up of a
nagnetore§ﬁ§P5585 ? stab|I|2|n6 Fayer a non-magnetic insulating |ayer

and a magnet or ggi %L@f}&aegn%ftfo%sg L BMfle elf@xz%esdtébqqetzhﬁg 1% aheis exindianed.

The sense current 1s supplied only to the nmagnetoresi stance effect |ayer.
The condugforiday®iadddndtie FHiasm quidr eitd Sihd aid@k tie tfidmarke melgneiried

insulating |ayer 7 for overlying the nagnetoresistance
together, as shown in Figs.7 and 8, yhe direction of magnetlzatlon
Je of the magnetic film 1lle is fixed by the exchange operation of
the diamagnetic film 1le and the magnetic film lle. The direction
of magnetization Je of the magnetic film lle is fixed so as to
correspond to the track width direction B of the MR head. For
fixing the direction of magnetization Je in this manner, it
suffices to form the diamagnetic film 11d in a pre-set magnetic
field, or to perform annealing in a pre-set magnetic field after
formation of the diamagnetic film 11d. By fixing the direction of
magnetization &e of the magnetic film 1le in this manner in the
track width direction B, the direétion of magnetization J of the
magnetoresistance effect layer 13 is also aligngd with the track
width direction B by the magnetostatic coupling effect between the
magnetoresistance effect stabilizing layer 11 and the
magnetoresistance effect layer 13, so that the magnetoresistance
effect layer 13 is of the sole magnetic domain. The result is that
the magnetoresistance effect layer 13 operates stably without the
noiée being generated due to, for example, magnetic wall movemént.
If the magnetoresistance effect stabilizing layer 11 is made up in
this manner of the diamagnetic film 11d and the magnetic film 1lle,

layered together, the diamagnetic film 11d may be layered on the
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effect elenent 3, is used for applying the bias magnetic field across the
magnet oresi stance effect film3. That is, when detecting the signal

magnetic ficeld fromthe magnetic recording medium the current is.caused to
fl.ow-t hrough. t he -conductor .| ayer for the.bias current 8 for.inpressing the
bi as magnetic fi-el d acr-oss-the. magneto??si stance effect elenment 3 for

achi eving a hit gher magnet oresi st-ance effect. Fig.2 shows such MR head

| ooking fromthe surface 't hereof 14 al ohg which runs the nmagneti c.
recording nmedium- as shown by arrow A in Fig.3. The nagnetoresi stance

ef f-ect eI efepretdiq §1i éBan'sé‘d‘ éf’°‘ann’efgrfétgo?es?§t'a*}fcé“a§1nleééf §t‘é\'B|H%|"h’@’

| ayer non- magnetic. i I%tln ] ayer %gn etor SIS ance effect
| ayer gﬁyg?’é‘?ﬂr%;é’é’t hé’ § §ﬁr6%h 1§ rf Mg 14 %E t'8r sigs ance effect
layer 13 s fedTﬂ%tJLnsq%1§§9§ o{“%h%eﬂkgnéE%é$§§SEA&%&*é¥¥@%% f@@ﬂ 3 having
the magnetoresistance effect stabilizing layer 11 is now explained
in comparison with that of the conventional double-layered magneto-
resistance effect element.
If the film thickness of the magnetoresistance effect layer
13 of the magnetoresistance effect film 3 is set so as to be equal
to that of the magnetoresistance effect film of the dual layer
magnetoresistaﬁce effect element, no sense current flows in the
magnetoresistance effect stabilizing layer 11 of the
magnetoresistance effect element 3, so that the cross-sectional
.area S of the portion of the magnetoresistance effect element 3
through which flows the sense current 1is one~half the c¢ross-
sectional area S of the portion of the. double-layer
.magnetoresistance'effect element through.which flows thelsense
current. Thus the curreﬁt density of the sense éurrent flowing
through the magnetoresistance effect elément 3 is approximately
twice that of the sense current flowing through the double—layef
magnetoresistance effect element. The resuit is that, for the same
amount of the sense current, the playback output C by the
magnetoresistance effect film 3 is approximately twice the playback
output D by the conventional.double—layqr magnetoresistance éffect

element, as shown in Fig.9.

‘
Meanwhile, the sensitivity of the magnetoresistance effect



operates as a nagnetically sensitive portion for detecting the signals from
the recordi ng nedium The magnetoresi stance effect stabilizing layer 11 is
magnet o-statically coupled with the magnetoresistance effect | ayer 13 for
operati.ng as a magnetically sensitive -portion for-detecting the signal from
the recording medium . On the other han t he magnet or esi st ance effect
stabilizing layer 11 is magneto-staticafly coupled with the

magnet or esi'st ance ef f ect Iayer 13 for contributing to inproving magnet i c
stability of the magnetoresistance effect |ayer 13. On both lateral sides

of the nmagnetear asi sitsaneerebkatédsbabiVij nphdrayeV 1% arehamganpedvé hemge
non- magneti c insulating |ayers 4, so that the magnetoresistance effect

el ement 3 dordsyriehén cHies thefAemagrraninecitedul ate ngbPaPer endstheof  the
non-magnetic insulating |layer 4 is exposed on the surface of the MR head

al ong whi d‘FF%'}qttfé?stlﬁéaﬁﬁ@n‘éff%c? ek P AFAINReEnEYnEREES TR DT e?fé?‘bﬁﬁi/
such as [ 41 B i Wt TRe GPREP SO hnEle cF FEET ey gt pR” oFBE 1ML ar e

' the ratio value, the higher becomes the sensitivity of the

magnetoresistance effect layer 13. However, with the conventional

double—-layer magnetoresistance effect element, it has not been

possible to control the sensitivity since the latter is determined

by the self-bias effect by the sense current. Conversely, with the

magnetorésiétance effect filh 3, the strenéth of the magnetic

energy supplied to the magnetoresistance.effect layer 13 can be

controlled by varying the film thickness or the material type of

the magnetoresistance effect stabilizing layer 11 or by varying the

film thickness of the non-magnetic insulating layer 12. Thus it

is possible with the magnetorgsistance effect film 3 to control the

magnetic energy so that én optimum magnetic energy will be supplied

to the magnetoresistance effect layer:13 for thereby improving the

sensitivity of the magnetoresistance effect stabilizing layer 11.

With the magnetoresistance effect element, employing the

magnetoresistance effect stabilizing layer 11, in distinction from

the double-layer magnetoresistance effect element employing the

self-bias effect, the magnetic energy is supplied even to both end

portions of the magﬁetoreéistance effect layer 13 designed for

carrying the electrodes, for thereby stabilizing the

magnetoresistance effect layer 13. Thus, by using the
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connected at either ends. on the upper surface of the 15
magnet or esi stance effect element 3. Specifically, the upper surface of the
magnet or esi stance effect layer 13 and the upper gap layer.9 are.
electrically connected at the -leading end -‘3a of the’
magnet or esi stance effect film3, as shgwn in Figs.3 and 4, while the upper
surface of the.magnetoresistance effect |ayer .13 and the conductor | ayer
for the sense current 6 are electrically connected to each other .at the
trailing end 3b of the nmagnetoresistance effect f.ilm.3, as shown |n Fig. 1.
The rragnéﬁftﬁrf\?stloé‘ﬁﬁh%ba@fef &éfest atiabidiiayns alareni t thad b i P&CPRER 2GS 1ubrlfeace
and its u yrface, i nsul atgg]r

h
by the noﬁ Srf'& AdtFE Tifs MPEPPRY T%sgra%igonres egttak'glé:{h,gql %tlhEgVé AYPIene and

at no sense

current élggépwﬁhn%gnghg ﬁggpﬂgn;the stab|I|2|ng | ayer 11. Wth the MR
npl oyi ng t

head, e nmagnet or esi stance effect
With the above—described magnetoresistance effect film 3, it

is desirable that the magnetoresistance effect stabilizing layer
11 and the magnetoresistance effect layer 13 be magneto-statically
coupled to each other for magnetically stabilizing the
magnetoresistance effect layer 13 operating as the magnetically
sensitive portion of the MR head. However, if the magnetostatic
coupling between the magnetoresistance effect stabilizing layer 11
and the magnetoresistance effect layer 13 is weak, the
magnetoresistance effect layer 13 is not magnetically stabilized
sufficiently. The strength of the magneto-static coupling depends
on the ratio of the amount of the total saturation magnetic flux
$1 of the magnetoresistance effect stabilizing layer 11 to the
amount of the total saturation magnetic flux ¢2 of the
magnetoresistance effect layer 13. In this consideration, the
relation between the above ratio and the magnetoresistance effect
of the magnetoresistance effect layer 13 was checked. The results
are shown in Figs.10 to 13.

Fig.10 showing the magnetoresistance effect of the
magnetoresistance effect layer 13 for the ratio of the total
saturation magnetic flux density ¢1 of the magnetoresistance effect
stabilizing layer 11 to the total saturation magneticlflux density

$2 of the magnetoresistance effect layer 13 of 0.50:1. Figs.1ll to



el ement 3, since the magnetoresistance effect layer 13 is magnetically
coupled with the nmagnetoresi stance effect stabilizing |ayer 11, the

magnet or esi st ance -ef f ect layer 13 is inproved in nmagnetic stability, thus
reduci'ng the Barkhausen noise. Mreover; wi-th the present MR head, the

sense current is suppli-ed only to the nagnetoreSIstance ef fect Iayer 13 and
only- t he magnetoresi stance effect |ay@4 13 operates as a magnetical |y~
sensitive portion. - Therefore, wth the present. MR head, the thickness
contributing to the playback output is 'solely the thlckness of. the

magnet or eéB sthpee Eﬁqeﬁﬁmqeﬂﬂﬂnefsre¥hﬁ§anmﬁt?ﬁt?ﬁi ﬁFﬁééﬁF vRIHBSJOf ¢ hRe
t hi ckness of the portion contrlbutln tQ the

b
reduced eBOWh&AtdPrs °f of - TY Hat lwlt"hn theé 1 g éﬁ??bﬁ%\o do%IHI%%aggrtR/R
oA By IESHA0 b8 LOL CRG ! LBGIRINELRLES ShENCErELL AL H  BY *End3
contributirng to °t Re p R

fay ac put e current density of the sense
current n@¥t9§héf“ﬂ@%ﬂ§€gc field and the rate of change of re31st1v1ty ap/p

‘of the magnetoresistance effect layer 13 by the magnetoresistance
effect, respectively.

As may be seen from Figs.10 to i3,.the waveform of the
magnetoresistance effect undergoes significant hysteresis for pl/p2
< 1, while remaining staﬁle for pl/p2 = 1. That is, for a larger
value of the total saturation magnetic flux ¢1 of the
magnetoresistance effect stabilizing layer 11, the
magnetoresistanée effect of the magnetoresistance effect layer 13
is stable, while the noise is reduced.

The relation between the total saturation magnetic flux
density ¢1 of the magnetoresistance effect stabilizing layer 11 and
the total saturation mégnetic flux density ¢2 of the
magnetoresistance effect layer 13 is now explained.

As the track width becomes smaller, the shape of the
magnetoresistance effect elemept 3 is such that the length F of the
magnetoresistance effect element 3 in a direction perpendicular to
the track width direction E of the MR head, that is along the depth
of the element 3, is longer than the length E thereof along the
track width direction E, as shown in Fig.14. The length of the
element along the depth of the elemeﬁt 3 is referred to hereinafter

as the length along the direction of the magnetically sensitive
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t hus enabling the high playback output of the MR head to be produced. The
magnet or esi stance effect elenment 3 enployed in such MR head is explained in
further detail. The nmagnetoresistance ‘effect-elenment 3°is.-conprised of the
magnet or esi st ance effect stabilizing |ayer 11, the non-nagnetic insul ating
| ayer 12 and t he magnet or esi.stance effect- {ayer -13, |ayered together, as .
expl ai ned above.- The non-nagnetic insulygting |layer 12 disposed between the-
magnet oresi stance effect - stabilizing- “layer 11 and "the :
magnet.or esi stance effect |ayer 13 needs only be fornmed of an electrically-

i nsul at i nPardr-aragnéti ctinist empghe tenehi starcer r L {&¢ t hougimea tt hBanert fiikm

t hi ckness of the magnetoresistance effect stabilizing layer 11 is preferred
for reduci®iffefdedap tWhirdt h,thiet i nesdd8Bar Y ff oMeEBRELABAL HAfneli c °fnstP4t i ng

| ayer 12 to h%\{gra fé mthiecfjr%%e' s ,not I et%a apprloxi n tel 1%3”_@ ian Vi ew

of the nedlEIRETTPOS IR AT ARLBFatf oI Htdert CABERughER oS i Grihce

effect stahidiZzidGek@ysh #1 ang §06,JRANG! QG818 BHCHe C6F ESItd AW shape
anisotropy along the direction of the magnetically sensitive
portion F. This is ascribable to the diamagnetic field j, equal
to the amount of total saturation magnetic flux of the
magnetoresistance effect layer 13, and which is generated along the
track width direction E. With the above magnetoresistance effect
element 3, this diamagnetic field j is canceled by the magnetic
field J11 produced by the magnetic flux emanating from the
magnetoresistance effect stabilizing layer 11.

However, with ¢1 { $2 < 1, the diamagnetic field j cannot be

canceled satisfactoriiy, so that the direction of magnetization J
of the magnetoresistance effect layer 13 is oriented along the
direction of the magnetically sensitive portion F, as a result of
which the above-mentioned hysteresis is produced. For ¢1/¢/2 = 1,
the diamagnetic field j should be cgnceled theoretically. However,
due to fluctuations produced at the time of film formation, some
hysteresis may be left. It is theréfore desirable that the
relation between the total saturation magnetic flux density ¢1 of
the magnetoresistance effect stabilizing layer 11 and the total
saturation magnetic flux density 42 of the magnetoresistance effect
layer 13 be such that $1/¢2 > 1.

For realizing the above relation of ¢1/¢2 > 1, it |is



13. The mmgnet oresi stance effect |ayer 13, on the other hand, needs only to
have a magnet oresi stance effect film exhibiting the magnetoresistance
effect. Thus it ‘'may be conprised only of the - 17 nmagnetoresistance -effect
film such as NiFet.or conpri sed of the rmagnetoresistance effect- film.
such .as N Fe, fornmed on an underlayinglayer forned e.g., of-Ta.. For
forming the magnetoresistance effect Rsyer, formed e.g.,  of N|Fe on the

underlying frimformed e.g., of Ta, the nagnetore5|stance effect film may
have (111) orientation for Iomerlng the resistivity of the

magnet or esiugttandcenef f ecthé i f iMm Simicekrtdses Iod\/\érhleng!aefletshew e%f}as'tqexlletf;feéﬁ t he

magnet oresi stance effect filmneans the |owering of the inpedance of the
nmagnet or esitatbdrde iagf davet | bl &e exPl et iR b?egieodsalrﬁert_h an the film

thickness of the magnetoresistance effect layer 13, or if the
magnetoresistance effect stabilizing layer 11 be formed of a
material having a larger value of the magnetic flux density Bs.

The method for producing the above-described MR head is now
explained in detail.

For producing the above MR head, a lower gap layer 42 formed
of a non-magnetic insuléting material, such as Al;0;, is formed on
the lower shield layer 41, as shown in Fig.15. The lower gap layer
42 electrically insulates the lower  portion of the
magnetoresistance effect element formed by the subsequent step and
forms a magnetic gap below the magnetoresistance.effect element.

Then, as shown in Fig.16, a thin film layer 43, including the
magnetoresistance effect element, is formed on the lower gap layer
42, and a protective layer 44 formed of Al:0; is formed on the thin
film 1a§ér 43. This thin film layer 43 is etched during the
subsequent step to form the magnetoresistance effect element and
is comprised of a magnetoresistahce effect stabilizing layer 43a,
a non-magnetic insulating layer 43b, formed of Al:0s, an underléying
layer formed of Ta, and a Inagnetoresistance effect layer 43c
comprised of a NiFe film, layered together.

For processing the thin-film layer 43 to a magnetoresistance
effect element of a pre—-set shape, a photoresist 45 patterned to

a pre—-set shape is formed on the protective layer 44, as shown in



3 N

pl ayback output of -the MR head may be inproved by providing such underlying
| ayer. The magnetoresistance effect stabilizing layer 11 is a layer used
for inproving magnetic stability of the magnetoresistance effect |ayer 13
and it suffices if.the.layer 11 is capabl'e of -producing -the magnetostatic
coupling action with respect to the nagnetoresistance effect layer 13. Thus
t he magnetorési stance effect stabili z%ng | ayer- 11 may be formed only by a
hard magnetic filmlla of, for ‘exanpl CoPt, CoPtCr or CoNi, as shown in
Fig.5. Alternatively, it may be formed by a hard magnetic- f|Im11b of , for
exanpl e, GCoft.17CoRt Ger ovhiChNithanpratexafive mhgyret 4@ Bnd mliéLcthmﬁmdmoIaseersoft
magneti c fllm such as NiFe or NiFe-X, where Xis ta, G or No, |ayered

t oget her, 4% ashovmtihedrity. orst o maghe benees hadiapce; @fﬁﬁytbelerb%?i%?e“‘d df a
dlamagnetlc film1ld formed e of Fevnh or N O and a magnetjc film l1le,
fornmed e. ga pQﬁr366 hﬁ vagethe prrotective layer 44 forméd thereon, as

shown in Fig.18.

By previously forming the thin-film layer 43, inclusive of the
magnetoresistance effect element, and subsequently forming the
magnetoresistance effect element 43S of a pre—-set shape by etching,
the relative position of the magnetoresistance effect stabilizing
layer 43a is brought into full coincidence with that of the
magnetoresistance effect - layer 43c. Thus, with such
magnetoresistance effect eleﬁent 43S, ideal magnetostatic coupling
may be realized between the magnetoresistance effect stabilizing
layer 43a and the magnetoresistance effect layer 43c.

Then, as shown in Fig.19, a non-magnetic insulating layer 46
is formed for overlying the photoresist 45, protective layer 44 and
the magnetoresistance effect element 43S, while the photdresist 43
is left intact. Subsequently, the photoresist 45 is peeled and
removed, along with the non-magnetic insulating layer 46 formed on
the photoresist 45. After removing the photoreéist 45 and the non-
magnetic insulating layer 46, the surface of the non-magnetic
insulating layer 46 and the protective layer 44 is planarized by
polishing. In this manner, the magnetoresistance effect element 43S
and the protective layer 44 are buried in the non-magnetic

insulation layer 48, as shown in Fig.20 and in Fig.21 showing the

cross-section along line A-A in Fig.20.
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18 X, where Xis Ta, O or Nb, |ayered together, as shown in Figs.7 and 8.
I f the magnetoresistance effect stabilizing layer 11 is a hard nmagnetic
| ayer 1la, as shown in:Fig.3, the hard magnetic film 1la, magnetized so
that the direction of magnetization Ja corresponds to the track w-dth -
direction B, is used so that the static magnetic field-will be produced by
t he hard nagnetlc filmi1la in the traggk width direction B of the MR head.
Thus, by the magnetostatic coupling with the nmagnetoresistance effect
stabiI|2|ng |l ayer. 11 formed by the-hard magnetic film 11a having the
di rection of nébﬁ%t?%hfloﬁaﬁéeéo}+%%ﬁﬁﬁbﬂﬁ heg.t bR YR udk WhisdPhe gPF@EfFBn B,

t he directi.on of e ation J of .the nmn n oreS|stance ff
is al so a%%gned %H %eét%ac d?%oaﬁreb n%ﬁu:aﬁeﬁﬁ tE% ul% lng

magnet or e&hg&@n&@ @J%ﬁt tba¥@5n13uaé é;%a}gehQnSthcﬂagﬂ]gtrﬁ&rm%q]e@1s-£gﬁce

result is'that the nagnetoresistance ect |layer 13 operates stably
W thout tiaer@ekSelrdiyg GG ahedp@oklct il 1 &)L artaBRREea W8l khe

movenent .

non-magnetic insulation layer 46 may be realized very easily.
However, with the lift-off method, there are occasions wherein
surface roughness is'produced due to burrs produced in the edge
portions on peeling the photoresist, thus affecting magnetic
properties or insulating properties of the magnetoresistance effect
element 43S or worsening the shape of the upper gap layer or the
upper shieiding layer formed during the subsequent step. Thus it
is preferred that, after peeling the photoresist 45, the surfaces
of the non-magnetic insulating layer 46 and the protective layer
44 be polished for improving the surface state.

If the surfaces of the non—-magnetic insulatihg layer 46 and
the protective layer 44lare_polished after peeling the photoresist
45, the film thickness of the protective layer 44 should be
previously thickened fér taking into account +the amount of
polishing in the main process. If Al:0; is used as a material for
the protective layer 44, thg ultimate film thickness on the order
of 20 nm is desirable. Moreover, the polishing amount on the order
of 50 nm is'required for sufficiently planarizing the surface by
polishing in the main process. Thus, if the photoresist 45 is
peeled and subsequently the surfaces of the non-magnetic insulating

layer 46 and the protective layer 44 are polished, the protective



I f the magnet oresi stance effect stabilizing layer 11 is the hard nagnetic

| ayer 11b and the soft magnetic layer Ilc |ayered together, as shown in
Fig.4, the ‘hard magnetic film 11b, magnetized so that the directi.on of
magnet i zation Jb corresponds to the track width direction, 'is used so that .
the-static magnetic.-fi-eld will - be produced by the hard-magnetic film 11b
and the soft magnetic film1llc in the 29ack width direction B of the MR
head. At this time, thé direction-of ‘magnetization Jc of the soft magnetic
filmllc is 19 the same as the direction of magnetization Jb of the hard
magneti c fidyerlldn byf t hioexehange oparalj ons mioetihats liyhef ookt egreetfiidmf i |'m
11c operates for producing nagnetic coupling with respect to the magnetic
pole  of thheknassr Pn ndlpheeféer ¢f| AP nmlbandndhet Hd lmagvetfscesiist amee
effect layer 13.. This causes the direction of magnetization J of the
magnet or es? saRafdeeds PEcPo} bghing o1y fhgeorder of 50 nm by the main process

for providing the ultimate film thickness 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, not only the
magnetic characteristics and 1insulating properties of the
magnetoresistance effect element 43S may be improved, but also the
.upper shield layer to be formed by the subsequent process may
approach to the- ideal shape. .In addition, the frequency
characteristics of the MR head may also be improved.

Then, as shown in Fig.22, a new non—-magnetic insulating layer.
47 is formed on the non-magnetic insulating layer 46 and the
pgotective layer 44 and subsequently the protective layer 44 and
the non-magnetic insulating layer 47 on the rear end 43A of the
magnetoresistance effect element 43S are etched for forming an
aperture 48 for exposing the rear end 43A of the magnetoresistance
effect element 43S.

Then{ as shown in Fig.23, a conductor layer for the sense
current 49 is formed on the rear end 43A of the magnetoresistance
effect element 43S and on the non~magnetic insulating layer 47, so
that'the conductor layér wili be connected to the upper surface of
the magnetoresistance effect element 43S via the aperture 48 formed

in the previous step. In addition, a conductor layer for the bias
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aligned with the track wdth direction B so that the

magnet oresi stance effect layer 13 is of the sole magnetic domain. The

result is that the magnetoresistance effect |ayer 13 operates.stably, -

| wi t hout. the noi'se being generated due“to, for -exanple; magnetic -wal |
moverment. I.n general, if the hard magnetic filmis -magneti.zed in the film.

pl ane direction; it is difficult to aBPgn the direction of magneti zation of

the hard magnetic filmconpletely in the.plane. direction, such that sone
conponents of magnetization are.not allgned in the plane dlrectlo

There:ore?ufhEEEgﬂbdﬁéﬁF§“Gﬁ ﬁﬁgﬁé?l28P|5ﬁ3$ﬁﬁkﬁﬂﬁﬂ§ﬂﬂﬁéﬁnﬁo ?nghﬁgdf°r
magnetic film are usual cont d i th f

of 't he f.tPnEﬂ?marhéga SREDENar GOt S BRERTE SORTAt miaNer i ot cheedt ! on
represent .the factqr nt t

magnet or e&FEFEhte € ?%gg%ﬁaqg s&g%éh§%q%g%3 ?gng%?fﬂ%féiffgifdya

magnet or esi st apgey ef wc;h&arabﬂrl #1134 2XRE AdnDifa iy hArithsTGREbEC 1hibm 11D

and the soft magnetic fiim1llc, the perpendlcular conmponent s of

magnet i zaki Qnneh- hﬂ@n@ﬂiﬁ I&Kﬂnﬁﬂlﬁgfﬂhﬂbilb7aﬁﬁd the protective layer 44
on a leading end 43B of.the magnetoresistance effect element 43S
are etched for forming an aperture 52 for exposing the leading end
43B of the magnetoresistance effect element 43S. An upper gap. layer
53 is fqrmed on the léading end 43b of the magnetoresistance effect
element 43S and the non—-magnetic iﬁsulating layer 51 so as to be
connected to the upper surface of the magnetoresistance effect
element 43S via the aperture 52, and a upper shield layer 54 is
further formed thereon. -

After the above steps, the resulting structure is sliced to
form MR heads. Since the MR head is a read-only magnetic head, an
inductive head for recording may be layered on the MR head for
providing a recording/reproducing magneto head.

With the above-described method for producing the MR head, the
non-magnetic insulating layer 46 is formed, with the photoresist
45 being left intact, so that the magnetoresistance effect element
43S and the protective layer 44 will be buried in the non—-magnetic
insulating layer 46, and subsequently the photoresist 45 is removed
along with the non-magnetic insulating layer 46 on the photoresist
45, as shown in Figs.20 and 21. However, any other technique than

that described above may be used for producing the state in which
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interrupted by the soft magnetic film 1llc, thus elimnating the 20
factors otherw se produci ng nmagnetic instabilities I n t he
magnet oresi stance effect layer 13. If the magnetoresistance effect _
stabilizing.-layer 11-is forned by-the diamagnetic filmlid and t he magnetic
film1lle, layered together, as shown in Figs.7 and 8, the direction of - '
magnet i zati.on Je of the magnetic fil m3lle is fixed by the exchange
operation ,_of the_dl amagnetic film lle and the magnetic filmlie. The _
direction of nagnetization Je of the magnetic filmlie is fixed so as to
cor r esponthé maghe tbrasks vémdd efi freadt iedrmBnof 43HheanvR theagtroker t i Y&i ey athe
direction of magnetization Je in this manner, it suffices to formthe
di amagnet 44 414 rhutiigdi Anatpe enertmaBRAtdt d PEREPHINGII B¢ pEFTor m anneal i ng
in a pre-set nagnetic field after formation,of {he di ' '
fixing the dir§é§q§£4caﬂly, the non-magnetic insufatié% g%%96%5§ élfqggfi By
formed on the lower gap layer 42, the magnetoresistance effect
element 43S and the protective layer 44, and the ndn—magnetic
insulating layer may then be etched back, in order to produce such
a state in which the magnetoresistance effect element 43S and the
protective layer 44 are buriea in the non-magnetic insulating film. -
That is, after forming the magnetoresistance effect element
43S and the protective layer 44 as shown in Fig.18, and removing
the photoresist 45, a non-magnetic insulating layer 61 is formed
for overlying the lower gap layer 42, magnetoresistance effect
element 43S and the protective layer 44, as shown in Fig.25 which
is a view looking from the surface of the MR head along which
slides the magnetic recording medium. Then, as shown in Fig.26, a
photoresist 62 is coated on the non-magnetic insulating layer6l.
The photoresist 62 is coated to a thickness substantially equal to
or slightly smaller than the film thickness of the
magnetoresistance effect element 43S in portions other than that
overlying the magnetoresistance effect element 43S. As a result,
the film thickness of the photoresist 62 becomes thicker in
portions other than the portions overlying the magnetoresistance
effect element 43S, while becoming thinner in the portion overlying

the magnetoresistance effect element 43S. With the entire

surface being coated with the photoresist 62, the entire surface
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magnetizati on Je of the magnetic film lle i'n this manner in the track width

direction B, the direction of magnetization J of the nagnetoresistance

effect layer 13 is also aligned with the track width direction B by the

magnet ostatic coupling effect between. the magnetor esi st ance ef fect-

stabi | i zi ng layer 11 and - the nagnetoresistance effect layer 13; so

that the magnetoresistance effect | aye3213 is of the sole magnetic domain.

The result is that the nmagnetoresistance effect |ayer 13 operates stably

wi thout the noise being generated due to, for exanple, magnetic wall °

movenent . i$ fetdtedrdgretedabrskancéhef ¢ bching atftid Aoy thgyehoteresifd®? up

~in this manner of the diamagnetic film11d and the nmagnetic film lle,

| ayered t®Rfbtiher nopnpagiiedigghBen ke fingnleygrnfy BES | S{AETEDFuLf a0y @nd

magnetic film1lle asshovvni]zqFj .7, or_t magnetic fi)Jm.,1le. &

Tayored obht nEeBIBAREHELS LFTHTA THE ' LePehoie | RoF dhop, naent cbtEsTEYabfe
effect element 43S and the protective layer 44 is selectively
etched for reducing surface step differences for planarization.

As a result, the state is reached in.which the surface is
planarized and both the magnetoresistance effect element 43S and
the protective layer 44 are buried in the non-magnetic insulating
layer 61. The next following steps are the same as those described
in connection with the above-described MR head. .

For etchback, it 1is insufficient if the surface |is
substantially planarized, ﬁhile the non-magnetic insulating layer
61 may be left on the protective layer 44, as shown in Fig.27. If
the non-magnetic insulating layer 61 is left on the protective
layer 44, as shown in Fig.27, the non—magnetic insﬁlating layer 61
overlying the aperture 48 for interconnecting the conductor layer
49 for the sense current and the magneto-resistance effect element
43S and the aperture 52 for interconnecting the upper gap layer 53
and the magnetoresistance effect element 43S may be removed along
with the protective layer 44 for forming the apertures 48, 52 in
the subsequent step.

Aiternatively, for producing the state in which the
magnetoresistance effect element 43S and the pfotective layer 44

are buried in the non-magnetic insulating layer, the non-magnetic

insulating layer may be formed on the lower ‘gap layer 42,
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The sensitivity of the magnetoresi stance effect film 3 having the
magnet or esi stance effect stabilizing |layer 11 i's now explained in
conparison-with that of the cenventional double-|ayered magneto- resi'stance .
effect- elenent. ‘If the-filmthickness of the magnetoresistance effect |ayer
13 of the nmagnetoresistance effect film3 is 'set so as to be-equal to that ‘ -
of the magnetoresistance effect -fil mo33the dual |ayer nmagnet.oresi'stance
effect elenent; no sense current flows in the nagnetoresistance effect
st'abi i zing | ayer = 11 of the nmagnet oresi stance effect el enent 3, so
that the deEdsteseti dhancareld S torlenenpotis amdbitheherpbghkt vt estysiraée
effect elenent 3 through which flows .the sense current |s one-half the

cross- sectfitGifaPiclr bhe nep-magnetic dnsulatingavegs mayi Rg POYHIMI%- | ayer

magnet or esi st ange .ef fect _el nt. through which fl he sense .cufryr
Thus the curren adtenlssl't;?fgfe?ﬁghgéﬁ eylg%rr?%rieqfolrg\%\i\gég? ?’O?Jg eci%eele%%t

magnet or es{ $d Al t@lefl $5btELETRA 1 dyd S APHLXHIHhEY #Yk CFs | g Henld¥gngense

current flow ng through the doubl e-1ayer nmagnetoresistance effect el enent.

The resul ttié phédoresdlstt B8,SaMBon-magnetic insulating layer 71 is formed
for overlying the lower gap layer 42, magnetoresistance effect
element 43S and the protective layer 44, as shown in Fig.28 which
is a view looking from the surface of the MR head along which
slides the magnetic recording medium. Then, as shown in Fig.29, the
entire surface is ground for diminishing surface step differences
for planarization. This produces a state in which the surface is
subétantially planarized and both the magnetoresistance effect
element 43S and the protective layer 44 are buried in the non-
magnetic insulating layer 61. The next following steps are the
same as those describ;a in connection with the above—-described MR
head.

For polishing the non-magnetic insulating layer 71 in this
manner, it 1is. insufficient if the surface is substantially
planarized, while the non-magnetic insulating'layer 71 may be left
on the prbtective layer 44, as shown in Fig.29. If. the non-
magnetic insulating layer 71 is left on the protective layer 44,
as showh in Fig.29, the non-magnetic insulating Iayer 71 overlying
the aperture 48 for interconnecting the conductor layer 49 for the
sense current-and the magneto-resistance effect element 43S and the

aperture 52 for interconnecting the upper gap layer 53 and the
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anount of the sense current, the playback output C by the nagnetoresistance
effect film3 is approximately twi ce the playback output D by the

converiti onal * doubl e-| ayer- magnet oresi stance effect elenent, as shown in
Fig. 9. Meanwhile; the sensitivity of the magnetoresistance effect: 22
llayer 13 is represented by [err]'V/H, wgere [err]V is a change in voltage
acr oss the - electrodes - connected to. both - ends of - the o
magnet or esi stance effect |ayer 13- produced by resistance changes and Hi's
the strength-of the external nagnetic field. The larger the ratio val ue,

t he hi ghé?a%ésﬁ‘é?%”r@@e%if??mftlfmrntt HéSnagnekorragiovednedonti eith | talyear

13. However, conventi onal doubl e-1ayer esanetoremstance ef f ect

el enent , IfIE°theaf’“hVoet ﬁ%% Fpdésiif®e ifBr’Bb?ﬁréPetl”Pé’ A<eti gy 8%nde tHhe

latter is éggéaﬂ?nqegtgg the self-bias effect by the sense current.
Cbnversely,
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nmagnet or esi staWhe strength of the nmagnetic energy
supplied to the magnetoresi effect layer 13 can be controlled by
varyi ng the fil ‘\‘“mﬁm materi al typ of the npanet or esi st ance
ef fect stabili zi u y varying the fliTHi§ SHEER masspedy | he - - '
non- magnet.i ¢ i nsul#ating Iayer 12. Thus_it .i.s -possi b|f¢EPMLtEDt he AR
magnet or esi st.ance effect film3 to cod®rol the mEyettt—ehrergy—~sb that an
opti mum magnetic energy will. be supplied to the nagnetoreési stance effect
layer 13 for thereby inproving the sensitivity of the magnetoresistance

ef fect st@biiMsing layer-11. Wth the magnetoresistance effect el enent,

enpl oyi ng the nmagnetoresi stance effect stabilizing layer 11, in distinction
from the @bubm el | dyethinghéimreagngifc&eardf e8PPeI Mt enpl oyi ng t he

self-bias effect, th t d
o:‘ t he (rjragnet o?é%"r%‘tegﬂcﬁg%fesf%g‘f’glngflg%/ Hflaggf‘)%' i lf%\éregc;(r%rpegore%ngﬁggéé ons
el ectrodes

| ayer 18ttec tl.ﬁﬁ',ablll%ler{gemégersir?%+§17v'engf atﬁ%‘dnﬁggﬁépﬁesﬂﬁleéncg nof f ect

magnetic insulating layer and a magnetoresistance effect layer

inclusive of a magnetoresistance effect film, layered together;

a non-magnetic insulating layer arranged on a lateral surface
of said magnetoresistance effect element; and

a pair of electrodes connected to said magnetoresistance
effect layer on both ends of the upper surface of said magneto-
resistance effect element;

wherein the improvement resides in that playback signals are
detected by the magnetoresistance effeéﬁ of said magnetoresistance
effect layer.
Claim 2. The thin-film magnetic head as claimed in claim 1 wherein
the magnetoresistance effect stabilizing layer is formed by a hard
magnetic film and a soft magnetic film layered together.
Claim 3. The thin-film magnetic head as claimed in claim 1 wherein
the total amount of said magnetoresistance effect stabilizing layer
is larger than that of said magnetoresistance effect layer.
Claim 4. The thin-film magnetic head as claimed in claim 1 wherein
the thickness of said magnetoresistance effect sfabilizing layer
is larger than that of said magnetoresistance effect layer.
Claim 5. The thin-film magnetic head as claimed in claim 1 wherein

said magnetoresistance effect layer is comprised of a
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23 magnet oresi stance effect stabilizing | ayer 11 it beconmes possible to

stabilize fﬁé\ﬁﬁgne%gLengiggge ef fect Iaye t he el ectrode
nount i ng po Wth the above- descrlbed gbéﬁ§§1 effect film
3;- it is de %ﬂg MIIJH magnet or ési st ante ef LAQEQ\bl li 4i ng layer 11

and t-he.magnet ar fect Iaye§613 be nmagneto-statically coupl ed:

to ~each ot her for Smagnetically stabilizing t-he ‘magnet or esi st ance

effect |ayer 13 operatl ng as the magnet ircally sensitive portion of the MR
étore81

head. Howeyv nej pst at caupl i ng bet ween. t magnet.or esi st ance
effect’ sta%§ i Z1'Ng Isaf}‘falfg Ha)md t é’ﬁ@‘?grgg‘l R (B %lé’ﬁgq(?’éye? 1’3 i s
weak, thecfr@gpeg_orAes%ﬁtlﬂnﬁgl,?f,;f& t!1ac>’% agi3cb§ippg);1£r?gnet ically stabilized

sufficiently. The strengt magnet o-stati ¢ coupli ng depends on the

ratio of the agOid¥he®b-+8€idtalndk okl Ald1RRABINSI iz bl HXeh&iddekigkabbe
magnet or esi stance effect stabilizing layer 11 to the anount of the total

saturati oaeffemgrsttabd 1ikling 14wsr |ihclafsivenef a diamagnetic layer, a non-

magnetic insulating layer and a magnetoresistance effect layer
inclusive of a magnetoresistance effect film, layered together;

a non—magnetic insulating layer arranged on a lateral surface.
of said magnetoresistance effect element; and

a pair of electrodes cﬁnnected to said magnetoresistance
effect layer on both ends of the upper surface of said magneto-
resistance effect element;

wherein the improvement resides in that playback signals are
detected by the magnetoresistance effect of said magnetoresistance
effect layer.
Claim 7. The thin-film magnetic head as claimed in claim 6 wherein
the magnetoresistance efféct stabilizing layer-is formed by a
diamagnetic film and a magnetic film layered together.
Claim 8. The thin—-film magnetic head as claimed in claim 6 wherein
the total amount of the saturation magnetic flux of said
magnetoresistance effect stabilizing layer is larger than that of
said magnetoresistance effect layer.
Claim 9. The thin-film magnetic head as claimed in claim 6 wherein
the thickness of said magnetoresistance effect stabilizing layer
is larger than that of'said magnetoresistance effect layer.

Claim 10. The thin-film magnetic head as claimed in claim 6 wherein
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magnet or esi st ance In this consideration, the relation
bet ween the ab ] O and the nagnetore5|stance effect of the
magnetor-esi st am’# 13 was checked. The- resul ts are shown in :
Figs:10 to 13 the magnet or esi % N -of :
t he nagnetore5|stance e fe&t tayer 13 for ‘the raﬁi®§ @§ Eﬁ Eat-ur ati on
magneti‘c flux density [err]1 -of -t he #hgnet oresi §t.ance : stab l'i zi ng
|l ayer 11 to the total ‘saturation magnetic-flux density [err]2 of the

magnet or esi st ance effect layer 13 of 0.50:1. Figs.1l to 24 13 shows the
same magnd&tdPesi™ABNSERTEFEBERRFDr “EHE SFAI USRI t hbS abSPEPTASEE ofof. 75: 1,

1:1 and 1 ctivel In F| s,10.to.13, the sci ssa nd t

ordi nat e éﬁof %%éﬂ? ?%ﬁ?t%%fﬁ of f%e %ﬁf@?%afnn%%n%ﬁ$) *yﬁﬂ%j ?Hemrate
of change of resistivity [err]p/p of the nagnetore5|stance effect | ayer 13
by the nagnetoresi stance

[
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effect, respectively. As may be seen fromFigs.10 to 13, the waveform of
t he magnet or esi stance effect undergoes significant hysteresis for pl/p2 <
1, while remaining stable for pl/p2 [ert] ‘1. That is,.for a |arger value
of the total- saturation magnetic flux [err]l of the-

magnet or esj st ance effect . stabilizing. 1 ayer 11, t he

magnet or esi stance. ef fect of the magnetgresi stance effect layer 13 is
stable; while the noise is reduced. The relation between the total
saturation magnetic flux density [err}1l of the nagnhetoresistance effect
stabilizing layer 11 and tPeIN-FITAM MAGNErICAMEAD magnetic  flux
density J[err]2 of the magnetoresistance effect |layer 13-is now
explained. As the track width beconmes smaller, the shape of the
magnet or esj st an effect element 3 is such that the length F of the
nagnetore%?%T%% e effect elenent 3 in a direction perpendicular to the
track width difection E of i s, along the depth of the

. the MR head, that |

element 3, is o%%%ﬁeﬁﬁﬁﬁ§H?ﬁ@nfgnﬁgﬁeﬁttﬁgfﬁiﬁl%ﬂ(ﬂﬂfnﬁﬁéctpééﬁ #HBERior

direCtiOniE’mgﬁnngwmskghfiﬁkfl%nd Jlg%éfgugg1é§véﬁgging a high playback
power. The thin-film magnetic head has a magnetoresistance effect
stabilizing layer 11 inclusive a diamagnetic film or a hard
magnetic film, a non-magnetic insulating layer 12 and .a
magnetoresistance effect layer 13 inclusive of a magnetoresisfance
effect film, layered together to form a magnetoresistance effect
element 3. The thin-film magnetic head also has a non-magnetic
insulating 1layer 4 arranged on a lateral surface of the
magnetoresistance effeét element 3 gnd a pair of electrodes
connected to the magnetoresistance effect layer 13 on both ends of
the upper surface of the magneto-resistance effect element 3. The .
playback signals are detected by the magnetoresistance effect of

the magnetoresistance effect layer 13.
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el ement along the depth of the elenent 3 is referred to hereinafter as the
| ength along the direction of the magnetically sensitive 25 portion..
In this magnetoresistance effect elenment--3,. it is preferred that
the- direction -of nagnetization -J -of the nagnetoresistance effect:

| ayer 13 be fully aligned with the track width direction E. ‘It is however
liable to be orient ed by- shape ‘ani sotropy al ong the direction of the
nagnetlcally sensitive portion F. This is ascribable to the di amagnetic
field j, equal to the ampunt of total sayugation magnetic flux of the
magnet or esi stance effect layer 13, and which is generated along the track
w dth direction E© Wth the above nagnetoresistance effect element 3, this
di amagnetic field j is canceled by the magnetic field J11 produced by
the magnetic flux emanating from the nagnetoresistance effect
stabilizing |layer 11. ‘
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However, with [err]l < Jerr]2 < 1, the diamgnetic field j cannot be
cancel ed satisfactorily, so that the direction of magnetization J of the
magnet or esi stance effect layer 13 is oriented along the direction of the .
magneti cally sensitive portion F,. as a result of which the above-nenti oned
hysteresis is produced. For [err]1l/[err]/2 = 1, the diamagnetic field j
shoul d-'be cancel ed theoretically. However, due-to fluctuations produced at
the time of filmformation, sone hyste%Z Fs may be ‘left. It is therefore
desirable that the relation between't otal saturation magnetic fl ux
density [err] 1l of the magnetoresistance effect stabilizing layer 11 and the
total saturation nagnetic flux density [err]2 of the nagnetoresistance
effect layer 13 be such that 1/[err]2 > 1. For realizing the above
relation of [err]1/[err]2 > 1, it is 26 sufficient if the film

t hi ckness of the nagnetoresistance effect
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stabilizing layer 11 be selected to be larger than the film

t hi ckness of the nagnetoresistance effect layer 13, or if the
magnet or esi stance effect stabilizing layer 11 be fornmed of a materi al
havi ng ‘a | arger value of the magnetic flux density Bs. The method for
produci ng t-he above-descri-bed MR head is now explained in detail. For :
produci ng the above MR head, a-lower gap |layer 42 formed of a non-magnetic- -
insulating material, such as [err], igfm®med on the |ower shield |ayer 41,
as shown in Fig.15. The |ower gap Iayer 42 electrically insulates the
I ower portlon of - the magnetoresi stance effect-elenent forned by the
subsequent step and forns a magnetic gap bel ow t he magnet oresi stance effect
el enent. Thén, as shown in Fig.16, a thin filmlayer 43, including the
magnet or esi stance effect elenent, is formed on the | ower gap |ayer 42, and
a protective layer 44 formed of A1203 is formed on the thin filmlayer 43.
This thin filmlayer 43 is etched during the subsequent step to formthe
magnet or esi stance effect el ement and is conprised. of a nagnetore3|stance
effect stabilizing |ayer 43a,
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a non-magnetic insulating |layer 43b, formed of [err], an underlaying |ayer
formed of Ta, and a nagnetoresi stance effect |ayer 43c conprised of a N Fe
film |ayered together. For processing the thin-filmlayer 43 to a
magnet.or esi stance effect .el enent of a pre-set.shape, a photoresist 45
patterned to a pre-set shape is forned on the protective |ayer 44, as shown
in.. 27 Fig.17, after which the protective layer. 44 -and-the thin:film

| ayer 43 are etched to form a magnetq }f§istance ef fect elenment 43S of a
pre-set shape, having the protective 1ayer 44 forned thereon, as shown in
Fig.18. By previ-ously formng the thin-filmlayer 43, inclusive of the
magnet or esi stance effect el enent, and subsequently form ng the
magnet or esi st ance effect el ement 43S of a pre-set shape by etching, the
relative position of the nagnetoresistance effect stabilizing
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| ayer 43a is brought into full coincidence with that of the

magnet or esi st ance ef f ect | ayer 43c. Thus, wth such
magnet or esi st ance effect el ement 43S, ideal magnetostatic coupling may be.
realized between t he.magnetoresistance effect stabilizing | ayer 43a and the
magnet or esi stance effect | ayer 43c. Then, as shown in Fig. 19, a '

non- magnetic insulating layer 46 is formed for overlying the photoresist

45, protective layer 44 and the magnet®fH8i st ance ef fect el ement 43S, while
the photoresist 43 is left jntact. Subsequently, the photoresist 45 is.
peel ed and renoved, "along with the non-nmagnetic insulating | ayer 46 forned
on the photoresist 45. After renoving the photoresist 45 and the non-
magnetic insulating | ayer 46, the surface of the non-nmagnetic insulating

| ayer 46 and the protective layer 44 is planarized by polishing. In this
manner, the nmagnetoresi stance effect el enent 43S and the protective |ayer
44 are buried in the non-magnetic insulation |ayer 46, as shown in Fig.20
and in Fig.21 showing the cross-section along Iine A-Ain Fig.20.
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28 Wth the so-called lift-off nmethod, in which the photoresist 45 is
peel ed and renoved along with the non-magnetic insulating | ayer 46 forned
t hereon, the state in which the nagnetoresistance effect el ement 43S and
the protective |ayer 44 are buried in the non-magnetic insul-ation |ayer 46
may be realized very easily. However, with the lift-off nmethod, there are’
occasi ons wher.ein surface roughness irs produced due to burrs produced in

t he edge portions on peeling the photog?ahst, t hus affecting magnetic
properties or insulating properties of € magnet or esi stance effect el enent
43S or worsening the shape of the upper gap |ayer or the upper shielding

| ayer fornmed during the subsequent step. Thus it is preferred that, after
peel i ng the photoresist 45, the surfaces of the non-magnetic insulating

| ayer 46 and the protective |ayer 44 be polished for inproving the surface
state. If the surfaces of the non-magnetic insulating |ayer 46 and
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the protective |layer 44 are polished after peeling the photoresist 45, the
filmthickness of the protective |ayer 44 should be previously thickened
for. taking into.account the amount of .polishing in the nmain process. If =
[err] is used as a material. for the protective |ayer-44,--the ultimate film

t hi ckness on the order of 20 nmis desirable. Mreover, the polishing '
anount on the . order of 50 nmis required for sufficiently planarizing the-
surface by polishing in the main procgii - Thus, if the photoresist 45 is.
peel ed and subsequently the surfaces Phe non- magnetic insul ating |ayer.
46 and the protective |ayer ‘44 are polished, the protective =~ 29 |ayer 44
of, for exanple, A1203, is previously forned to a filmthickness on the
order of 70 nm and the filmsurface is then planarized by polishing on the
order of 50 nmby the main process for providing the ultimate film

t hi ckness of the protective |ayer
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44 on the order of 20 nm By polishing the surfaces of the non-nmagnetic
insulating |layer 46 and the protective layer 44 in this manner, not onIy
the magnetic characteristics and.insulating properties of the
magnet or esi st arice. ef f ect - el enent 43S may be inproved, . but also the upper
shield | ayer to be fornmed by the subsequent process .may approach to the

i deal shape. In addition, the frequency characterlstlcs of the MR head may
al so be i'nproved: Then, ‘as shown in Fi¢ a new non-nagnetic insul ating
| ayer 47 is formed on- the non-nagneti Fﬁsulatlng layer 46 and the
protective | ayer 44 and subsequently the protective | ayer 44 and the
non-magnetic insulating |ayer 47 on the rear end 43A of the '
magnet or esi stance effect element 43S are etched for form ng an aperture 48
for exposing the rear end 43A of the magnetoresistance effect el enment 43S.
Then, as shown in Fig.23, a conductor |ayer for the sense current 49 is
formed on the rear end 43A of the magnetoresistance effect elenent 43S and
on the non-magnetic insulating |ayer 47, so

C : MAGNETORESISTANCE EFFECT ELEMENT HAVING
STABILIZED MAGNETORESISTANCE LAYER

D : CONVENTIONAL TWO-LAYER MAGNETORESISTANCE
EFFECT ELEMENT

PLAYBACK
OUTPUT
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that the conductor |ayer will be connected to the upper surface of the
magnet or esi stance effect el ement 43S via the aperture 48 formed in the
previous step. In addition, a-conductor |ayer for the-bias - 30 current 50"
is formed on the non-magnetic insulating |ayer - 47 for -overlying-the
magnet or esi st ance effect el enent 43S On these |ayers, a non-magnetic
insulating layer 51 is further forned. Then, as shown in Fig. 24, the
non-magnetic insulating | ayer 51, non- etic insul ating layer 47 and the
protective |ayer 44 on a |leading end 43B of the magnetoresistance effect
el'enent 43S are etched for form ng an aperture 52 for exposing the |eading
end 43B of the magnetoresistance effect el enent 43S. An upper gap | ayer 53
is formed on the |l eading end 43b of the nagnetoresistance effect el ement
43S and the non-nmagneti c i nsufat+aAgrtayer—~5soras—terbe—copreeted to the
upper surface of the magnetorpsistapce effect 1 ____ b o=
I |
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el ement 43S via the aperture 52, and a upper shield layer 54 is further
formed thereon. After the above steps, the resulting structure is sliced to
form MR heads. Since the MR head is a read-only magnetic head, an inductive
head. for recording may be |ayered on the MR head for providing a
recordi ng/ r eproduci ng magnet o head.- Wth the above-descri bed met hod for _
produci ng the MR head, the.non-magnetic insulating layer 46 is formed, with
t he photoresist 45 being left intact, spoghét the nmagnetoresistance effect
el'enent 43S and the protective layer 44 will be buried in the non-magnetic
insul ating | ayer 46, and-subsequently the photoresist 45 is renoved al ong
with the non-magnetic insulating |ayer 46 on the photoresist 45, as shown
in Figs.20 and 21. However, any other technique than that described above
may - be used for producing the state[in mhjch ‘31
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t he magnet oresi stance effect elenment 43S and the protective |ayer 44 are
buried in the non-magnetic insulating |ayer 46. Specifically, the
non-magnetic insulating |ayer -may be-first formed on the l-ower gap |ayer
42, -the magnet oresi stance effect -el enent 43S and the protective |ayer 44,
and the non-nmagnetic insulating |ayer may then be etched back, in order to
produce such a state im which the magnet oresi stance effect el enment 43S and
the protective layer 44 are buried i LYH8 non- nagnetic insulating film
That is, after form ng the magnetoresi stance effect. el enent 43S and 't he
protective layer 44 as shown in Fig.18, and renoving the photoresist 45, a
non-magnetic insulating layer 61 is forned for overlying the | ower gap

| ayer 42, magnetoresi stance effect element 43S and the protective | ayer 44,
as shown in Fig.25 which is a view |l ooking fromthe surface of the MR head
al ong which slides the magnetic recording nmedium Then, as shown in Fig. 26,
a photoresist 62 is coated on the non-magnetic insulating |ayer 61. The
photoresist 62 is coated to a thickness substantially equal to or

slightly smaller’ than the film thickness of t he
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magnet or esi stance effect elenent 43S in portions other than that overlying
t he magnetoresi stance effect elenent 43S. As a result, the filmthickness
of the photoresist 62 becones thicker in portions other than the portions-
‘overlying the magnetoreésistance effect el ement 43S; .whil e beconing thinner
in the portion overlying the magnetoresistance effect el enent 43S
Wth the entire surface being Qoabgﬁ §|th t he photoresist 62, the:
entire surface 32'is etched fo.r e B&ck The etching rate for the
phot oresi st 62 and the non-nagnetic insulating |ayer 61 are sel ected
suitably and the non-nmagnetic insulating |ayer 6la on the
magnet or esi st ance effect el ement 43S and the protective layer 44 is

sel ectively etched f[C e |~Q£n ate e\ O\ Xerenges-4or pl anari zati on.
As a result, the stftg/T8 A CaCk zn’?' e acd i s planarized and
bot h t he nmagnet or esiigt anee e oty of offp 48 and
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the protective |ayer 44 are buried in the non-magnetic insulating |ayer 61.
The next follow ng steps are the sane as those described in connection with
t he above-descri bed MR head. For etchback, it is insufficient if the
surface is substantially .planarized; while the non-magnetic insulating

| ayer 61 may be-left on the protective layer 44, as shown in Fig.27. If the
non-magnetic insulating layer 61 is |left on the protective |ayer 44, as
shown in Fig.27, the non-magnetic insuliatiigg | ayer 61 overlying the "
aperture 48 for interconnecting the conductor |ayer 49 for the sense
current and the magneto-resi stance effect el enent 43S and the aperture 52
for interconnecting the upper gap | ayer 53 and the magnetoresi stance effect
el enent 43S nay be renoved along with the protective layer 44 for formng
the apertures 48, 52 in the subsequent step. Alternatively, for producing
the state in which the magnetoresi stance effect elenent 43S and the
protective |layer 44 are buried in the non-magnetic insulating |ayer, the
non-magnetic insulating layer may be foggd on the | ower gap |ayer 42,
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33 magnet.oresi stance effect elenment 43S and the protective |ayer 44, after
whi ch the non-magnetic insulating |ayer may be polished. That is, after
formi ng the nmagnetoresi stance effect el enment 43S and the protective |ayer
44 as shown in Fig.18, and renoving the photoresist 45, a non-nmagnetic-
insulating layer 71 is formed for overlying the | ower gap |ayer 42,
magnet or esi stance effect el enment 43S and the protective |ayer 44, as shown
in Fig.28 which is a view | ooking froml4hya8surface of the MR head al ong B
whi ch slides the nagnetic recordi ng nmedium Then, as shown in Fig.29, the
entire surface is ground for dimnishing surface step differences for

pl anari zation. This produces a state in which the surface is substantially
pl anarized and both the magnetoresi stance effect element 43S and the
protective |ayer 44 are buried in the non- magnetic insulating | ayer 61.
The next follow ng steps are the
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sanme as those described in connection with the above-descri bed MR head. For
polishing the non-magnetic insulating layer 71 in this manner, it is
insufficient if the surface is substantially planarized, mhlle t he
non-nagnetic insulating layer 71 may be left on the protective |ayer- 44,
as shown in Fig.29. |f the non- magnetic insulating layer 71 is left on
the protective |layer 44, as shown in Fi? ?Z t he non-nmagnetic insulating

| ayer 71 overlying the aperture 48 for R Pconnecting t he conductor | ayer
49 for the sense current and the magneto-resi stance effect el ement 43S and
the aperture 52 for interconnecting the upper gap |ayer 53 and the 34
magnet or esi stance effect elenent 43S may be renoved along with the
protective layer 44 for formng the apertures 48, 52 in the
subsequent step.
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35 What is clained is: 1. A thin filmmgnetic head conprising: a
sliding surface; a magneto-resi stance effect el enent extending fromsaid
sliding surface and forned of (1) a nagnetoresistance effect stabilizing

| ayer inclusive of a hard nmagnetic layer, (2) a non-magnetic insulating

| ayer fornmed of an electrically insulating non-magnetic material and having
a thickness of not less than 10 nm argkig3) a nmagnetoresi stance effect

| ayer inclusive of a magnetoresistance effect film |ayered together, the
magnet or esi st ance ef fect |ayer and nagetoresi stance stabilizing | ayer being
magnet o-statically coupl ed; non-magnetic insulating |ayers arranged on
opposite lateral surfaces of said magnetoresistance effect elenent; and a
pai r- of el ectrodes respectively connected to sai d nmagnet oresi stance effect

| ayer on opposite ends of an upper surface of said magneto-resistance
ef f ect

44 50 47 51 49

s 27N 7777

53— A 7
52 — ::;:.;::-'Cz':- o f‘. ...’ :.: Y, ..A-!"-.-...-.-\.' WA o R g
438 ".‘- '-_'::';‘i'i‘ o ‘_ .‘ .; 2 K :_ RN ; '..- ,::: ‘:-"=:':.:' t; ;::_.5_:;:-? 47

433\_,5\\\\\ \\\\ A Pt |
\\\\\\\ - —42

0

FI1G.24

44 43S

]

~—~
——

(

] [
41 42

FIG.25




- & N .
el ement; wherein playback signals are detected by the magnetoresistance
effect of said magnetoresistance effect |ayer. 2. The thin-film
magneti c head as clainmed in claim 1 wherein the magnetoresistance effect
stabilizing layer is fornmed by a hard nagnetic filmand a soft magnetic
filmlayered together. 3. The thin-filmmagnetic head as clainmed in
claim 1 wherein the saturated nmagnetic flux of magnetoresistance effect
stabilizing layer is greater than tha?/3B said magnetoresistance effect

| ayer. 4. The thin-fil mmagnetic head as clainmed in claim 1 wherein the
t hi ckness of sai d nmagnet oresi stance effect stabilizing layer is larger than
that of said magnetoresistance effect |ayer. 5. The thin-fil mnmagnetic

head as clainmed in claim 1 wherein said nmagnetoresi stance effect |ayer is
conprised of a magnetoresistance effect filmforned on an underlying thin
film '
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36 daim6. Athin-filmmagnetic head conprising: a nmagneto-resistance
effect el enment having a nmagnetoresistance effect stabilizing | ayer
i nclusive of a dianmagnetic |ayer, a non- magnetic insulating |layer and a
magnet or esi stance effect |ayer inclusive of a magnetoresistance effect
film |ayered together; a non-magnetil@4¥ul ating | ayer arranged on a
| ateral surface of said nagnetoresistance effect elenent; and a pair of
el ectrodes connected to said magnetoresi stance effect |ayer on both ends of
t he upper surface of said magneto- resistance effect el enent; wherein the
i nprovenent resides in that playback signals are detected by the
magnet or esi stance effect of said magnetoresistance effect layer. Claim?7.
The thin-filmmagnetic head as clained in claim®6 wherein the
magnet or esi stance effect stabilizing layer is forned by a diamagnetic film
and a magnetic filmlayered together. Claim8._The thin-filmmagnetic head
as clained in claim6 wherein 44 43S '
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the total anpufif of The saturation magnetic flux of sal d magnetore5| stance

ef f ect stabl i zi

ef fect. | ayer.

| ayer S conpri sed of 'a

magnet or esi st ahce eff thin filml magnetichdadcomprisingter | yi ng thin film

a sliding surface;

a magneto-resistance effect element extending from said sliding surface and
forqu of (1) a magnetoresistance effect stabilizing layer inclusive of a hard
magnetic layer, (2) a non-magnetic insulating layer formed of an electrically
insulating non-magnetic material and having a thickness of nbt less than 10
nm, and (3) a magnetoresistance effect layer inclusive of a magnetoresistance
effect film, layered together, the magnetoresistance effect layer and
magetoresistance stabilizing layer being magneto-étatically coupled;
non-magnetic insulating layers arranged on opposite lateral surfaces of said
magnetoresistance effect element; and

a pair of electrodes respectively connected to said magnetoresistance effeét
layer on _oppbsite ends of an upper surface of said magneto-resistance effect
clement; _ .
wherein playback signals are detected by the magnetoresistance effect of said
magnetoresistance effect layer.

2. The thin-film magnetic head as claimed in claim 1 wherein the
magnetoresistance effect stabilizing layer is formed by a hard magnetic film
and a soft magnetic film layered together. _

3. The thin-film magnetic head as claimed in claim 1 wherein the
saturated magnetic flux of magnetoresistance effect stabilizing layer is greater
than that of said magnetoresistance effect layer. |

4. The thin-film magnetic head as claimed in claim 1 wherein the
thickness of said magnetoresistance effect stabilizing layer is larger than that
of said magnetoresistance effect layer.

5. The thin-film magnetic head as claimed in claim 1 wherein said

magnetoresistance effect layer is comprised of a magnetoresistance effect film

formed on an underlying thin film.
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Claim 6. A thin-film magnetic head comprising:

a magneto-resistance effect element having a mggnetoresistance
effect stabilizing layer inclusive of a diamagnetic layer, a non-
magnetic insulating layer ahd a magnetoresistance effect layer
inclusive of a magnetoresistance effect film, layered together;

a non-magnetic insulating layer arranged on a lateral surface
of said magnetoresistance effect element; and

a pair of electrodes connected to- said ‘"magnetoresistance
effect layer on both ends of the upper surface of said magneto-
resistance effect element;

wherein the improvement resides in that playback signals are
detected by the magnetoresistance effect of said magnetbresistance
effect layer.

Claim 7. The thin-film magnetic head as claimed in claim 6lwherein
the magnetoreéistance effect stabilizing.layer-is formed by a
diamagnetic film and a magnetic film layered together.

Claim 8. The thin—film magnetic head as claimed in claim 6 wherein
the total amount of the saturatién-.magnetic fiux of said
magnetoresistance effect stabilizing layer is'larger than that of

said magnetoresistance effect layer.

Claim 9. The thin-film magnetic head as claimed in claim 6 wherein

- the thickness of said magnetoresistance effect stabilizZing layer
: -

is larger than that of seid magnetoresistance effect layer.

Claim 10. The thin-film magnetic head as claimed in claim 6 wherein
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said magnetoresistance effect

layer is comprised of g

magnetoresistance effect film .formed on an underlying thin film,



